SYSTEM AND METHOD OF SENSI NG ACTUATI ON AND RELEASE VOLTAGES OF AN

| NTERFEROVETRI C MODULATOR 5 Background Field The field of the invention
relates to mcroel ectronmechani cal systens (MEMS). Description of the

Rel at ed Technol ogy 10 M croel ectronmechani cal systens (MEMS) include mcro
mechani cal el enents, actuators, and electronics. M cronechanical elenents
may be created using deposition, etching, and or ot her m cr omachi ni ng
processes that etch avvg/i/é art of substrat es and eposited materi al

| ayers or that addYP&¥ %F’&WN%@GIAQEU@@ BYOINEREARE devi ces.
One type of MEMS dev'V@ﬁJﬁGﬁ@UFQQNQNTERWH(%E@&@'Momlﬂ'ml@r An

interferonmetric nodul ator may conprise a palr 15 of conductive plates, one
or both of which may be partially transparent and capable of relative

noti on on application of an appropri | ectrical signal. One plate may
conpri segoa stationary |ayer deposi ted&&wga—gubstrate the other plate may
conpri se a Reeldal | i ¢ nenbrane suspended over the stationary layer. Such

devi ces have a wide.ran ications, and it wou] d be eficial in
the art tout 11 e iifireRe fueB S b artlometad ey Pre Qe Sbes o
devices so that their 20 features can be exploited in inproving existing
products and creat|no neM/products that have not yet been devel oped.
Sumary The 2 slchnd Teghnologayi ces of the invention each have severa
aspect syp no S|n bl e
attributes. Wi %{0@%9@?‘:#8&%@% @’I%‘?%?‘gﬁﬁeﬁ@‘e’d&ﬁ!ﬁﬁ*ﬁm‘%ﬂﬂﬁéﬁea‘*%?*g?n@nem
features widnd erImebes dwhuusts@xaniball afrhopts mdy be creatad iudiag idappsitivnsetchiling and ok on

and partlcul reading the section enti d "Detaile ri N
Cortonn | enhl HishreBinhE iRl Mis BER AT 0 eheRiualT pabocierpiird Tl on
provi de advlajmrﬁgetﬁatcnd&ﬂayeﬁttb&ﬁmdblﬁ@h&y aflsle@RmecBlickNdevings. e Tho diprenMEM $1e

i nvention g&)nprlseﬁ%dga d of ., det er m ni ngl_e ?e or botB of an actuation

vol t age and®¥°f &% “\/‘B'ief SlrQE’eB’F‘%P a0 AP AL ARAHS odWptop Ry EUNPIFRE PHEL hod
includes afRbidubveAplat&dnt of bOth bf fWhithaidy Rl Reddlly GraRsfafint bl Saphtde 8L relBast

one el ectrode coupled to the device and detecting at |east one el ectrical

response ofmtipa ugew arplicationofan appropsigtetelactvisalignak r @i plap ey rcprepnfﬁ@tseﬁwa@r s.
Based at | al f%d%ﬂ&mm laq.:ﬂ &Jﬁf‘e e HRP piGte %Bl?l&ﬁsg%fméthﬁcgi bGfe p

| east two ect frc pot nt| eterm ne Base ast in
part on thethdsatemmyda}mg Sudt devigeDimye @rwitbotahgeodf applivationst anaintmulddiEtba@é'lcahd

rel ease vol.t age t erm,ned an th nbodi,men
determ ni n g%e Blgf Ifrg’/%{nmgldlbu gﬁﬁ%ﬁ’&fggggﬁa& Eyzfe? gfégvslcees\%lt[l%gtgelof a
m cr oel2ct rfemaemdmbeakpldead i6 émpeeing dﬁstm?gqﬁdstsmﬁ‘s @nd aReping ey @bducsal hivamot

yet been developed.

Summary

The system, method, and devices of the invention each have several aspects, no single

25 one of which is solely responsible for its desirable attributes. Without limiting the scope of this
invention, its more prominent features will now be discussed briefly. After considering this
discussion, and particularly after reading the section entitled “Detailed Description of Certain
Embodiments” one will understand how the features of this invention provide advantages over
other display devices.

30 - In one embodiment, the invention comprises a method of determining one or both of an
actuation voltage and a release voltage of a microelectromechanical device. The method includes
applying at least two different electric potentials to at least one electrode coupled to the device
and detecting at least one electrical response of the device at the at least two different electric

potentials. Based at least in part on the response, a state of the device at the at least two different



5 different electric potentials to at | east one el ectrode coupled to the
devi ce and neans for detecting at |east one electrical response of the
device at the at least two different electric potentials. Additionally

provi ded are _neans for determ njng, based at |least |{n part on the response,

B tate of CerEe Auorals Beciembugt Piself Inpn aek bt e e autsd Bab SRt & and
means for defeQeahtinigltaRand relofk RoltRE afhRtepfihsat i on vol tage and rel ease

vol tage based at |east 1n part on the deternmning. 10 |In _another enbodi nent,
a system for det Bramoriengmindéneit, asystmder deferaipingant enbatb pf apstuation vaitagedndase
vol tage of Qrél%daﬁé Q6156 LF QTRERANRL Ethe AN ?ﬁedi&cih{:iﬂ&i rﬁ‘ealq% ?Jr%%k@&gra?%&*}%' cal
device and a driving circuit con |gurec§1 to apply a voltage he

m cr oel ekt r difechbai¢otral patkanials ¢o atdeassarsbetrazrngdédi theodevive amd means for detecting

m cr oel ectronechani cal. device i s nfjoured for detecti a east one
Ol eeri oo " RIEED A0 Brrlvenonie ol BEIHE 3h et APSH BN BRRidt e8P oSS ¢ uo
di fferent eheditisially ploviiel eRthéhs for TREmERIAS VasedSt febdt i pdrt GOME k@pdnes afsBife of

determ ning, based at least in response, a state of the device

part on the r . C

at the at | Badeviesw thy #trleaskine @Ff%retltrql@tr&dwéeﬁwlalasd BIRPs i detRamining e 9§ botBne
or both of thg. ackuati t t ilceast in part
on the determ ni né. é‘r}%@%ﬁ%?ﬁé?ﬂ%ﬁ%@%@ﬁ%hﬁﬁ%@e%@i[n]%g%(r)x?ﬁes ncgege&? gltl:dtgﬁri ng a
di spl ayl&yst em i cinodiesenibodimeany azpstern foralptephining onoel ch ofamectvatmincwitagsi and| s
configured re di spl.ay. data to a user of the di.spla 20 system The
rethod | ncl LSRG B F ROl ohelnRal Fies e o o uERL R ronfedhalich] e
el ement ; anghdcodyiing)gircuitsenfigired e hppll b @ditige t6 €S EnifveleOforitahdnical dasice. A
actuation vol tage or torqleql ease voltage %eggsaddi ti onal

€

(0] .
mi cr oel ect r HAE RAMFHEE & eroelprromrghanal Ay sRmfigured fogidetspting at Jraptanp

i ncl udes anci@fdidY rldpondt oF AR REEATREMBNafiEdl dePicX @l theCRNEAH WS ditfeRnPERSED!
display data to a user of the displ aé system at |east one additional 25
g

m cr oel Ect rieaEnani Bl seapasnis furthes nepnliguech §ur determinings rhgend atsleash i ipai roadthe o
sense one h j . Of

S0t i onal eSficly Sore BARUMEH 0 oVt BAPaiRErclt B RAREert Rl BADRr Bheghiling
syst em i ncl andesbatk afithe Aanatohn ypltagyg iandretbaseavoltagechbaseslant leadt impartinsth defersyrstgem and
at | east one m cIroeIt ct el cha{:li cal ﬁl gment. Al so dorgvi de%d arfdmaéns. for
detecting one or BBYHTSIORAMTAY g KEhf of BARUfaurgie 2 display sxdiam isdsy QrRing o o

m cr oel ect rpneehairéddctrodbeaheiBitiels doRfigas 1d@resentlingiayeiata to @ ussebhid didplay
manuf acturing a system for determni ngkjone or bhoth of an actuation voltage

and a ré eaVEolhagisthod inclpgdesy isaniag o sag epapddtaramirreeéschppechanieal slkBERs ng a

m croel ect r QARG{ARL & 8dnsSebhBBuraNR ERURKE Bihoth S dn\ak8kidh Yothidelor @RAEAsOVEIBGe t O
apply a voltage to the mcroel ectronechani cal device. The nethod al so

i ncl udes cdapieiaddjtionad avigrorleqiromephanikal efementr oel ect r omechani cal devi ce, the
sensor is configyr 0 i ng: . el e i : t he
m croel ectr orrec;‘;![?;fir?:;i gtg{;r %&%ﬁc@&t&tpg ﬁ@a%%ﬁfeg&ag@ﬁ? ?Aso%d%#e%h{cmreeﬁg%@?%gm%al

pot enti al s,pieeisdconfigured tof predchedisdanfatg ur £ dsef of the @isplagispdtery, at bastadhe atlditieast | n

art on,the respaonse, 6 a.state aof the devi at the at |least two different
b ect i preReParaechiicel BBaR. oyl of i HEO G PIREBE R Bt Ther ok of

an actuation voltage or a release voltage of the additional microelectromechanical pixel.

In another embodiment, a display system includes means for displaying data to a user of a
display system and at least one microelectromechanical element. Also provided are means for
detecting one or both of an actuation voltage or a release voltage of the microelectromechanical

30  element.

In another embodiment, a method of manufacturing a system for determining one or both
of an actuation voltage and a release voltage of a microelectromechanical device includes
forming a microelectromechanical device and coupling a driving circuit configured to apply a
voltage to the microelectromechanical device. The method also includes coupling a sensor to the

35  a microelectromechanical device, the sensor is configured for detecting at least one electrical

response of the microelectromechanical device at the at feast two different electric potentials, and
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actuation voltage and rel ease voltage based at least in part on the
determning. 5 Brief Description of the Drawings Figure 1 is an isonetric

vi ew depicting a portion of one enbodiment of an interferonetric nodul ator
display in which a novable mirror of a first interferometric nodulator is
in a refl ectit fughergpenfigured fop deprmining, desed apleadda parhpmthd refipensancyete pbie dei¢exed
mrror and ! r - .ond A i I Sl N a
non- ref | ect Puie BRERAE. Ak aBiHARERE ToRElsuPUBLBhbn R oPhh drnd

i Il ustrati ngctostmnenitgd ankrieans voltagediasgitat eastdn pevircte déteraddippr ati ng a 3x3
interferonetric nodul ator display. Figure 3Ais a diagram of novable mrror
position versus applied voltage for one exenplary enbodi nent of an

interfergmetric modul ator of Fi ghk@DekeriftiodWdr e PabisigAn il lustration of sets
of row and columm_voltages that nay be used to drive 15 an interferonetric
modul at or di spl afigur dute aAiseIElist Vigive derittige g epqitien it peavembpdimeaipofyandat a
1) Lhe 3x3 SRERHSHAIBRRGor SO Bl SRBK Bhof bR Brerl B, Auaor
illustrates one exenplary timmn iagram for row and col umm signal's that may
be used to wint®rdfleetiver amtorgf pbiigor & A pred@nfegudigtard fran a fxedssirseatd g¢r of
the device of Figqure 1. Figure is a cro section an alternative
enbod: ment PV RE P bR Fier oS gat: Big o paheder SR bHE BRI on of
an alteqmative erpogiaRnis m&ﬂodkr‘tti?ﬁxﬁElﬁl@@itﬁ)ig(bnméﬂlﬁbcﬂﬁleﬁt of ah Gl Rorfic H&vicR
schemati c/ bl ock di,agram of one enbodi nent of a state sensing circuit. 25

Figure 7 isin§Papmting 3 Hdtintgrfprageticendulatpe diselay-t i ne response to a vol t age
pul se for an ingghf.esn ”hﬁgﬁ?d«'ﬂ* Bb®ble it fosBiol S GREIRL Vil fsko '
di agram of anot her% een{)oglgr?enlt of a stateE= sggéslli %5§?vac?ﬁsiut B@I gureagé S gnfaph
i |l ustrati negezpbany ¢rebrodingent of ampterferopemis enodulater vOFigargd. pul se for an

interfer ometric %9&'3@1@ i il’lgu%trzlizt& qu%eté" gf fow aarllfifc!a uvmvncv%ﬁzgﬁtﬁls H’Iat %%)'; ftea IES%d ’?Oe(p‘ LN
process. Figure isatimng diagramillustrating r and col'um vol tages
for set1j ngamintrie@®gicirignodalat@wispfayi nt erf eronetric nodul ators. Figure 12 is a

bl ock diagram of __a state sensing apparatus for ulators e dded. in .
o rays. 35| B gur BREs 7 TSP G tn SR SREE 1 SO e o dne o e
sensi ng pr og@&fator didpldy' o Fighrd 3 @ bl ock di agram of a display incorporating

test pixels. -3 Figure 15 1s a graph of voltage versus tinme applied to a
pi xel which may PigugdBdllugrates one exemplary timing diagram for row and column signals that may

be used to write the frame of Figure 4A.
20 Figure SA is a cross section of the device of Figure I.
Figure 5B is a cross section of an alternative embodiment of an interferometric
modulator.
Figure 5C is a cross section of an alternative embodiment of an interferometric modulator
Figure 6 is a schematic/block diagram of one embodiment of a state sensing circuit.
25 Figure 7 is graph illustrating a voltage vs. time response to a voltage pulse for an
interferometric modulator.
Figure 8 is a schematic/block diagram of another embodiment of a state sensing circuit
Figure 9 is graph illustrating a current vs. time response to a voltage pulse for an
interferometric moduiator.
30 Figure 10 is a flow chart of a state sensing process.
Figure 11 is a timing diagram illustrating row and column voltages for setting and testing
a row of interferometric modulators.
Figure 12 is a block diagram of a state sensing apparatus for modulators embedded in
arrays.
35 Figure 13 is a flow chart of another embodiment of a state sensing process.

Figure 14 is a block diagram of a display incorporating test pixels.
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determ ne the actuation and rel ease voltages of an interferonetric
nodul ator. Figure 16 is a schematic of a circuit which my be used to
determ ne the actuation and release voltages used with the voltage versus

time voltage application of Figure 15. 5 Figure 17 is a graph illustrating
the timng of the:ci I [ L Qpur [ : t
enbodi nent of a %(1)@1% %e;gg 1%/%%51@5 ngﬁgagégvﬁfsﬁéeg}ﬁf g‘lpéﬁe& f;%()eziap &éﬁgmgﬁha nrb'? J\gggr tsous

ti me r esponsletessnncthe aayative and exdeatcovaiteges b famietettrematicuaddutarorand r el ease
voltages of an interferonetric noqulatar. Figure 19 |s schematic of a

e cur wh ch g P T8 BT g e ieh e o BT ageds whefon fud
vol t ages W tdledsdreblidgdsthua@BwNIehSs Wsltdge ﬂ&sﬂéQirﬁea&ﬁag%Fh?blii&ﬁbﬂ SfFigire F5.gure 18.
Figure 20 is a schematic of another enbodi nent  of a circuit which may be
used to “det erm Aigutend ine etsak ilbsiraing thedinpg of HotircaygesFigareds i nterferonetric
nodul at or. Fi gur 1 i ik ak |

enbod; ment of “a SRRl B A PSSP G BRI B dg SRl L0pR0

i nterferonetrd currenti uérausotise rdspomdetvaliithethapds asddotoi daterofinePthe fagupeh &dbeltassent s
The follow n adestogi | e gescrti.p}nipg‘a%ti s directed to certain specific

embodi ment s ' GFEEHRS 20 HRFERITEHS Ver, the invention can be embodied in a
mul titude of difFRuRN9 Waykshasatidef aratuit #hidh GRY ®6 @ckddty deftamink Merdtualidh 4ndi S

description, reference_is made to the drawi ngs wherein like 20 parts are
desi gnat®d ¥ YoRees Aiehay daghirestig Hg o ltagrBorticatiand Figra He i nventi on may
be inpl enent ed i PigaRYIARVA GehehPAl of SnGHRN dnidiBfint OF 2 LirS Pl PhicA mby BOGised to
whet her in notion (e.g., video) or stationary (e.g., still inmag€), and
whet her t esteteraiineche gstustion ped relepsrveltagas of apuntenférgmetric mjoduleont enpl at ed t hat
the invention may. Lipl in_qn associat.ed w.th var J. f .

el ectroni c devi cglsgplgﬁ?: ERﬁgﬁr%E%t%g ensggteﬁn?orlﬁ)c ed gfagfs lﬁ%%ﬁl}ég F@F%g%dé‘ﬁée‘% ,O?iglsual
W r el ess dedisg@sdevipe caopadingaglaraliysif ftafer@negirDAsjulattvand- hel d or portabl e
conputeif, el ectronic books, GPS receivers/navigators, caneras, M3

pl ayers;” cantorders, gane consoles, wist watches, clocks, calcul ators,

television nonitors, flat gadigled®eSRipayiSof FESOME BhbdMddiOr s, auto displ ays
(e.g., odoneter display, etc. ngj cockpit controls and/or displays, display of

canera views (elkf follgivag dajailed desqription Vi diecied i cartain speolfihpbesimenty elctie oni ¢
phot ogr aphsi,, ghiggt m@&@erhﬁé krRQ&Loqsqaﬂ be bstidiNG a r@slﬁaﬁg b fifereff ‘%Oyfstagﬁém{ea'
structures, packagling, and aesthetic structures (e.g., display i mges on
a piece of dwelergd by MENMBiteviln &8s ddscryition| raferemte ohadedo the drhvmgs dbgeniliked
herein n al so be .used i.n non- di ay .applications such as in electronic
Swi t chi %’3 daa\ftlgglgs?SI%agedl‘”r'f eliﬂ?een 6“%’?5% éﬁ{%gﬁl ator display enbodi nment

conpri sing an i nEmbddmenebf the indbtidvaliy Bd Biflayentddeiing dewcd thhis tchafigaekdita
Figure 1. | hese, devi ces, the .ixgls are in either a bri

ght dar k
state. Int %Pﬁﬁr?“gmagf"'%li‘?‘heérmﬂl? 84585114308 Or FIRHONIG (51 Sy St @%ﬁf 5%35%‘1% a

| arge textual or pictorial. More particularly, it is contemplated that the invention may be implemented

in or associated with a variety of electronic devices such as, but not limited to, mobile telephones,
25  wireless devices, personal data assistants (PDAs), hand-held or portable computers, electronic
books, GPS receivers/navigators, cameras, MP3 players, camcorders, game consoles, wrist
watches, clocks, calculators, television monitors, flat panel displays, computer monitors, auto
displays (e.g., odometer display, etc.), cockpit controls and/or displays, display of camera views
(e.g., display of a rear view camera in a vehicle), electronic photographs, electronic billboards or
30 signs, projectors, architectural structures, packaging, and aesthetic structures (e.g., display of
images on a piece of jewelry).
MEMS devices of similar structure to those described herein can also be used in non-
display applications such as in electronic switching devices.
One interferometric modulator display embodiment comprising an interferometric
35  MEMS display element is illustrated in Figure 1. In these devices, the pixels are in either a

bright or dark state. In the bright (“on” or “open”) state, the display element reflects a large
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-4 portion of incident visible light to a user. Wien in the dark ("off' or
"closed") state, the display elenent reflects little incident visible |ight
to the user. Dependi ng on t he enmbodi nent, the |ight ref I ect ance properties
of the "on" and HF ' tes may be reversed. MEMS | s can confi gured
to reflect BPEED waﬂfwwalﬂe Eéhté%ﬁ@eFrc&’fﬁﬁéﬂ thariﬁr&s\anfﬁ qr FIOSaEdoH"%% ths dslayy in
addi tion toglemeRt rBfdetsaie WideR: vxfblgllll%ﬁ’t t@; theSusa m@@ﬁ@ﬁg bif thé eBioMIRIRA(C the nn@htt WO
adj acent pixels in a series of |xe of a visual display, wherein each

pi xel conpr reflegtance NENBTtiast & ther‘on @nd Colifpetateanoy . bel reverssde  MENDD dixsisneag, bean
interferone r

i nt erferorre%‘ﬁf%umg&j*eglt%% ero "‘ﬂ“’( %lf%lrgygggﬁ%%rﬁﬁ@ww&? rgﬂdg”l ?fhggﬁ]g§np%)i r
of refletti Vieck anderiste 10 p05| tioned at a variable and cont roI | abl e di stance
fromeach other to fo m a resonant. opti.cal caVIté/ 25 | east

vari abl e di nensi 6l§" ﬂb‘%‘i‘?ﬁ%‘&u"ﬂf‘é’hﬁep“&w& P adireent diye c’t“u%e”leéﬁéf’?ew 2 be
noved bet weeBudl WspR9S whk@ihS each Nbikd) & oipfisss POEIMS GierférSheikit @bduitRer Bl RS
the rel eased state, the npvable layer is positioned at a relatively |arge
di st ance f r BPoslImenise o piaterieramayric é’fori@lettor iiplagyeempripey a row/calsma ity o thessn,
the novabl elnlte@ﬁégme'tr%c Bgﬂlétbgnq% t&fe%rf? (Hﬁo kt@rc ﬁ@fuﬁésoa @J\zgfa Pl%lﬂgétme '1&9e1355
reflective [ayer. Incident t ect s fromt P

interfetks wrt@mdmtta Vailqblmand drembtla.kdtt du@h@e ﬁlepead] myerotm folre ap@sunantocrptloél t he
novabl e refletl o ei ther an or
non-ref | ect ALY &¢ eﬁ%gro 1ﬁeeac g% 4 e?“sm?h e el“@f’gl © of”t“? %ﬁLeofe%F%ge PREM%r r ay
in Figure lbd moveddesvebmwassaoant Initg ﬁm‘;ﬁ:ﬁmﬁﬁtréﬂeﬁed mwlraisahé;relea&daﬁcé ﬂaab .
In the interfer trlc nodul ator 12a on the left, a m)vabl? r}g hlq
reflective MR8 iyzfals posifippedaat p zglatiyelyarge distenes feom ptixsdinagially fetlgctive Tayer. In”

predet er m ngd s@éo’“‘nﬁﬁi&iﬁoﬁ r rﬂoJabPéerd?alE: tﬂoﬁhbﬁédrﬁBx‘e%&éelﬁEadji’déﬁtr tol 8- kil he
interferonetric nodul at or the right, the novab hi ghl yreflectlve

| ayer 16b i sflpdtivedayent émcidemt ékghhdxatjsﬁtfb@rs pesi theotrwoalay%r@emtprfqr@ﬁ eonstrigtively or

partially  SSELASY) VEpLANS! o B polea IRl UL Pk B0, BBUSLEEHEL 7! Y

conductive, part ransparen parti al
fabri cat ed, ovfemlilreﬂmhﬁc&nobyef&epwtmfwge@h@mr nore | ayers each of chrom um

and indi um tin- oy de ont,0 a. arent suhstra 0, The J.ayers are .

oo terned | nto Hedepii botian s BER dre” Wit oipBites ROV itetiPuia,
devi ce as dasdildidred2d andt per Iﬂi)ﬁieQM\terfa'rbﬁetrxﬂﬁibﬂbﬂaﬁ’r 2y &t the 148 a nlodabigayd Kighly
formed as a series of parallel strips of a deposited netal |ayer _or |ayers
(ort hogbha |feﬂ‘afﬂffﬁ@wrowaé§ Bl g al@é?aseﬂ@ﬁﬁlt‘%ﬁc?sl?r’?%”@ﬁwf’(S‘Hta&Fe peradixeg and

an i ntervening3QefRald fa&@ﬂ . rrﬁt tﬁE 'uﬁ!:rfé#@rﬁ&ﬁé Ledubet WQ@%nttﬁbenFlﬂsiﬁ md¥abl¥ien
the sacrificial "material "is etched away, the defornmable neta |l ayers are

separated fhighly reflsctivexlaxprnidbds illusireted ithgn ectetddi prsitioniadjagens ta the f/isxedmagmlx/
conductive %‘ﬁ&t&ﬁa&&%&ve mat eri al such as al um num may be used for the
deformabl e "Tayers; and these strips may form colum el ectrodes in a display
devi ce. Wth no Hppiicddayenl 16agesh drhelectaivallyycohuctiesrgianallp etansperent dud paaiaby s
14a, 16235 anrgﬂécrtllve and may be fabricated, for example, by depositing one or more layers each of
chromium and indium-tin-oxide onto a transparent substrate 20. The layers are patterned into
parallel strips, and may form row electrodes in a display device as described further below. The
movable layers 14a, 14b may be formed as a series of parallel strips of a deposited metal layer or
layers (orthogonal to the row electrodes 16a, 16b) deposited on top of posts 18 and an intervening
30  sacrificial material deposited between the posts 18. When the sacrificial material is etched away,
the deformable metal layers are separated from the fixed metal layers by a defined air gap 19. A
highly conductive and reflective material such as aluminum may be used for the deformable
layers, and these strips may form column electrodes in a display device.
With no applied voltage, the cavity 19 remains between the layers 14a, 16a and the
35  deformable layer is in a mechanically relaxed state as illustrated by the pixel 12a in Figure 1.

However, when a potential difference is applied to a selected row and column, the capacitor
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35 deformable layer is in a nechanically relaxed state as illustrated by the
pi xel 12a in Figure 1. However, when a potential difference is applied to a
sel ected row and col um, the capacitor -5 formed at the intersection of the

row and col kll’m (gl egt des .at tge corr ond| ng BI xel becones . charged, and
el ectrost at fEPFDHP RIpqetion, af dp Cé) ‘I’? §s at|the qotresRABing pixet Recpmesy,
enough, t hechdi@akldesidcayattid fordcdehon ﬂﬁd:le%ﬂr@dds sogem@p el tRYM IS istiigh édozs%d theayer
(a dielectric material which is not illustrated in this Figure na

deposi t ed ofiovaide lrystavdafenned apdisdprecbageingtiby fixaddaventp Eelaetrie ma@ﬁé! vshwh is not
separ ati on muarrﬁapﬁ)m@%lguiré e bk lte-x om;e Bhe)&q%yoﬁ 30t Fl‘r:or{]ﬂeggﬁh cb&mﬂ&ur e

1. The behavior 1s the Tane Tega ess 0 ty 0 ppl i ed
pot enti af§ dbdphmtiemdietandei ag Ihlmsiramlyby thepixelol 2bron theanghlam Fonre haTheczshaganis thel

h fl fl I . I N
hat used i FRoBHPRORGe 1B g Bisepidl il Skt o b el g el

through 4B hdtdatish fhat anostretReRIs e RE. Qﬁﬁs@eauwé %68 b1 fsQnalégduRgn adnpwEBY Of
10 i nterferorrrﬂietrl c .nmodul ators in a displ aﬁ I ication. Figure 2 is a system
bl ock di agr Brifiatiupad e eonyentingaldrel ardeibrr isplay '&Iogéffsectronl c device that may

i ncorporate aspeppgreh tEIIBQgH Y @RisirR0 one LindpFy ﬁﬁégﬁp LR YysRRPRALERD bn atdiSof

el ectronic device’includes a processor 21 whic be "any general purpose
si ngl e- 1&r iterferometriop modelriopy ot:@s@mlays aplicatipnan FIHRM 2Pisnt ispstgm Fderki dingrespr ) |

Pentium 111l ﬁ I—tIK lﬁggﬁel Mod%ej}g ek év?cie tﬁﬂ g%lcb Ara II% f§$ é;ddft& 1E\9IIIIFI?1€

PC(r), an A or an her suitab essor. tion
processor 2 thayxeogpiqoy lembochmyntsme cleatrorpici depmeenclmdes raqpo@e®s 20 whithahayds: @y

digital signal processor, mcr ntraller, ogr ate arr

s convent | Bl PHRAGR S s b FHE-PD oBuaBpiess s BACARVE dE it T eRhEL e
one or nor epéneifuhWBP, Pentifl € PentiiinBRl@] 4d $U31 1 OMEXSEC HiPb (e PO, QR AN PHAYJorS§t em
(not shown), the processor may be conflgured to execute one or nore

sof t war B ap?fh?rcsaw'ﬂﬁ Processel- udn ragdisione e grerkeser 21 anese CRBPIGeY0SPEHAI PEBYEON,
an enai | prﬂﬁfﬂﬁ)mceﬁfn QY 203 Hﬁftalﬁfgﬂﬁl"ﬁ%& dﬁp E’IIII:rS@tInItI@IIer bia [}ngkﬂamﬁﬁbl@%&@ St ed

that all of e functional ity descri herei'n may be I enented 1 n whol e
or part in Aaisdorvertiongbinttivoars thegrocessordlnbaynizet doofigurérbtoeaécutel ane onmowsbibdlaraent |

the process 1 i SO COon d o commnicate with an arra |l er
22. In one IgI;T‘I)ugeai n@n?cIdltIcIﬁlet%agr’Ire gIIIIn offe PRSTAEF SES {qt %Ilowngq \R/roﬁgsisglrer II:| fgcw t
24 and a 2&nfiglredno akmutebna:mrmwetso&ﬁarb hapilicptiaig) deludingraleh trowichen tal‘epla}jle 30.

The cross sectiaon of the array illustrated in Eigure.1 |i.s shown by.the |.ines
117 TROB gopalicstaan el atieiah of ay i Sutivans Spticqie; fidullhe B e athor’s )

for conver tth@finc@nahi®deseki@8Bheteih ehad b¥ Q@B A in Whbled art Sk dvedr& REFEARE, or
driving the array 30. In_one enbodi nent, the display control 22 also

i ncl udes a ¥YoEWERHYT thateo34 The frane buf f er typically includes sufficient
menory to store phge %Wb%&%ngkﬁ%r@éé@é%r bl &Bisd Qnfi gé{éd rtgfcsrﬁﬁlgm%{é RARGR and

plurality of tri-state ers are advant ageously provided on each of the
col ums anwnieitch 23f It dre embhadineht, drer amy 36ntrollbe22 inpluddsat owodrhveesizu 84 anka
ConneCtz%d tcc())luIrIn(%lI rlvrépgzgﬂch g4 %1&? provide signals to the array 30. The cross section of the array
illustrated in Figure 1 is shown by the lines 1-1 in Figure 2. The array control 22 may also
include a boost circuit 32 for converting control signals to a voltage or voltages sufficient for
driving the array 30. In one embodiment, the display control 22 also includes a frame buffer 34.
The frame buffer typically includes sufficient memory to store the current displayed frame for
30 refresh purposes.

A plurality of tri-state buffers 36 are advantageously provided on each of the columns
and each of the rows of array 30. The tri-state buffers 36 are connected to hold-mode signals
which open the connection to the respective row or column of the array when they are asserted.
When the hold-mode select lines are asserted, lines from the driver to the array are opened,

35  substantially eliminating any leakage path for the charge stored on each pixel capacitance. The

pixels are thus held in the previously charged or discharged state without any driver input, until
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whi ch open the connection to the respective row or columm of the array when
they are asserted. Wen the hol d-node select lines are asserted, lines from
the driver to the array are opened, 35 substantially elimnating any | eakage

path for theChate 90@1}‘)&%&%@, EAENhRIuYL lealcRP Q&B&W@xelw ﬁlro%géq{(?ﬁ:iﬁfn@te khus

held in the previously charged or disCharged state thout a river input,
until -6 t Keteciper treistahea § vdil bsiapprecdiated that dng rcontholbbighsetiesaivag seabras ssetidse
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interferponetric rmc%ul ators, the row’col nm actuation rotggol may take

5
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“hysteresis window' or "stability window" For a display array having the
hyst eresi s efRsfedetats i1 is seforredtp gerem a3 phe “tygerpgsuvpgrvner ‘arbiitt Vodow pridr écol

can be desi { d i: NQ el $ai .t
Chat are to By SYCAEARE (R bR aRIATeT Pt 3: el SRhERPERulon)

vol ts, and pitwetlsan hetlesagned suchtbatrdutiog serdstrabing, pixplo srethetstrokedvrotvithayere to be
differepce l,Qse S r e i e sed
o a ot Baay upt 3aphicti 3 pRu-Bindtp or bR P V8T d APl PG RIRETE
i n what everars tgbeedithe voltape diffaratee opeldsetidn esrv valfst exftebehengobm ihk: péde]s aeasxpossi x el
sees a potential . difference . within the _stabili i ndow' .of .3-7 volts in
This oxanpl B SHHES SHEaione SRR Haop Sl P PR B i Vs G Br o 1
st abl e undefowt Qb8 U HRRP! AGEr Veh 3G Rtes 0NN PixRNSeds ' BotEMRI dERraA6s WathRdther

rel eased pre- existing state. Since each pixel of the interferongetric

modul at or, HEYREVInApWT pled-Adelin diis ramplee Thideae maekes the pixelddem iHgptrajeddn
capaci tgy RpIeq i dided {hé%ﬁné\?\ﬁﬂar'&@\ébx&%e(: ditfinb 'iﬁ’&tdeﬁ)ﬁ?é&uatéd‘érsrele%éﬂa}e@
state can be hel(; at a voltage tlhln t he hysteresis w ndow wth al nost no
power di ssixping etate. ESigentichl pivel od thaumtesfetonfetrommoiwiator, twiesths xethe| dctupted or
appl i ed pot pal, js.fixed .25 ln typical..appli [ \ ' . [ may
be created %Gasggssgjfet ilsnffgssefrﬁlémé5tcagaflt%rg€°gnﬁ%i byglf?'ggcx ?%3§J;ﬁﬁ°ﬁ%§g%%e?{i%%{aﬂwq@ﬁ t he
desired setstable asteteumnelsk peldedtsa voltdghewithin slie hystérests mindopulvitk almost tooegower

applied to the row 1l el ectrode, tuati t he. pi xel orresponding to the
asserted cof'iHaon: i]%éeé‘.“a o %?Bﬁ% ‘%tﬁtrﬁ%d’f‘xeigﬁfﬂﬁﬁ?pg?cg%ct‘%ale‘§ B?‘%dr']t hen
changedst 0 cor r &g Rkl tag?lﬁcfiﬁorﬁ.?ﬁid[sﬁﬂy $RIneGhay BCEdatEHy Bis¥@ing thelset BEcH@RHNd

row. A pulse is_ then ap{gwi:ed. to the row 2 electrode, actuating the 30 .
appr opr i at elgstradss dn peofagnrewith the dewred aptcef agiuptrd phels dg dherfirgddowolAurpy pulse is

el ectr Odes'thél;nhfppfigi"’to]thgirw Ilselec:trode, actuating the pixels corresponding to the asserted column
lines. The asserted set of column electrodes is then changed to correspond to the desired set of

actuated pixels in the second row. A pulse is then applied to the row 2 electrode, actuating the

30  appropriate pixels in row 2 in accordance with the asserted column electrodes. The row 1 pixels

are unaffected by the row 2 pulse, and remain in the state they were set to during the row 1 pulse.

This may be repeated for the entire series of rows in a sequential fashion to produce the frame.

Generally, the frames are refreshed and/or updated with new display data by continually

repeating this process at some desired number of frames per second. A wide variety of protocols

35  for driving row and column electrodes of pixel arrays to produce display frames are also well

known and may be used in conjunction with the present invention.
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are unaffected by the row 2 pulse, and remain in the state they were set to
during the row 1 pulse. This may be repeated for the entire series of rows
in a sequential fashion to produce the frame. Generally, the franes are
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prot ocol s 3fafh®©bn die w;ngrdyocw‘ rigare C0| PigtreeI B alus4lesa (pf)ssﬂzllé<§dt ofllchiays dnd row
produce displ ay franes are also wel| ~known and nay bhe used in copnjunction
with the predias leysly Bt man be bseddprpixels e’é’é’“"lﬁb\tharliéiStQFB“f PyRstf dirotie b bl e
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regardl’é’ss of wHEgHe ABtiha tiEe diteram shawingseates o romand columpgignplyaprbied 9 the o
timng dia h ro o}
e e R S e b e
illustrat echctunteﬁipgqq}selramqn mﬁsmere anbrLtatvedmg|theeﬂrzsneaﬂ}estrmﬂ-m§ﬁguesc% vhe piRgls or
to witing th frarre tedl xel s, .can beln
state.  and oot A 8 Sl ahEi Ryl Y Srid i 30858 B G 20R%: E BT uoms
are at +5 Mﬁkt&W:tﬂM‘ﬁsé’t idpﬁs@vauwghs, el pigdld #g8sbleainl thélr ¥ebtngasctuasd add| réfedsed
their existi n% actuated or released 15 states. In the Figure 4A frane,
pi xel s 1(1 1El (1 2), (2,2), (3,2) and (3,3) are actuated. To acconplish
this, duri ng a "thithe Figur® 3Af ﬂamé , Wikels (103 s & Z}aftd 2% aadl ?3 SPhret RumRdVord s,
and coI um 3 is set to +5 volts. This does not ch ange the state of any
pi xel s, becatesepligh this; fering acding timsfarmoy A, columens3-apd @arg ses togBiveits pndgolimnd  Row
| is then o} ack
to zero. Try Srant uonss ThiEHey ol HhesiROayb o pixdlE il Pk DixeRde R
pi xel . No cbhhei volpstxbhty wmdmdneRawrlaythan etrczbfetﬂ wheadauls&'mha:ggdzesrfww@ua@ fledisy ed,
col um nd c 3.,are s The
same s @Pobd Sk @B, (PRl e EnLAREY ol aPR e S s el bt
pi xel s (2, Jp)xelarid lt}(e%,rla)' areﬁ@&bﬂad o seﬁ'ﬁ'dillelz aptestd cefunmmelsaétrtays ame aaﬂ ‘caam@l
Row 3 is simlar set fing colums 2 a tg -5 colum 1
to +5 vol ts. ﬂﬂﬁ*rfear? 6%%*&‘?5% If%f‘eiagwﬁﬁab@zezap#wogow ik theg a‘"stH%I?\AH”‘Fln( 2 g*af
SA. After Wledsk p&eﬂsk@l)farnar(ma) tAgid, Q¥old S@M@ﬂtﬁe @;fagef a;@af%cteanﬂotvhqs sif@hriym
potentials can remain at either +5 or -5 volts display is then
stabl e in tspledy saﬁmaﬁglémﬁﬂ apfl 3P quUYats4gmd ofumg § fo b‘evcslpprTéle rely 8 gtrobeaetsithre
same prgcequy s pﬁf%[l a9§h EQr nsgttﬁé frgﬂé‘%ﬁémw poARAE GRS Rl ada@is and
colums. It wll also app eci ate

column potentials can remain at either +S or -5 volts, and the display is then stable in the

arrangement of Figure 4A. It will be appreciated that the same procedure can be employed for
arrays of dozens or hundreds of rows and columns. It will also be appreciated that the timing,
sequence, and levels of voltages used to perform row and column actuation can be varied widely

30  within the general principles outlined above, and the above example is exemplary only, and any
actuation voltage method can be used with the present invention.

The details of the structure of interferometric modulators that operate in accordance with
the principles set forth above may vary widely. For example, Figures 5A-5C illustrate three
different embodiments of the moving mirror structure. Figure SA is a cross section of the

35 embodiment of Figure 1, where a strip of metal material 14 is deposited on orthogonally

extending supports 18. In Figure 5B, the moveable reflective material 14 is attached to supports
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sequence, and |evels of voltages used to performrow and col um actuation
can be varied widely 30 within the general principles outlined above, and
the above exanple is exenplary only, and any actuation voltage nethod can

be used with flhe resent in en%%o ....The (]c:iehails f t e,structaxrg.of
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wi th respectsed do daequce dhergbpven fessribsdr Jpeiupsseiavolying pseriascel awter! deppsitions
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ocurments, including, for exanple, U S. Published Application 2004/0051929.
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rel eased state. This pixel capacitance value can be sensed in a variety of

ways bylisen9mggf whisharetdssreibedimneradeitil Bt ri cal properties of the pixel,

15 sone of whi chrarg; fJessrdhed R RLE,JetR O flhe iR EAGHLR 65, 9Pl Xel
state sensing vvlhpﬁ Iﬁé g’gés%cdr iqﬁ%d S?IIEI’ st I\;éjtaﬁlrjéefl%r%}é%ge 1%0 g sfll:f?\%}l% gdlxe in

i sol ati on a¥xdllid issletient edillustraidgnriegurd-G0). Refbminginng tndigure 6Fiftpupeeloyritiafg er

pi xel witi et.her.the. whole franme | I ar. pri.or at tpme,
BTt he col Tibher HESUPE oo 38 LpS BB 1, FebroBipufselschiotBal ¥
conf i gur at i phared aBPbpearideconpledyrRogiyntation exvgptione clume koitdining theqdted b be2ésteline

row driyer .fhen lies a J.ow anplitude pulse to the row el ectrode
cont ai f’ng TRgoy ARk 5 asefm_taelg&"éazphvﬁ? efiech ety i pd? SoapomEs Pigelinbe
increased wedtddagBich ABarSRAUM D kdphisd W Be Tocrchfl@ VERAL AR shaol BSEKigir e, thé ¥tagiM | |
increase in response to this applied voltage in accordance wth the RCtine
const ant ( @Fros the pixekb Wi kigpaease mp Fesponss inghis applied|voltageis apeRrdagee withhie RC time
capaci t anceohad: (1 oFAP AELLENGE 2 Ol Bikel RiidtBhioR dne BREiLAG i B3icasRREE Hmd he
circuit rrayO%lnaéll Eﬁg?t ﬁe rowrlﬁrlavle’f" ﬁ‘t%‘gt‘%?“lrtr'ﬁ%’ aen%1 6{% %015 ar? a25 F?ﬁteér
resi stor S5@itchét, and thhresistanpd eigbelciionit sy irsidethichow e verontpet Bredadeandieny
\sf?lat g‘g(%g?‘tg-f}ltlgrﬁ rezsﬁf:?% rSg F@aé@né@%?;ﬁag}nd }ths%rigs: v)r\(]u?# glggrcenlwselecg'oc?e. | e %%Pa%g Ia% ALt
point 58 when the pixel 54 is in a low capacitance state (e.g. in the released state) will increase

faster as illustrated by curve 60 than when the pixel 54 is in a high capacitance state (e.g. in the
actuated state) as illustrated by curve 62. If the voltage across the pixel is determined at a certain
time during this charging period, at t/3 for example, the state of the pixel can be determined.
30 This voltage can be detected and measured by a voltage sensing circuit 64. If a pulse having a
duration of /3 is applied to the pixel, the voltage across the pixel will increase and decrease as
shown in the trace 66 (also shown in Figure 7). If this signal is applied to the input of a
comparator 68 with V. applied to the negative input, a pulse will be output from the
comparator only if the voltage across the pixel exceeded Vs, at some time during the pulse,
35  where Vi is defined as shown in Figure 7. The output of the comparator' 68 can be latched to

produce an indication of whether that pixel is actuated (latch low) or released (latch high).
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faster as illustrated by curve 60 than when the pixel 54 is in a high
capacitance state (e.g. in the actuated state) as illustrated by curve 62.
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but oneoadv age woul d tpe t ha l(grll thEl ixels in a row could B‘e g[}igged by
a si ngI% pui§ k fc BT R% ‘EH%?F@’ the <P WEEMY B2 SEBPACRY G Hea &t or
each pixel @hidBneAt HOMId Helidver MIRAUS| ambotiftint SRIPALEHEr folllev@Plrovs,EHAS Bisr tHah

t hese enbodi nents, there may be a sensor dedicated to each colum, or a set
of current YEAbHHEE sFIE be sequentially swtched between di f f er ent groups
of colums 20 sugh,&habnd %ﬁ%@rbrm@tgtes NRbveé! fi Lgé 1toh€s goh&mamnﬁs%a@ ghe
sensed concurrently. This I ment % be sl ower than an

enbodi ment semblag errs for fdsterminegyanr qpan obdpseﬂa@ﬁeevf ahiaterferpmetrict meduldtore A
sensin I it t.0ghphes abpve, Fi.gur opchart
illust ?Zéjtl r’;&a& iR %aagr["r%fdgéro fﬂe %lgglea?se glr) é‘?fte‘? i A amtgﬂce%eé ndén% %BSSAeS?j tpgt e
of an int erﬁlmeombasumdnmdute@t%r the Response is compared toathreshold to determme the state of

the pixel.
Pixel state sensing can be advantageous for a variety of reasons. For example, on the
next frame update or refresh, only those pixels that are different from the next desired frame need
30  be updated. For a static display, the pixel states may be monitored to detect which pixels have
relaxed from an actuated state to a released state due to charge leakage. Selective updating could
be performed in a variety of ways. For example, once one or more pixels change from the
desired state, the driver circuitry could be turned back on, the tri-state buffers closed, and row
strobing could be limited to only those rows which include pixels in an undesired state. Other
35  rows could be skipped. This reduces the total energy required to update the display. Pixel state

sensing could also be advantageous during the frame writing process, because as rows of pixels
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25 test pulse is applied to the pixel at step 80. At step 82, a capacitance
dependent response to the pulse is neasured. At step 84, the response is
conpared to a threshold to deternmine the state of the pixel. Pixel state
sensing can _be e f.or riet, reasons., For a on t.he
oxt fPame. ABGHTIE oReF B B gy BhoGtite i SR Hiten erise oy Bt PO he
next desiregow taE b1 @EiEten 3ghiDEntllREAERT PixEDitatd s@dlsﬂitglcﬁn dis& RidYitagddisly Phixiglize
states may be nonitored to detect which p| xel s have rel axed froman actuated

state to a FEPEASBEMYY aw@ireRIent Or trdiege bilskage. Sel ective updating coul d
be perfornmed in apVighiefieltabn M‘Pﬁﬁ?s la&%‘foc@ggth@traté’cpﬁleﬁ e 19" A‘E’eﬁr‘%vrﬁfng%@ 1

change fromthe desired state, river circuitry could be turned back

on, the §ri deingtthe tnyf { ding tigleded rmarictest dime Rtis ewered. do tHedfibstepartion ¢fabis ttlmeonl y
t hose rows whi hlnlu eIS| dst at xher

be ski pped. pel[h only Fucfeis CF?IO)f bt & cgrrl\réefteg% tl]e“é]url“rfeecdmfl Wuapnéiaattgmtpﬁlée %y\ifpal%mH

Pi xel statel vekns iy isCapplie] &l ®or beAadmﬂbalgﬂmua ikl dpagitahtreddpe@iart rekpohdend

process, beca s s r OWS xels -10 are vvrltten they cqul d be checked
to det ef mi nBXF( é@ww% @’% SHe dlols i el ptuged rigtie a3 shopigyin Fighee S fr\ovﬁ@om d

be witten apgaidy Mﬂﬁﬂxéls eoryRatl 3?&@&@% su?asé’c}uemﬁy%nﬁinegfﬁa%»ah sé:gt @qyaﬂﬁ@@a%sl y
mnimze the peak nenory requirenen for the frane

i mpl emeH at themengers theirgw | 2dine Umeo@feﬂétsmﬁ%"em rapeaty the sev | rhlnFtlgle rI@t lﬂ*etewilﬁl@rﬂla’f
writing row,l or%O?t?@'fxag inf £0% 1 2O %oi}ﬂe@?c&}e@?ﬁz ggnerﬁ(}f&gﬁﬂ:o&gﬁ% 111%&1 %h st

entered. In the ortion o erio urm 1
are connectecdtageoamm&uchbriis vievoi lages thety genanadly demreéanqothbmt EMe péncaibs)mownmucblt _
or less is lied to . row 1 des ove, the .c ci.tanc nd
Pesponae of PUBUER 1o Sotany 62 ndtEREN, R B Tke birtel RIS HEORG0RRoRoR s
as shown i ncdmpgted@o Bb\pultd p&ridds used @peatateckhé Pixelpd¥@lgsthé Writd) pravask. (Whe%)thdmidlng
subsequent ortions of the row 1l test tinme. The system 10 then enters the
row 2 | the t4 Reine gsted)is oK 53, BrgF, arfaégéétgéﬂx Iﬁ’éCkreé\Hstp ithfeteptingeprpgess may de

det er m ned §olﬂﬁ§zvhatq{?c?re QBmBERe TRi¥8 becdule fh@‘@és?- PGV R %?hecp]%ez[h &BiFd R df¥pixels.
witten. For purposes of illustration, the test ge anpl i tude |s shown

| ar ger t hanTlyentse anmwc@e@mr efdthesbarging prassss i idapengentioodthe sapsitanee hereken thenger
than woul d potsl) éﬁe&%&@%ﬁ@ﬁﬁa{e}{n @c?luﬁx@%le@h’&d%eaﬁ d(ﬁ?()@a%rl% Qf?ec e rbg tﬁ'ﬂélz{?%can

be very short co peri1 ods use I Xe
during the thestcé abltlmqnms m\tﬁnem)wt he ngt methe 3ateDof theqgiixej btieg tesd 54 sp@wzt again na

mor o conpr eioeurap e deRRGT I i Fredanseiiet 55 b B BloRC B PR alie S

pi xel s.  Thyisce théﬂ@n{ay 58 hEAfedsaoTtpiels ke fRQLE ddenbRied CER& dehed@ﬁl@md&rHan 88 t he
capaci tance between the entire row el ect rode and the return colu
el ectrode, SR} sThemrapalsape sppeitivesPuping hebyesh pixsls ig diffepat Wsé‘llalt Sftarf'ethe

pixel's in thee chWmnryPéctrb&lﬂ:gt T n%nra&ﬁafséf?etcﬁo%ls @%ap'it)?ﬁa{y I}J’Eeéd@gnﬁ&%ﬁseﬂ \éﬂnth§h0"m

again in 20 Figure 12. The dom nant factor in the capacitance will bé the
state of t huilspitieipetied Hg, the ¥had yalbtitor behekentitnting pivaly nbegimlmmveds;)eotﬂmg)pn(el S

in the JOW, .1 Q&e§&qﬁ’é &ﬁgé’u eﬁmmhe%‘tvt he remai nder can be significant. There

can al so be capacitive ¢C ween pixels in different rows that share
t he This determmatxon can be done in several ways. One embodiment illustrated in Figure

12 can include in each row, at the end of the row outside the viewed area of the display, a test
pixel 98. This pixel can be switched between states, and the rise times for the test pulse can be
determined for both the actuated and released states. In this way, the time period having the
30  maximum voltage difference between states, and the voltage values between which Vs should
be located could be determined based on the test pixel response. These values could then be used

to test the state of the other pixels in the row.
Alternatively, a filter resistor could be placed at the end of the row instead of a test pixel.
A collective capacitance measurement for the whole row electrode could then be made. The
35  drive control circuitry could use this information to compute or look up an appropriate value for

/3, Viess, OF both, to test the pixels in that row.
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sanme colum el ectrode. The practical effect of this is that it may be

advant ageous to vary the pulse tine period i/3, the Vuvesh value, or both,

when testing pixels in a given row, depending on 25 the states of the other
pi xel s in the row i t.ersm ' Sq]-%nm [ -

enbodi nent il us\tﬂr %E%Fftgﬁlzsi@%tq}]rg&%éfg&éa |%§Ip&§gﬁ%e%\%é C %%e\ag%lds?h@gsno of

t he row out siveeant velumine weitlusirated infFiguteel 3di At plepyi 02 aotvestasurpingeIsig@8ls aifhuppligdi x el
can be swi tched “t?et ween stat gf and Ehjhri se t)j mes f.or tr}e test_pul Slﬁ can be
det er mi ned fof "DHEI4HES 3 PITLIOLY AW, drpsSigpals capld dmvolg wting av%@,p”? & ¥ ne

period havi pgrilheosdcapitanteninesutcager ai fdERFiBAL @bdre!l Wee st a04Sappadpiate @st

vol t age val ues between whi.ch Vth esh should be |ocated could be determ ned

based on’ t hBArREEES Spohes PRETGhar/or Hres aregerpacdisr later preHe e i Bg 1o oAt Bst

the state ofighfe; Rtk plidelsSthé afgied t@Whe A 8 885 1¥E! Yar Fepf 1080 & capfHhileOr
could be placed at the end of the rowinstead of 'a test pixel. A collective
capaci t ancedspenadenl eavpanse ftorthe hddsanisomeaspisdy edfeser 0@ houbspordsen domprradiéc aThe

35 drive co i i try C u s 4.nfarmation to conpute or | ook up
an appropri g'%%'g(%}dafduee?#fgﬁnexyeé#é&%Sfegeg%&b%?! IB%{EH?WTO test the pixels in that

row. -11 A gener Bhlssimpludeensd digatipho Gesle pisd] sgtetsomsdigy Pbtescinpy BSsclaated phsed| S

enbedded. in arrays of. ro and_colyms is illystrated in Figure.13. At step
102, ro MRt A dgrlwgﬁgmar "erﬁ%B‘HT‘?fB'ﬁ beyslangd fo forsgh g o hig e HiSeEd iRt pe
sensed. Thegg r&i gNBbSisAIAUY PixeRViak gﬂset atehBidinte8tbiRic¥ebe AHindM such\dt @lpke-r OW

capaci tance measurenent as descri bed above. At step 104, appropriate test 5
par anet er s lfeked gharge s BipcEdIntaribty pixehegardless ofrits C@EQCéﬁlPﬁen@glef de thiarcese, Bexel

testing in : i i : . i i t e
o At st op g YHia@acily o 41 Be ik P el fol o5 ol BRRLAGCE. | B ukDS
i s measur edbe pussibiedp udel tis method &g powrbanias aoeypaweld tuo ita usdfiriness naly de tlimited
det erm t he at.e of. a sel ected pixel i,n. the . row ,Pulse,amljtudes and
Gurati ons forene ey dnRepg it b fal s br uBlbl oot B piieds oL BT pREE o1, &
Vﬁl‘i ety of iﬂasiéiyeﬂiaﬁiaeblﬁpl&ateﬁhﬁd difficut tlfrq)yedlgﬂ. 9hﬁ?&ﬂaﬁ?sqmyitﬁeodeletﬂa&b§s@ﬂ ahd
charge injected into the row For isolated. pixels, the pulse current an
time profil 8¢ ClsitFevaliss iR ahartpuises ﬁ%f?er%?gﬁ?rélmes@rf@&%elal &Pyee fesirpbly that B

into the pixfdnthegplidh 88 sheOpixbl urf@PRE! frafee ropditdCat INtilBl VihS e HyBBresis
resul ting voltage across the pixel w|ll| be inversely proportional to the
pi xel capacVigder a0 that thergigte sensingpaesptsideesnot lissH chivigs theestatoef thopixglibgiak sensefl. an

1] oot o | nplum, Elarlb S AC R ARSE o R0 Wb ol D6 i H0PE R ing o

pi xel s in chasging puist andswhonpdti deadupdedalyd thi thifskate) binplifferprandi il geBerasepulses
durati : | ect ed based t he Ci it I ith,short .

Gur e o1 T B T6H e R B USRS e P! bl SRRl 3

appl i ed to dublethpi tkehpplitd piRg volag®s P AeRS Sutkiddef itlshteralsl wihddves Wi thin the
hysteresis w ndow so that the state sensing process does not itself change
the state of theAthespdyaiagePIs @RRlcAtion Qs PRI State spRsingy 15 %rd%emm%d SFRGSdus| y

supply 4she RABRERRE! Rl FS YREL agRis WAE Be NREfuABRLYNHeR voltages are temperature
dependent, and may shift over time as well. Higher temperatures tend to shift the stability

window of Figure 3A closer to zero for metal mirrors on glass substrates. Depending on the

relative coefficients of thermal expansion of the material layers, shifts of either direction as a

function of temperature can occur. If pixel actuation and release voltages can be determined

30  electrically, the drive voltages used to write image data to an array of pixels can be modified to

match the current pixel behavior. A display incorporating this feature is illustrated in Figure 14.

In this embodiment, extra test pixels 112 are placed around the actual viewing area of the display

114. These test pixels may be fabricated during the same process that produces the display so

that the physical characteristics are similar if not essentially identical with the physical

35  characteristics of the pixels in the viewed display area 114. One or more sense circuits 118 that
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chargi ng pul se and when not decoupled by the tri-state anplifiers, and wll
generate pulses deviating fromthis bias voltage that are small enough
(e.g. no nore than 1 or 2 volts typically) such that the applied pixel

vol tages ar gofievefabRuiaiviRadel afd¥estR¥RIBE 58k Supland B tePPRERET: vAHY
application o@?pl xael st at eaés%e%m nsg IS g?or getper mg?ﬁ@n% Pﬁe act uat %&Sﬁ&% and
rel ease vol thagsomegtr alh opthg e¢nse Tlmustr}t:@nldﬂB shared amhorigematigetestsds. vol t ages are
tenperature dep and over tine . Hi,gher .t enper at ures
Lond o shift ¢ ha L abFRR P et Sk PR be p Rl PR
mrrors on gleassuasiubsihdat eﬁe riD&péﬁdltﬁ@sQﬂ 4 lgpacitiet MEMS piaelf fFof ieatisle, Othis

t her mal expgnsmn of the ma%erl L ers, shifts of either di i on as a

functi on’ of IFEHRAIAR GO BSTEBRELPY 21 y‘?ﬁ g&qren of I’J%ﬁag%f’nacéfﬁﬂarpéieL&g SeR3ing 4y

can be det eatmerh@@aempgh&pwuagal Irms id hﬁnstﬂa{téd\/ﬁ p{@lr& ageSths/@ﬁagteqaw&é fst%pﬂeme
data to an array of pixels can be nodified mat ch the current piXel

behavi or. Afrdmggtodg ajvaliegeeat at aboye thlq|e§Pef°@dtaﬁtﬂ§10|H9f0ltﬂtgeugltiq?fa*ﬂlé«‘ﬁﬂdlhorﬁl geech14,

In this ean(g’cag?m/el g?&éll%éz{;t/eet% t 1&3'dés$h§ed]ajoavea§1% 194 X&Ft%ﬂné”}lr tglﬂgtq?ﬁi@?th@g{xléggta ?J ring

viewing area of the'd ese t ric
t he sane pratesse vdlage }hﬂvehiuiu:eelsixelheiilohcsqateaynclsmls wiabe tldftestemhgnsmgahe test. Pixel

characteristi,cs are simlar if not ssetlal tical with {he physical
35 char ztgt eV‘?@ﬁ gan thgn b enped dpwn pyy ttef‘fﬁ e’ieé‘&%bé"%ﬂ’é@f oI, joezgT0, - tso@ﬁé’%@ nor e
sense Ci rcuievs, thd BixtIhall releakd, AaREHiywilbdghialbk Aetbitabbyvi@t teagesuend test vol tages

are coupled to the test |xels It wll be appreciated ¢that sone or all of
the sense circui IrEeuglf dh%EOlEaH?iFtélﬁlsé’ﬁﬁﬁﬂtfﬁ&F%ﬁhﬁFe@: but 4t wilfjbe sprrecigipd that any

Separate te b af n
Geterm ne. R e o e e B R o Rl

pi xel . For uasitohe test pirige 129 ldem}éuedmm@tsmmd akaye b@hq)mpfmrmsdfomgea@mugrmngara
series P§ Vl?ll)ltl ?oge(?is?sa&es > afid me)lff%el s@a e is c%?e%!? d ap?z{cﬁt\fa‘tgceai% ag{a %eggéé

voltage.” This 1S |ustrafed | he® Joftage can b
fromzero tmtaztmmlamagcﬁeatshabltags abm\be dehﬁnmxmegtdetérramtngawmom step| dheged aumter

all conditi each eve i Xxel state test as_desc

Sbove may. b ibAatE e A et <FeRel TurSd skt e SR IBRE 2l8 evel
t he pi xel widdldugibpate, and this will be detected during the test. Pixel 10
vol tage can then_be stepped down and tested at each | evel back down to zer 0.
At sone vol t age Fipwgel6 andhl bustete pirquitiapd isgperationdhat wass inglgmens g imthod

det ect eg} by 1trﬁ@ 15 eﬂ thgsee?ﬂgoh&en{ 2y kst gMEéaxs Jalédedttg'% s¥1@ésto§gt%gﬁe§i% ah@ st@ﬂﬁd\ﬂgl’vﬁ for

each step, blt it appr éci ated that any
Duri ng eachvodtegss anfhfhp@xgnafwgmps ﬂmheﬂasm@rsaiegéd pixebnTlndmhqyrseiwmrgunﬂeﬂ vvag@n

transt U100, S luhl B3ohE8 L aRP1 AP0 25 MR 358 LRGHCRIRYS 0P RARERIL 2 ©

voltages or curr eS|red sta
det er m ned wattagacivarer tcage ihpuelf .2 ddapgasr f103. tAIsehomﬁruBtgumrﬂhﬂﬁ (EIeKEagxml

vol t ages can he determ neg by determ ni ng whi c cau @1 at nge.
Advant ageo RS e s PG At RETAET BA (1 et eRier o Qedroiah Fissk § nan
the step siag desfitledbbidt, @O tesFEﬂW S5 dukBs aradrrénY pvuisé HEbUAAL tBe BesChik€lUhdt degsits
operation that can inpl ement the method of
much slower for an actuated pixel than for a released pixel. The CLK2 signal controls the
connection between the output of the current to voltage converter 124 and the input to the
comparator 128. The input to the comparator is pulled low by resistor 130 when the switch 126
is open. The CLK2 signal is timed to have a rising edge delayed from the rising edge of CLK1
30  and have a short duration to sample the voltage output from the current to voltage converter 124
at a selected point in time during the charging process. This voltage will be higher for an
actuated pixel than for a released pixel. If the voltage is more negative than —Vthresh3 (negative
because of the inverting amplifier 124) during the CLK2 sample period, this indicates an actuated
pixel, and the output of the comparator 128 will be high during the sample period. This is

35  repeated sequentially for each test pulse, and the series of comparator outputs are shifted into a

shift register 136 at times determined by signal CLK3 which is within the assertion time of
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20 Figure 15. In this enbodinment, a test pulse is added to a series of

st epped up and stepped down voltages and the signal sumis applied to one
side of a pixel. The other side is grounded with an inverting current to
vol tage conyerter, 124. A syt 12 ects the oy rrent to
vol tage conV& (tE'e ﬁ.het Bé’t"ﬁeotst\ﬁnf) ﬁﬁdtglg‘e@gﬁﬁn@r’a@rg} a5y dﬁgh Fag“ﬁ‘?gatil
the CLK1 si gina¢ pixéltat esch @fellon thghea)t rqs;tndmudksﬁ“@ener at or pr oduces t he test
pul se duration. As illustrated in Figure 9 25 and descri bed above, the test
pul se produces aFi@uiEs &hendi %lésttarﬁea%ﬁr qircuit irarlpmesitation that 5an broissq 9 defpimine
slower for am.a6h 4t edaRiviRigel BAMbiE@bIe Bixk e IEAS %glta%% e ptite 15%335&1 A%3hte
controls the connection between the output of current to voltage
convertey 1that laﬁiawmqelpam@m the @ixehBC chygpatisresonst2g andrthe timegltakesdor hpixel to
conpar at or Sl Qr e i.tch 126, 1S Ny Jhe
CLK2 signal §vl§itscgtl’) tlw%%% Qt\é\’%lt)lyeecugr%r J&rﬂnbe v% M’” q‘llg. te d\§o age is rehrréped up; r'{gggalé (Ia)e of
CLKI 30 andtrieaung! the ph@l thadgssad the racmaxecs amfp Ia@d the eapaeitatnﬁg queluy rdteafes OMhik Méll
current to voIta con ertﬁ ég a sel ect point intime d t he
char gi ng pr3e¥sk Shirepp; ROlSg 59 QY &g | e figHe 2 %‘rcaa"i‘i“ta%‘@tsti‘é‘t o %F P bl
for a rel eagpewaid(@lsecohll clifiht paké 80@e bp iR Eir2B88R LUKy RaRkingthE ERSEon the
(negative because of the inverting anplifier 124) during the CLK2 sanpl e
period, 1G hi rixql gefagitanes vl ogr-uat ed  pi xel , and the output of the conparat or
128 will Dbe highpgyri 'ctﬁge ttpﬁsé%glphgdét)& e'dcf)g the J?r'cﬁn bPFlg pﬁﬁhﬁg E&? glgtﬂlg‘l ly
for each test pulse, series o Jarator o s are s ted into a
shift regi siugrut 2Bte atlrrentmesolthgt: eonmverigd 2B ys suughr.dlto @lpkB O\ﬁhomlburaters Ve hadhi4zhe

assertion tj of -13 K2. . T ut put e shift relst r136 then form
2 Fecor d of P e ety b il Bt BE AR e e “Bfrestpd d B C R hO B o
the way up anentpack, tﬂé)wtpuﬂ:éfgi(bh@&afbslamdnlﬂ-@o highUSuriap €hedeOdnaerrehtpalse,tthe
i npl ement ati on tgat can be_used etermne actuation and rel ease vol tages

of a bilst abiuPuppieomparator I wilhge %@B dfe time ahyhigh these pylses asipganfe dgtepmpingd 5
that is sl oary&Qrﬁgaeraeﬂot@uttmseprrasﬁlthﬁ&nrﬂmt&t Mdptd BpLANSEder 24 14B8hdigTe it
takes for a pixel to swtch between states, the current will be very |ow
while the \ﬁtﬂrteégethessamarfpwthmamtrht stagigd. | The countarevalms ictn bhesspeisted vithdhgyes
to the act t T

cause - curt Batorchll Aol SARBL HERERATAL Sl REE RARTT e liBed e
state. On trwep sdmpwihack downward, a second current pulse in the opposi te

di ti i ck d the ch
e PS4 00 W o T PRI,
thi s enbodiisplated dnhep oLADBiasOfoltafreandus zmtzdz twthy@ixbagema@moentrere AR duriest

coupled to a_ _pair of conparators 140 an Bot h corrp%r at or out(guts wi ||
both be | oWHAEH ttnégft:wﬁrpgiehahemhréﬁfllﬁ§°t§rt%ﬂ than pyhien i és gefrased; Tois Aerreaht

pul se, the QuDWLEAE BOMRA TRAEEAL botk 40D dolip 16 ptth qts' ngﬂdEl'a'ﬂH ah NeC SeEadpRLEd ent
pul se, the 15 output o npar at or 142vvr go high. The tine at whlchthese
pul ses occ@w@énnbl@ thqrenlm abthe piiel hdhd RG velat@gfr asmspenpaemréé‘l illb increpss with
conpar ator r S sane
et r arcsts 8B A SRRAFIEn 1 Mk and Bonsh Vodk 1362 Tt 0GR bR 4
comparator 158, which goes hlgh 1f this value is above Vthresh6, which is determined based on

the component values. In this embodiment, the DC bias voltage can be varied in any manner, and
the output 160 of the comparator 158 will be high when the pixel is actuated, and low when the
pixel is released.

30 Figures 21 A and 21B are system block diagrams illustrating an embodiment of a display
device 2040. The display device 2040 can be, for example, a cellular or mobile telephone.
However, the same components of display device 2040 or slight variations thereof are also
illustrative of various types of display devices such as televisions and portable media players.

The display device 2040 includes a housing 2041, a display 2030, an antenna 2043, a

35  speaker 2045, an input device 2048, and a microphone 2046. The housing 2041 is generally

formed from any of a variety of manufacturing processes as are well known to those of skill in
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actuation and rel ease voltages because the voltage as a function of tine of
the applied voltage ranp is known. 20 Another possible test circuit is

illustrated in Figure 20. In this enbodi nent, an AC signal is placed on top
f DC bi . ' i h i xel at o
Ot pent "ur e LERBHRIRh R ARE s S5 At BloBROE el g,

i s rel eased mafhirsmAby ofis vaeiety ofaaserins, detuditi ®dt duy limited twoplagic hodthl, gladdGublespl ed
path to ground and an AC coupl e to rqqund on_the ot her plate of the
Dol Ohe B poitingt caorbaetenbeot dp ofesartent BE Pegs 0T ineBuS Fepugls ng
AC current bhbiiendinof $hewh) el mANBe inhiddadd Gamafier dmovable pdhiofis ¥OLiffagf dofor,
routed to a conparator 158, which goes high if this value is above

Wt hresh6’  wir eantaimngdifferens lages, palyes waymiolie conponent values. In this

enbodi ment, the j I } : t put
160 of the corrpa?g% gifai%g@jvgf}%‘i%%aﬁﬁygﬁspy ghﬁg%%dlgﬁl%l%?agglgg?ﬁat d?Ma}t%}f?VF’ow
when the pinckidingsa bebtekls atispl:3) aFidgseribsd BdrAinaibnd o2kB eanbedigists.ethebdispddy 2030

di agranms il lustrat a odi nent of a_di vi.ce he ,di spl.ay
devi ce 2040‘%@‘36%%?§?p89ae r %“E&S ng’rpfbll:g? thi%yﬁgﬁﬁeéfﬁ ’e‘fré%ﬁgl}‘l%g as ﬁmfé@:élr ,
the sane coapeBentsosfflatpmpl dypleevichas 2QRT Gt hHbdeved, balsivalknbRe t(elbsear €
also illustrative of various types of display devices such as te]evisiaons
and por t&bi &f sribinghgrtyHeweverier Ryrropis £ derevibing the pregent sabetimentathe dislangl39041

a display 2930 4eaR i@Birs0Mere Mbdulafr didplay REMSEibed Adrein. @n 1 Nput devi ce 2048,
and a m crophone 2046. The housing 2041 is generally forned fromany of a

vari ety of manuf &bt enmpegeniy ofws sobodimenirof eyasiplark display devieeiP4@ atsfscheiapigallyn .
-14 the art . I By i i n m. f ] N I i 540N,
the hous, ng WA Wt SRl EL e B0 B RERIR pBA L Buen BT, o
but not | i nirddedntiochpleasitlitionalneingbnenglad feast partlabie enclosat theest. aFbicexampleqin one

conbi nation thereof. In one e di nent .t he. hoysi ng 2041 i ncl rempvabl e
portio ni ( nwbogﬁ?)%ﬁ)thet ﬁﬁf”pﬁ’%ﬂ%@a}f ﬂ%"é‘:re@hé‘ﬁ 6’@1(5‘3% % ‘?Ft%?rhé’?ter&l%@ﬁésg’&hét ’H@Pf? ons
of di fferenin £@dnfk 20435v¢h B RBIFN I AGaklictil@nent, TiRAASsceRkLIA &SconfdctedYsTdel S.
The display 2030 of exemplary di sgl ay device 2040 may be any of a variety of

di spl ays, ~PresssdiZAgl. avhinh.is cameeted| fosonaifioning hatdsare 282 s winditionipg bardware
enbodi ment sy S Whsh fd &lis di Sl iti

ol s, EL. 2Upany YRl ool d5aP e, RlepRRBtaf B it ghirg ndver
non-f | at - patk idicepicatpd tg L bpealer 20ERTnd R wichphorteuH6deVhe processori 202het lalsknown

br esent “enpistseld o spylb Pl cour B sy [ BlePY AT TnP e iaBh RS, o
di spl ay, ascaigkdtd DiesindBufér1028The te dirpane diivcer 06220 wRick bmeh Reoiplalfto axiégpial ar y

di spl ay device 2040 are sch icall. illustrated in Figure 21B The

1T sty at ot B o potrSHPely ADbn pulemater el GirBeonsnn on GG Jodte PRI an

i ncl ude addideingRA disRIRRIRELMAesibgast partially encl osed therein. For
exanple, in one 15 enbodi nent, the exenplary display device 2040 includes a

net wor k i nt er f acEhexmspyork Hpterfaog Q08 g dngludes the antenna 2043 “and the transceiver 2047 so that
25  the exemplary display device 2040 can communicate with one or more devices over a network.

In one embodiment the network interface 2027 may also have some processing capabilities to
relieve requirements of the processor 2021. The antenna 2043 is any antenna known to those of
skill in the art for transmitting and receiving signals. In one embodiment, the antenna transmits
and receives RF signals according to the JEEE 802.11 standard, including IEEE 802.11(a), (b), or
30 (g). In another embodiment, the antenna transmits and receives RF signals according to the
BLUETOOTH standard. In the case of a cellular telephone, the antenna is designed to receive
CDMA, GSM, AMPS or other known signals that are used to communicate within a wireless cell
phone network. The transceiver 2047 pre-processes the signals received from the antenna 2043
so that they may be received by and further manipulated by the processor 2021. The transceiver
35 2047 also processes signals received from the processor 2021 so that they may be transmitted

from the exemplary display device 2040 via the antenna 2043,
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an antenna 2043 which is coupled to a transceiver 2047. The transceiver 2047
is connected to the processor 2021, which is connected to conditioning

har dwar e 2052. The conditioni ng hardware 2052 may be configured to
condition a signal (e.g. filter a signal). The conditioning hardware 2052
is connected to g SpP Q4

al so 20 connected teﬁgﬁﬁﬁﬁ%ut g@?%ghZéﬁéaﬁnpagwﬁgﬁggnggﬁfpg 19%-Ogg%tThe
driver cont nmtheeralt@ﬁ@@elesnboclmwpt aetvwonk antérfaaerd@ 0l tdnebe @@Esechmdam (unagaesomc«s,ay
driver 2022 nturn is. cou di.spl ay array 2030. ower
supply 2050"BFBsThL® sbEEPS ey B lstisfed Wbl P g5 S PE e oy
exenpl ary dicupeayinde\d €igitdl OAdoddisd gMVD)TBiea Redwckdrivetikdt fods@ing Gddgel died, bel@s
the antenna 2043 and the transceiver 2047 so that 25 the exenplary dlsplay
devi ce 2D405UBRr BN LERETHEY W287EAr nore devices over a network. In one
embodi ment. the neltk dont gedcpy BREds R%vAbR BoliRih STULREBRESHAN dovice
capabilities to relieve requirénments of the pPocessor e arntenna
2043 is any2&ft e’ﬁlnapl‘romsvm ZO@Itrh@S\@s ofata, schlds qomptehepdaintagé drtatframshei natwory and

Cgnal s acoBRkGe0 b R T BERtsE Rl act dRal By T el e B BBl

(b), or 30 tabis rdamlﬁmtéamd 1euﬁbamli1magetdatat e @fﬁcmmazmnmmﬁcs tiengtodeezdidnes RF

signals ccor to th UET tandard. In the_case of .a_cel] ular

t el ephoH E Gfeetmirofie 222 PG e ?fgrc?z%zgéor SR, Rt am“ajrrefj S fefhe
known si gnainﬁarﬁlﬁtﬂin Aheidds@bst e GRARTEU PR tcBistids LR BelR 10t RKBINCAI ImagBhone
networ k. The transceiver 2047 pre- processes the signals received from't he

ant enna 2043amgls, uplimagp eljareesgyisties Craéé‘éi“?leé(ﬂb"y sadratiqn, prdespy-sealsilpel at ed by t he-
processor 2021. V. " from
t he processor ZOEB%S %)61 lt%gltlth%;é/ p?b%esggg%t ?a’%gjr%p{ i?@g;%&g%gﬂﬁ& @%)? éﬁ%ﬁl o

di spl ay deviopgol2ipdfatimi af thhexamslan rdapﬁ@@ﬁvxce 1(5101 mmmtxahlnghmdeéoarmm;aﬁent

the transcei ver 2047 .can by. a rec
Hl'ter nals venditss dTRGATS g il F eevicR 655 | e el g A iR ge
sour ce, \A/rmgdalscfmn HeahRropho@eIRI6 At GnidBgiag dalddate0205 rSdNbe dha:rétbleorﬂlﬁ@eﬁssor
2021. For exanp t he iqg%ﬁy source can be a_digital video disc ﬂ§% or
har d- di sc dwfh}’éﬂtew&?m@ea{t PRy derrigg g04fa pnmay pe alcoeoeeﬁtwmrethﬁrpawe%
gener at es i f{RY@oAGInBats.Pr ocessor 2021 general ly controls the overall
operation of the exenplary dlsglay device 2040. The processor 2021 receives
data, such as cohsrétysedontivere2EPattakes ithiraphinage aserdencrptad &y fthe prop@sor 2621 an
i mage rc S t
that 1 o eodtiry AR FOEERE DSR2 bohhy SOtk P B Sds 30 DRSS BEHTL s
t he proces siexdgajeateaa;ipﬁmmtelmbr Highspeedamngmisdidreto tﬁé)aﬁayodrivt:nzmﬁar&ectjﬁcfaﬂle,rthéz028
for storage, . Raw a icall efers to.the formation tha t|f|es
the | mage. clitPRnr e 2P et et A oG e r ot s RS AOT Mags o s Hingr
such i mage suttehacit RisiaSihECordeasithle fdd dean@f @ErossIRd d;a&y &fay 280l gmyhe@ralee

e

| evel . In one epbadi nent, the processor 2021 includes a_m.ccraocontroller,
CPU, or | quogtrq]lﬁr 90%9Osends the formatted information to the array driver 2022, Although a driver

'"(D

25  controller 2029, such as a LCD controller, s often associated with the system processor 2021 as a
stand-alone Integrated Circuit (IC), such controllers may be implemented in many ways. They
may be embedded in the processor 2021 as hardware, embedded in the processor 2021 as
software, or fully integrated in hardware with the array driver 2022.

Typically, the array driver 2022 receives the formatted information from the driver

30  controller 2029 and reformats the video data into a parallel set of waveforms that are applied
many times per second to the hundreds and sometimes thousands of leads coming from the
display’s x-y matrix of pixels.

In one embodiment, the driver controller 2029, array driver 2022, and display array 2030
are appropriate for any of the types of displays described herein. For example, in one

35  embodiment, driver controller 2029 is a conventional display controller or a bi-stable display

controller (e.g., an interferometric modulator controller). In another embodiment, array driver
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control operation of the exenplary display device 2040. Conditi oning

har dwar e 2052 generally 15 includes anplifiers and filters for transmtting
signals to the speaker 2045, and for receiving signals fromthe m crophone
2046. Condi bjBnd ; ' e C e 1.1 i

exenpl ary d?g%ﬁg&%fg\%ngé@@i%?ﬁ%r mngiltgﬁeeq!salg%r%%gerra@%g%@w Ip {??fﬁmp%%ﬂp@%{%:ugg% or
2021 or ot Heplaporiponeanbadimére, ddiivee cowiltr 202D ey inkPled witk thetdnmy averi 208 e
dat a generated by the processor 2021 20 either directly fromthe processor
2021 or 11 oW TPANERBLE RO man 25 NEHl PeParTare T oh B b e
appropri at ekad diet sihighres pRAEyS. M8 RSIENSHEGMBoAinicRE dBplaRNralr 2080 tis 2@8ial display
Specifically, the driver controller 2029 reformats the raw i nage data I nto
a data f1owiFavPhd Bi-vade dlisplaykardolnet 2 display ingluding tanhaay; of j ipierferpelyic

sui tabl e fop, aq4R9j ng across the display array 2030. Then the driver
controller 2029 sends the formatted information to the array driver 2022.

Al t hough a dri veth@Bpaotevice 2043 akpB vy hcagohthe GBeretiert obthe exemplay displap
associ ated w th 4h stem processor 2021 ._Stand; al one | ntegr

G rou ¢ (1 el Zont B BhE P ISR R ity iR KRR TRV Y e
enbedded i nkdybeard 6oL REpIne XePdhdps bithtvevieh, rbadaadtivascida, Phosessorhed021
as soffmare,,or fuILy integrateqpin hardware with the array drjver 2022.
Typi cal 18/, AU MEPoERs-v P 0pg 2mbodiment; dBe pHgtortoRfePtR ds PRABRYEYSh 45 B t he

driver 30 SQRbRLA di§lay?@dRe 208, " $hek MRScbMfonY ROAPis dRdProl ifR dika RARIdEGLe, Set
of waveforns that are applied nmany tines per second to the hundreds and
somet i mes t Yotgs@meands mebaiprorided biya bes dertdeatrolling pesapions /f the guamplary dfsplay
pixels. In gne.ephpdi ment, the driver controller 2029, array driver 2022,
and display array 2030 are appropriate for any of the types of displays
descri bed her ei nPovweosuppkalflean includne vardhy efdnerdy senige ddvicesens acowglt kdowarin 2029

is a convention di splay. controller or a bi-s e display,controller

(o 0. < Bn®The BPF Ev b Rin BB B dFene e Pbpad 2 § BBk mefes o
array dri vedicket-dRmae BatteBy & LIANANbh OtRty. dfiaM@her@nbadiRiens bakéruslile PbsBYs a
driver (e.g., an interferonetric, nodul ator display). In one enmbodinent, a
driver cont®eavable epergy squice, AcaRFrigreer anolan celhdanchidinga platiseplap eglb and sglprigelhn

enbodi ment L5 C @R RBb &Rk, bW EILASIL 05 R LBABRUCH BRikSdwet RomPRRES,
wat ches, and other small area displays. In yet another enbodi nent, display

array 2030 dquileta typical display 5 array or a bi-stable display array (e.g.,
di spl i ncl udj ' : | : .'
et ob Bhap") e b Bl B AP F LSRG el B RH R TR | P

devi ce 8 al |l ows op on of t I spl ay
devi ce 204Contralleondicerimobi teatd in wepertl [dews mah@Eld@ranitadispdssysteelnzane caach as

a QNERTY keybqgard or .teleg@one ke a(ﬁ a(%tgrn, w.tch, a. .
touch: sensi OIVE PREEUNEDIILY SRS i be at5p fivst 2080 JBie Aiobll il il reqogmine
enbodi nment , thithRe BBovE-QRBORR Jfikizaion @ﬁy'b@ﬂhﬁgleﬁ@f_{tb@ﬂl b nichr o€ %R Md/or
di spl ay device 2040. Wen the nicrophone 2046 is used to input data to the
devi ce, software components and in various configurations.

25 While the above detailed description has shown, described, and pointed out novel
features of the invention as applied to various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details of the device or process illustrated
may be made by those skilled in the art without departing from the spirit of the invention. As one
example, it will be appreciated that the test voltage driver circuitry could be separate from the

30  array driver circuitry used to create the display. As with current sensors, separate voltage sensors
could be dedicated to separate row electrodes. The scope of the invention is indicated by the

appended claims rather than by the foregoing description. All changes which come within the

meaning and range of equivalency of the claims are to be embraced within their scope.
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voi ce conmmands may be provided by a user for controlling operations of the
exenpl ary di splay device 2040. Power supply 2050 can include a variety of
energy storage devices as are well known in 15 the art. For exanple, in one
enbodi ment, power supply 2050 is a rechargeable battery, such as a

ni ckel -cadm um battery or a lithiumion battery. In another enbodi nent,
power supply 2050 is a renewable energy source, a capacitor, or a solar
cell, including a plastic solar cell, and solar-cell paint. In another
enbodlnent power supply 2050 is conflgured to receive power froma wall
outl et. 2HwﬂﬁW§Hﬁ%°FHﬁ? igent ati ons control programmmbility resides, as
descri bed above, in a driver controller which can be located in several

pl aces inl.t he leethod of deteuris pigaope oy otk wf an actesivn vohisgesand @onleass|voltage

pr ogr amedfialmicyoeteesomtechaninaltdeeicaythayethod wempdia®. Those of skill in the art
wi |1 recogni zepplyliftat 1dast tebiffereeetictrigsbtapilsnd aelbaso Bndidlyctide comli@hent ed in
any nunbep sgifi dedegwar e and/ or  software conponents and in various

configurati On%ietegén 'lJ:ert §fea m\éﬁcedcﬁ: @ddeﬁtdre Eer s viRas: Shwyn.
descrlbeqﬁgggg)&gk e&HE g fea ures of the invention as applied to
d'é%r

various e Mk SS

subst i tutl| ons ‘% aé@d 4 Ie '#B%%'ﬁag&h)% éf)et ahals'%'é ?Pfahd & é°\7|a(lt:gﬂ§?t process
|IIustrat823ift 28@" ”B%rﬁl |IIed|ntheat wi t hou artlngfrom
t he spi rlt o ENREME B ° 56&4@"‘“@ llage prid rijepge ta&"p%ﬁsé‘g Gt ed t hat

the test ¥ tnRsg %‘r?@éiet%mﬂﬁﬁgﬂﬁt?tedﬁﬁmﬂ B¥C%eparate fromthe 30 array driver
circuitry used to create the display. As with current sensors, separate

vol t age sknsorkhe neadiidiofiséainidd whategdsaidbdeser paming comprises Heterminihgsvhettice scope of
t he i nversaidomspossd indreatt ddnhythtebteld.appended cl ai s rat her than by the
foregoing description. Al changes which come within the neaning and range

of equi va.encyrhefmdiil ¢l ctdii®, dherelsakiPdatiih@ e@epidet Bérdirgheidltageope. - 17 The
i nvent i ongeGéraied®H shid clebirods. method of deterntni ng one or both of an actuation

voltage and a rel ease voltage of a mcroel ectronechani cal device, the

met hod coppri Sl‘h@Qn ﬂ‘?d?ipcl% eﬂg ZaRNhL:I%ﬁlS% &éﬂé?ec%é E@B?P&ets Qén%ﬁg' %n%f?{f%%' al's to at

| east one efl:re &.1cQupl. devi ce; one
capaci t ance de Sgﬁae%}{ e%fﬁ%hse of said device at said at |east two
differ ent electric potentials; determning, based at |least in part on said

response ‘a st'afliBPlgy XS CBRAISRE at said at least two different electric
potential s; artd agey ef wigiosestiomechaniqgbpiels corfaugrdde pirsentshsplay dasfe 2and
rel ease v-tsblt@f@ldbia@é&}’ systemf east in part on said determining a state of said
devi ce. 2. Thet kestlvod additioiahimierbslectiereehaisd pketibates moimegf s@dpr i ses
det er m nimigrosteetrtv@echanical pixels configured to present display data; and
a sensor, configured to sense an actuated state or a released state or both, of said
at least one additional microelectromechanical pixel.

6. The display system of claim 5, wherein said sensor senses a capacitance
dependent response of said additional microelectromechanical pixels.

7. The display system of claim 6, wherein said sensors comprise current sensors.

8. The system of claim 5, wherein at least some of said pixels configured to present
display data comprise interferometric modulators.

9. The system of claim 5, wherein said sensor comprises a comparator.
10. A method for compensating for shifts in one or both of the release and actuation
voltage display pixels, the method comprising:

determining the actuation and or release state of at least one pixel; and

modifying driving voltage levels in response to said determining.

11.  The method of claim 10, wherein said determining comprises determining the
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said response is greater than a threshold. 3. The nethod of claim2, wherein
sai d detecting conprises sensing a voltage generated on said electrode. 4.
The nethod of claim 2, wherein said detecting conprises sensing a current
flow generated through said pixel. 5. A display systemconprising: an array
of m croel ectronmechani cal pixels configured to present display data to a
user of said display system at |east one additional m croel ectronmechani cal
pi xel that is not one of said mcroel ectronmechanical pixels configured to
present display data; and a sensor, configured to sense an actuated state or
a rel easedctsdtvhandbr eidabs st@t ofaitadt piatl. | east one addi ti onal

m cr oel ect ronechani cal pixel. 6. The display systemof claimb5, wherein said
sensor sepses ﬁrﬁélﬁ’(ﬁpéftc%ﬁﬁﬁnsaﬁﬁ FRAGBhpdrRERARPEdRhcSH LHiGflL) ddvitRadaid

i cr oel echiaRRChARGAL dabmha e o bth 95510 uﬁxaﬁ@few& e§ l?a‘gg'f twherei n

sai d SEnspy r§f0?19 lgsgocq EJ%}I ?8@1% izfde ice m?gl?dggd%éce (a)akagoczgn\g:?;gl n at

| t
|ﬁ?2rfzsgeﬂg?l?]?t5 Srpﬁﬁfgjlaﬁ%’}s“ npgrt Ogﬁ% ?f’gﬁf“&f claim 5, vvherel n sai d sensor

conprises._a coqparator 10. A_method for conmpensating for shifts in one or
both of the rellbagethodfgiindei whereww@a!g@ﬂam@rm ynpsissedeserminiag fret hod
conpri si néppagitnes aepsndryt elsetrigelresponssrriseid ableastonenizel- st ate of at | east one
pi xel ; and nodifying driving voltage |levels in response to said

det er mi ni ihg. 1The Mbthodref Heith &F, vdeadimualdat ledseos pixdabthpeiedsartest pixegthaonpr i ses
det er m ni ot part of-dlBewshleldisplap. and or rel ease state of a test pixel. 12. A
nmet hod of conpensating for a tenperature dependence of a display device,
said nethod cRUNpiS RYicEesBpAiAE:NY one or both of an actuation and rel ease

vol tage for at,, i %Hnﬂ&%eﬁﬁ%ﬁhm@ﬁﬁQﬁgﬁ&%ﬂmﬂ%%@oﬁ ¢t di splay device and
nDdlfylngnﬂg&%%%D gﬁﬁﬁ%ﬁgﬁ Raranmeters base east in part on said

determnin ai d er mnjn onpri ses
det erm ni ng. a m8 %F@ 8%% eh%f H%H (ngdé'(?tvc\@‘ia{é%ﬂ v‘?l §f)8?| 5" G° ‘éogia 986 | east
one pi xel ? atd fest ry AT 12, wherein said at |east one pixe
conprises a test )i xel that is not art of a viewable display. 15. A

di spl ay dé&&i cel laysisgm efrelaimy Sy h@fell]fﬁadﬁ ddeastencodditionnl cal pi xel s; at
| east onemigsegmechanical pixel is separate from said array of micromechanical pixels.

17.  The display system of claim 5, wherein said at least one additional
micromechanical pixel comprises two or more micromechanical pixels placed around the
actual viewing are of the display.

18.  The display system of claim 5, wherein said at least one additional
micromechanical pixel is fabricated during the same process that produces said array
such that the physical characteristics are similar if not essentially identical with the
phystcal characteristics of the pixels in the viewable array.

19.  The display system of claim 17, wherein some or all of the sense circuitry is
shared among said two of more micromechanical pixels.

20.  The display system of claim 17, where said at least one additional
micromechanical pixel comprises four micromechanical pixels each being disposed near
a corner of said array.

21.  Adisplay system comprising:

an array of microelectromechanical pixels configured to present display datato a
user of said display system; and

a test circuit configured to apply at least two different electric potentials to at least
one electrode coupled to a microelectromechanical pixel in said array, detect at least one
capacitance dependent response of said device at said at least two different electric
potentials, determine based at least in part on said response, a state of said device at said
at least two different electric potentials, and determine one or both of said actuation

-19 -



m cr oel ectronechani cal pixel; and nmeans for determ ning one or both of an
actuation voltage and rel ease voltage of said test mcroel ectronechanica

pi xel . 16. The display systemof claimb5, wherein said at | east one

addi tional mcronmechanical pixel is separate fromsaid array of

m cronechani cal pixels. 17. The display systemof claim5, wherein said at
| east one additional mcronechanical pixel conprises two or nore

m cromechani cal pixels placed around the actual view ng are of the display.
18. The display systemof claim5, wherein said at |east one additional

m cr omechéiageakndyielease yodtagabrsed aftleast dupartiiy seivedesaimgnipg aslatesofishidt pr oduces
sai d arradevisuch that the physical characteristics are simlar if not
essentially identical with the physical characteristics of the pixels in
the viewable array. 19. The display systemof claim 17, wherein sone or al
of the sense circuitry is shared anong said two of nore m cromechani ca

pi xel s. 20. The display systemof claim 17, where said at | east one

addi tional m cronmechanical pixel conprises four m cronechanical pixels each
bei ng di sposed near a corner of said array. 21. A display system
conprising: an array of mcroel ectronechani cal pixels configured to present
display data to a user of said display system and a test circuit
configured to apply at least two different electric potentials to at | east
one el ectrode coupled to a microel ectronechani cal pixel in said array,
detect at |east one capacitance dependent response of said device at said
at least two different electric potentials, determ ne based at least in
part on said response, a state of said device at said at |east two
different electric potentials, and determ ne one or both of said actuation
-19 voltage and rel ease voltage based at |least in part on said determning a
state of said device. -20
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