SYSTEM AND METHOD OF SENSI NG ACTUATI ON AND RELEASE 5 Field VOLTAGES OF AN

| NTERFEROVETRI C MODULATOR Background The field of the invention relates to
m croel ectromechani cal systenms (MEMS). Description of the Related Technol ogy
10 M croel ectronechani cal systens (MEMS) include mcro nechanical elenents,
actuators, and electronics. Mcronmechanical elenents may be created using
deposi tion, etching, and or other mcromachining processes that etch away

parts of substrat I I | ayers to
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formelectrical an evl ces. type MEMS device is
called an interfer omY@LEAWEMINWREER@WNWﬂmJ%BORat or may
conprise a pair 15 of conductive plates, one or both of which may be
partially transparent and capable of relative notion upon application of an

approprisate electrical signal. One pl Bhekgroapd conprise a stationary |ayer
deposi ted substrate, the other plate nmay conprise a netallic nmenbrane
suspended the stationary |layer. Such devices have a w de range of

applications, amuheifitld¥dtedneatiRRRick € Blcroeiebirdrihatidal by3tettsi(MERES)and/ or

nodi fy the characteristics of these types of devices so that their 20

features can be exploited in inproving existing products and creating new

product s t ke DRN¥ENAL ReMBE TRERPIBEVEl oped. Summary The system met hod, and

devi ces of ‘tThe Tnvention each have several aspects, no single 25 one of
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part on the deternining a state one or the actuation voltage and
rel ease volin ély:earatceufdleqeeqﬂdione@bdlfb/rthanhﬁrmlsmmfoﬂlmriwpesaafs#squ that their
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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 nmeans fqr.determ nipg, ,based at |least in part on the response,
a state of e?etcﬁlﬁ PaE! %'Safgtefrﬂ’é‘ecgt Ef%égl%‘tale"l% Raftron dhedrtermiming 2 state 98 rioftls and

means for d@mwﬁ'imMagknﬁadqreleb@tdaua%far&d&&rﬁﬁwati on vol tage and rel ease
vol tage based at least in part on the determ ning. 10 In another enbodi nent,
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device and a driving circuit configured to apply a voltage to the

m cr oel éct rddifrsestt aleteiapotartipisde at laast sraplesirodenoneled odhe devicg@ndmeans for detecting
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di spl ay¥syst em ilﬁ%%égmp?f{irﬁf'}’iga Syatem{pr “B?"%OEF BEP%EPFWEHH?H Yf’étfigepﬁnﬁel s
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actuation \QfbAaQ6nfedo el AR Fo¥RlrbAA Ranila? ddWi i?g&ifﬁh%%r detecting at least one
m croel ect romechani cal el ement. In another embodi e t, a display system
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apply a vel had&iidat RerddlcChRlaalif00Ea0ANI cal device. The nethod al so
i ncl udes coupling a sensor to the 35 a mcroel ectronmechani cal device, the

sensor is confi dupeesthef gmboadimentt rigspiey shyeem tinadudes eh erey pEaicroglesyrpoecheniofl t he
m croel ectr j cal Lce. t t ' ent (Y
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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 least two different electric potentials, and

2-



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 m)vable mrror of a first interferonetric nodulator is

inarefl ec% ¥ihier c%nﬁ% Oy for Beciérmlﬁlﬁé‘ b%éed%t i “f“f'n é arl m {Plggesdc')x%% WS UPFtﬁmdé%lJe' xed

m rror and er OMBt P16 1o isina
non-r ef | ectaltﬁe at dast” twadlffq::renstl dldcorit. po:t@nEhnghe séhsmsalsao datarirenes fohe ok bath af them
i ncorgor ating a 3x3

illustrati ng one e

|t ort e omaepRion SRR Spd e il el [ e R e PR bl 6 vt or
position versus applied voltage for one exenplary enbodinent of an
interferonetric nodul ator of Fj gu e 1. Fi re 3Bis an illustration of sets
of row and col um vol t ages thab—@&}vﬁglﬁgggﬁﬁékﬂiﬁ$% 15 an interferometric
nodul at or di spl &Ygurdi194¢ @ndMoinkedridSticdt agpi@hg QX§Jm$@rM bicarmbedimdhrs Bf ay dat a
in the 3x3 interferonetric nodul ator display Figure 2. Figure 4B

i 11 ust r at edntgiiRsOBstEaOgYIglox fllﬁnlwgmdvla@raamwra@le migir efifisbintpisromegianeduianit may
be used to éc')\';d b Qetlelvel foﬁ“&l*@ oﬁus?wate gédeta%uféd%i&&cé%r frﬁaa?]ﬁfeﬁ%lﬁo?%ﬂ fen of

t he device Figure 1. |gu Cross section o alternative
enbodi nent myfvatdeimirrref 4 mcmwrfcrommmmmbtor 15ﬁngmpmr£‘©:tnvs,ca off’(’)s@tmcu on of

an al tapnat ive guhod ient,of, A0J ALELE SLOMRLE! e TRUMALRor SFTRUL 660 70

schemat'i c/ bl ock ag Fam of one- e € sensi ng “Srreu
Fi gure 7 |3nogrpaplnngthBsmresfbnongtra melutasgdisplay. tinme response to a voI t age

pul se for an terferonmetric m)dlat Figure.8 is a sc tic/bl.ock
di agram of anot I%ég”re o'di drdgragy © %’f é%sﬁ’%ﬁloeivre&?? t2PPY gﬂ[ﬂltégleqr s*®§r aph-

i1l ustrati RgensplayEmBtimsts of ir ﬂﬁrtb@&ﬁ@msla)dhmtoaomgﬁ[age pul se for an
interferonetric podulator. 30 Figure 10 is a flow chart of a t@%ﬁ sensi ng
process. Fi gur e Fieprg B éaPllWESH@“% %@Fté fom apd cp g ltagsHthah ey b to&/‘HI"f’ages

for setjsi ngn aRGretdsddidHodulatsrQép@ly. i Nterferonetric nodul ators. Figure 12 is a
bl ock diagram of a state sensing apparatus for nodul ators enbedded in

arrays. 35 Fi glﬁrgérel%lgusaaﬁ@w e ¥ratitlary firagg caf Hbyplaynditind im gt 338 f intgrferometaic

sensi ng proeesStor & i ® a bl ock diagramof a display incorporating
test pixels. -3 glgrel I's a graph of voltage versus time applied to a
pi xel which may Fmrqjgbdﬂustmtes one exemplary timing diagram for row and column signals that may

be used to write the frame of Figure 4A.
20 Figure 5A is a cross section of the device of Figure 1.
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 modulator.
30 Figure 10 is a flow chart of a state sensing process.
Figure 11 is a timing diagram illustrating row and column volitages 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 applicatjon of Figqure 15. 5 Figure 17 is a graph illustrating
Lhe 1 ming of L RS 08 ¢ B6Ph o JOEs NEUEGRRBPIES ¢ BNg WO BEY SR OPHLP
embodi ment dekrnand/@b h@a@fiod Qh$réfeatd \fdiﬁ?jglpﬂfdnaﬂteifé}oﬁeﬂcwmlaﬁ)ﬁd current versus
time response which may be used to determ ne the actuation and rel ease

vol tages of an FHUEr fedrietymaion g ratibrhickmay be usesl pdletermainp direaciuation ang
circui t whirgbypoitap& Wil Be IEIRAE FrRB iR ofEdeUphliBRoPYFigtd14. 6l ease

vol tages with the voltage versus tine voltage application of Figure 18.
Figure 20 is a $igvenkltis e geaph Hhvolrdtisg thertistieg efdhg cishit af Bigniedpt whi ch may be

used to  deter Ml heuackal bonodRKRRlaRaPo Pl 4AeSal: Gl ey fer prgl i c

nodul at or. Figureés 21A an are system rans tratin
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i nterferometlri C rp)dultatfors.t .15 g)gttai | ed Description of Preferred Enbodi nents
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mul tituyde of different, s as defined and covered_by the clains. In this
descri HSI oﬁ‘fleals%‘f‘é‘ia%‘??d'@tt‘ly@gﬁﬂt&%e Y556 Hive §PUARF “’%H’é‘roé%fgufel e 20 parts are
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be inplenented in any device that is configured to display an inage,

whet her i ndpigmiesithe ectyption gadysisyseyioltages of agrigtesferpmetgic modelator.” | nmge), and
whet _her t_eXt ualkjolfes Q!IRta H'Z@b 'aré\é}gﬁm%cﬁ(lcﬁﬂé&ﬁﬁsl Musél'a{in% &HEH&HQ& 3F QQisEehat
the invention may be inplenented” In or associated w a variety of

el ect r oni c digpley devsresompriang a plutalityef intérferanestric modwiastys| e t el ephones, 25
wirel egs devices, personal data assistants (PDAs), hand-held or portable
conputers, electronic books, GPS receivers/navigators, caneras, M3

pl ayers, cantorders, gane RosiidDescription off Prefamtdrelndimdntcks, cal cul at or s,

tel evi si on noni tor fl.at ,panel , di spl ays,. conputer .noni tors to. displays
(o g odomoter i dplongRt afE actestRaf ¥ unkRTor cSitrer ik eprdiduetifbay’ of
canmera Vi ewsentlod. FHowetkrsk ayvenfionccah dakmbodisi i@ armilands ofditfeRhCva)s as défatr oni C

phot ographs, , el ectronic billhoards or 30 signs,.projectors, archjitectyral
st ruct ur es 2"hEVRE ibﬁéf?e Calﬁ'ﬂlsagg I%H%a‘?sﬁr‘@iofld@te?ﬁ”é% ‘S('B"'.“Jﬁ.t? thfi i’ﬁw&ﬁs Bhere’i“ es on
a pi ecepof pjrewWed de¥ibnatddEMmh HeMiveREalOhrovBut. ar structure to those descri bed
herein can al so_be used in non- displaz applications such as in electronic

swi tchi ng devi cESbodiments of Eieriayeshign Ppy: derseieranérd injasp dayicetpioicprifgured to
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Figure 1. In these devices, the pixels are in either a bright or dark
state. |n teimakgripigierial.” Mere particudananit s contgmplate et thegpieaforehanemimplegfehiedt s a
| ar ge

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



-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 light reflectance properties
of the "on" and "off' states may be reversed NENSfE xel s can be configured

to reflect ASFHOASHINGHARY Wsible hg‘ért%erléed SMiep i the ganky; i gesed etethedigivay in
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pi xel conprtisstanes NEWES“?Sn@feﬂ*PerOOrr@tKi i ‘eff holdigh anagrbe IeﬁefS@Fre B pifelretsnsbe an
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non-reflectivé state for each pixel. The depicted portion of the pixel array

in Figure bemeztdhsbseenivo pesitienantn theyfikst pasitionerefeired tOrimnm aSttbr relensed stafealthe 2b .
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reflective layer ustrat inTare eased position
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patterned into parallel stri formrow el ectrodes in a di s | ay
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formed;gs %f@arueqayepﬁaraoanmsh@ded 4 re@aséafpoat.gﬁ ROS bre@aermﬁealdldtaar@ FroMla filedYers
(orthogonal to the row el ectrodes 16a, 16b) deposited on top of posts 18 and

an inter vemﬁlﬁg“)BGﬂsﬁb’Fl]#}ieélléf} Fntherintgtfergmpisisimasylatnst idbean the sighiodhesnavsble\inen
t he sacrif . t; fy Y,
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conduct i vere‘;ihcti\reér‘f}’ﬁetﬁbi ve material such as alum num nmay be used for the
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device. Wth no app &S0l I ns
1l4a, 1@a amndletthe, and may be fabrrcated, 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 colum, the capacitor -5 forned at the intersection of the

row and colfuifitdet eetidtedesioRbf hheow afd asiMnetdhde ehe HLLRFTATIng BRI Remesand
el ectrostatic forces pull the el ectrodes to_g%et her. If the voltage is high
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(a dielect rrﬁ(ﬁ/amia?_élj iSlieWie@inil  BREd adaldsUfit HRiEGyer (a &iBlestril h@keris) W 880t
deposited on the fixed |ayer to prevent shorting and control the 5
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Pover  PC(1 )i tRMxéhTil dnbodienf e cle2uBhib Qbvitint Bis&: ;%'B&%ﬁﬁ%@rwhiéh”m%ﬂ@ dnyoN,

t he processor 21 nay conprise any special purpose croprocessor ‘such as a’
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sof tware applications, ,incl udip a.web browser, a telephone 20 an i cation,
an emai | prUGPRRTESE Sishy &eHar SoR! BB oLIRERERCURT of ¢ PRERPTBEERES AIR ot e
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or part in hardware, saoftware, a conbination thereof. In one enbodi nent,

. Qr
the proces&$fules Iy adfitien &A¥GeHiiee? COBUBEAFHFRANEL S alhe HIcE35°r BBhtFol | er

22. 1n one ¢giamdh 1% Bkecule MRe AF hdYe oRMbFCOlpbRdatid, iRdflditdaswa Browsdl! d ¥Rphdrker CUi t
24 and a 25 columm driver circuit 26 that provide signals to the array 30

The cr@s seRicRtsm, o emaipregramyoriany efbersafiutre RPPIEpRar dt vill bs apprevipedat Heot| i nes
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for converting control signals to"a voltage or voltades sufficient for
driving the cembiagtiog@herdoh one enbodi nent, the display control 22 al so

includes a fra Eﬁg ;rglgod?f'ﬁlent, Jﬂ"g 0]::55 beyfafsg o fyg%geglatjol%m. ﬁlcytg%thsa'ﬁqr}a I ent
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plurality ofnttoller2 dhenbufbelise®thaseyaduasiicadz owbidys prowidiedciomit@dahd of t he

col umss 208ueRa & GLUE MR STl [0 nd % 567 ThE"EPULLEE 260 B6S
illustrated in Figure [ 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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i n whatever st w strobe put them After being witten, h pi xel
sees a pot éne ﬁia&dyohtifw eoltage differanhé of athet 5 valtsabet thatythey redoint inofhaBver syadé the | n

Lhi S SXampl g sliesol SR CafBiERG! 0 K0k, 231,00 | LLAL 30 ARuFlaure 1

st abl e under t appl'ied voltage ton er an actua
rel eased pr‘smblmxmsmdong o Batwelts &thrsexaamda ﬁxykhmmfmatkhsthe pixel desigoifstratad in

nodul at,or, ‘whet actuated or released .state, is essentially a
Copac, 2Br " PR B Bl SR aRa ol SPERREE R sahe g arused i iobethed
state can beisthl atat Stnce GatlngieMoft the ﬁnt‘éﬂﬂa&mﬁ@tﬁ& @fodslator,\Wvhddieey inviciehacllaredsdr no
power  di SSI%?'[I on. Essenti aII nQ ¢ flo’%zvs into the pg]xe.l

appl i ed pofershiaip.gs ersgaiplly 75 ?F"Pygqr@a iXed ang ey ing 1g %Car%limfﬁaf

be creat ed stiic asH@lchi BY Helte aS 8voRhgeC AlthiAMthe %ﬁ@&-il@dﬂmdm Wath CAMOA e piWdr N the
desired set of actuated pixels in the first row. row pulse is then

appl i ed t odispigatiopnEssertiably mp sereent deviatd thypixeldf the ?d%ﬂlléd eyFHiabisdel ng to the

assertegd col ump, ki ugﬁappmﬁmﬂ@ s.leailg;ﬁ% g&he aay 60l HIRg %&%@ge&ﬁ%%e ks otf REMmn
changed to corresg@d to the desired set of° actuated pixel’s in the second

row. A pul slectrasles meascergipict exdthtthe desised whvobactllatedtpixsirein thectigtrorng’ révepder is
appropri at g,pi, Eﬁ%g vf/b l@helro {&‘)(()éefgle@tr&%%’cfa%ﬂg theflikdls LR sARARE 6 theCRLHTR column

el ectrodes.
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
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pi xel s, beﬁé’c‘dﬁghﬁ'thls tdﬂrﬁn@h)‘@ﬁesmﬁé'?’r}“@# Bw 1n colﬁrﬂﬁs ﬁarZi VAL ber 34 Boltd, tadd E\dlﬁ'&ﬁﬁ)y" Row
| is then stro pul se that %g fromO, up to 5 volts, 20 and back
Btag)

to zero. THisst Tadt5uaﬂtesTblhéor51n01yhaag@ of@nxerxslmmausela@dqulmmem iB)
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colum 2 is set to - , and col ums are volts.
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pi xel's (2, 1Pxelam Iihg al‘rasy)e %re ec & "I% seto row, aspdeéclgeld E\Ir%r% & st se toaywﬁl sean%f E}Ct ed.

Row 3 is sPh et ting Colums 85 urm 1
to +5 volt$.and herersavwoa+fst/dlf9b§hs ahse tthube 2pplicdud Bovpl ¥dll Sheasacahepixel (2, BHiagdr e

BA. After witing,the fr the row otentl |s are ze , dt col.um
et ol s ke Mt ) AT, WaSal SN ARLERIK PR Bt e HOu 'S sinf R

stabl e in they safii@aganndt af 3 bl GUbRs, 44d cdlbmivi lth +B&oRP PTIRGLALEGobd1 s thbe
sane procedure can be enpl oyed for arrays of dozens or hundreds of rows and

col umg® | % Pielspsdhopa lfaﬁtﬁrrééﬁat%%rrt“ﬁalﬂg thsdramenthp gow potentials are zero, and the

column potentials can remain at either +5 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 5A 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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pi xel wri t iwhether b @hblefrainbés wiglee b @ive td hatcima) lal i @lunp fricstaté buffdtdantbie e,
all the col nn tri-state buffers_can.be placed in the. o | ed
confi gurat P lyciy é*ﬁ;ﬁ’tpe‘b{'i’é%‘a[ed}ﬁ?“@%‘f{?%“rﬁ"?f‘@t PHEOMmAS On&awlrﬁféﬂ% é‘é‘fe' ot %e%he
row drbyer Thhev &pRl iega htegauwoamh Hoktd @uRstoRe Fov diBRroliOVorRliMiRg fhegﬁcel to be
containing the pixel to tested, which charges up in response to the

i ncreased \‘FéYefi’a‘gﬁléCh %rgéﬁem respopsed s ircreassrbvaliags: yeshoya inEgureethgivakaee v | |
i ncrease | @crﬁﬁsﬂ?@@ﬁﬁ Wil iddMaSe RRBIPoRY 1Y ahst é}ﬂ»ﬁed %lég&&rﬂé&eﬁcmm tﬁehec et i e

constant (ti) he circuit. For a single pixel Tnisolation,
capaci t ancéorlsgmt (meofdbpritehitaferer sfgle Meel ipisglationsthe C@m@lltatnh@isrﬂ@sqamcam opthet he

Fesi stor oh e MRt e o et P R R P i d
vol t agés at fi ﬂtbrereilsslt 56 haf mtghB& wWaed in haiepiwithlthSbw dedtnda | Bw wipsat thertes
state (e. g'poiin{.I 51{ \Qﬁen tﬁelz S&%l 91 1Sstir?‘ El (?()w \é\gplaclxtalrl(:r!:csriza e ?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 ©/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 Vi, at some time during the pulse,

35  where Viyyeq 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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but oneo aducﬁlnmarge poeising btmenctthzat oaltHe tdhenrpedxredng ard s&nd’ebeoﬂﬂmdeﬁltl}be Thtsolagd by
a single p e,.since char current | d be eparatel asured for
Gach pi xel HPOHGeH e & O Reb i PP oran SSh s te KoL SO oty
these enmbo@hsmnttine eifee My be a sensor dedicated to each colum, or a set
of current sensors could be sequentially switched between |fferent gr oups
of colums 20 sltrctHrdancsy Wy theoprinciigs ghope.afieuss 1 pe acBP‘t‘j‘rk'ﬁ“cUP‘it@Ht‘% %y e
sensed CONGYIHAHY Ip¥ocestThSddié@finin€ BP G TR Rios#UME 0P En FHAVBImdi@Rodator. A

enbodi nent with a sensor for every row, but faster than one at a ti rre
sensi ng> | feshederigaprdied i the pivsbatsteprivi p’ttéwé%o?v'éﬁpaqliag@r@Pq@emgesdoﬁsleéfwﬁlhart

| LT ustrati ngaR m&KEEP! &Y ¥oPELGRSsobAle 96 RHalath B BhoRAG ReRimifil £8 SHural ©

of an interferonetric npdu
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 determine the state of the pixel. Pixel state

b nt { For t h
SenS'ns con, b N SIRPSE Lk RS Tl S5 i SRR BT
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be perfornmed i n g wdlédnyatioh ovvay§lastﬁﬁécewanmlsﬁate@npslgaﬁa 107 A ARV itRig W S
change fromthe desired state, the driver circuitry could be turned back

on, the 5t ridugpgthe revirls liedingg Qb @gowantastiting 9%iseatsredg 18 din Brsheottionek 18l s onl y

those rows pehb& Boly RN Y84 Porseh 3 alrencoﬂﬁ’ec%@‘ii@ﬁm'erdﬁde Sit@its, argehﬁgt pﬁée 9@¥‘Pab99tU| d
be skipped. Thi's reduces the total energy required to update di spl q"‘Fy
CPProngd

Pi xel st atd vadiegrdesigs epnbled tarayo 1bhesaidsca @éy@c@;sth@lemawgmpméepfenmr
process, %f%?erﬁﬁy% nﬁo%%re&?ft BL X6l St i tﬁer EctMédtstta‘%?fas Eﬁﬁ%@ bl Rg Cﬂ{?{ged to

determ ne i WETtTen correc fow cou
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[ tiopn of this tinme rowd;laand colum 1
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are connec el gmpfiEde sharg argen fhiap penezlly e 3@93 g\ﬁﬁgﬁsﬂ 5, P wn el ¢
or less is |aRp! hadwb@d m@f«fﬁally beSecteame), hdRd pakoKRe phii®ls FaBSink JNCK: epaident
response of pixel (1,1) is nonitored to be sure it is in the actuated state

as shown |ﬁompﬁﬂ%f@ﬂwpulsrmegoctwsedrtea@a%t@&EWWIS&u%ég the writoprogesy Whendhe pieli ng
subseqygnt SQOJeMgOt@sctecpfs bdt€of 9%? e bOSL of b By pTabx&dSﬁél@r{helQengepm@éaE %{a§ Hehe

r0W2I|net|rre or alternative y, repeats the row 1'line tine if
det er ni ned seheithat giee eympiex eTlph sschosaysp tlreoﬁﬂstJPUhavseamrb‘pd bre @ entise r%*cpf gnxels

written. Fohuf LH[GDR?IF%OI? ftank lol" ang}%rﬁgpr?éegselst tﬁ'ﬁrendeXto n %gl S&gﬁ%{cg '15 hr? th?hown

| arger than génera esl re est ti erio
t han woul d enknﬁrra\hflejcctwdenMetbs aatyrn cahmtnh@ecpuﬂe; and |tlme cpgebd otfstdddry Ilhesctlatng can

e Vel SNl e oL APE RS Py A5 PHLAS BEH P IRE R PR S ISP S 8,

during the °#r pi-X

| ar ge aor ayigafe 2. gﬁieldyﬁm}i}&ﬁkﬁd:opinxﬁé @padifascet veitl thie mig: mt@@ﬁﬁs pfii&lybeli]% temrm’anhat
nore conplex. This is bec he test pulse is a an entire row of
el o P ritice it bomEaTar ShPRet T e Sheirer e Bt e b TRBHERE B ¢ he

capaci t ancgighfici¥2 € Thérb €an L4 el @pdc@ie eb@mhg Baﬁeaqrmpgalm difBdréHt PovesOthat WRare the
el ect r ode, and this can be affected f%ﬂtthe relative states of all the

pi xel s i n ©SHBe FUWN plseirqdgs tThe mracHea! stfent oF §ris tsribat it way bpadvagtageout gvasytheshown

again in 2Qufkl gMk ?erio% 3 R WO vARR! orftRH Qhed RstlddSieAPRGI i ¢8w, Webdndlig ohhe
state of the pixel being tested, but since there may be hundreeds of pixels

in t he 28 owherstates @b s iothetipiaels ixthe .t he remai nder can be  si gni ficant. There

tcﬁg al so be capgqistdeifnhditdl LaRBe REANREBRAXEYS. ORe UnbbEMERtnEMNRY i Bbushar €

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, Viesn, 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 tinme period i/3, the Vthresh value, or both,
when testing pixels in a g| ven row, depending on 25 the states of the other
pixels in the ro i [

enbodi ment illus er}epaé%tag R&% @%Eéﬁﬂsnﬁiﬂeﬁ rﬁ{g E:Sf e‘gceh r%]\!’/vedwﬁl ”egn SeOfd of
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peri od haviotgrall v@w3thpasitahsdl Medtkdnage asli def@ibed@aBoveet waesestial e5ppr@mﬁtet ke
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an appropriate va , resh h, to test the pixels in that
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row at step 106, At step 108, a capacitance dependent reSﬁonse to the puI se

i s measur ed® Pagsibl @pUSii‘ttS merhed fPRiis B q“saf@ér%bé‘iegdb%tdtsélset‘ PRSPy by lirgted

determige ke i 3hgPinjRied $ht6 tleSdwRhayle diftribud&l thAW hoavth%%uﬂat@dsl 6fHQ§§xx€@d
durations for the prI er] state sensing process may %e sel ected based 10 on a

vari ety of itlasvay dut fssompligatedrang diffiiculs tonprgdigie Psltﬁaﬁwtlw Bdihbe ssilected dased g
charge inj gat &y E‘Rf&lae Rﬂ&esctj,@ggglg&rphéfé&édaﬁ)?ﬁmm&%ﬁl S Itébslfhatl}séﬁes%%lé et th@”d

time profile can be défin at a pre- cte rge 1s 1njected
into the pipstehtial agplied| tostbe gfixel tdgri@aﬁa‘cptoawseemfahmet all tintehivgthira dw, hysteessis

resul ting mt{tc}o%%% tt?alg Eh% ?ate sgﬁm gées%(’foes {IOQ?tStJ:lP étnt%{;ﬁseqhél st%t%l 9P {1)1% glxglrb%lnglsgns%é]ne

pi xel capacitance

array as wdhibs, tlhsud!rmet mlﬂmda\fautagmsly rvayply ehel dppropedle bis siohage Vike rﬁinap;gﬁng a
injected i ngo the Pldstrl %}J% gh Prou hou t he hun [eds row
pixel s i nebreiag pphe SRR e b R T
durations weslathg fe em;t lﬁ@ls \hﬂﬁ@edth@lrhre bl @dotglielg. ho Yidkdidan Wdk R whotypicpiuh ses
preferred for tine s is of course desirable that the potential

appl i ed toStqtéh%f@téP&e&ﬂwbvqlﬁﬁe A RRESYISHE R IR &Y HEredt VisPYes within the

hysteresis W ndQWheOadvidbgebiiCapplidtitn §ﬁ§l§él%&td0§eﬁﬁﬁ>§§ f0&serMind the 8lthatiohange
the state of the pixel being sensed. 20 Thus, the driver wi |l advantageously

suppl y 2 he aah priesst valfageshpha Piest-t Adés saiche weful dppaugs Higseavoltages 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 1138 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 typi cally) such that the applied pixel

vol tages are n f ter ndo h yant a
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tenperature dependent, and shift Quer time a V\Bh her, t eratures
ond to. shi ft "t NENE PORBIRIe Ry PIRGIo RGO g OO BIogs b DRDieg 1 Seri
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can be det g ﬂ%‘ﬂc@%p‘ﬁh@%ifdg@a%}éus thﬁs‘trQEd }ﬁeﬂg&}le 11896%he U3 Rk QAn W6 isteBp eldr{@,ge
data to an array of pixels can be nodified mat ch the current piXxel
behavi or. Arodh zom @ye Yolegy thefriaebayg themxaewﬂa@typ@m vplthgel u;1§t:rr2éltc@ddlhwswgmfé 14.
In this emqg

vi ewi ng ar eag%%gq%leag ?aé%{?ﬁ% ‘r?gds%bjot% %@tﬁfgfh&ﬁaﬁqe@{o%%{ég?&g ate duri ng
the same pridcess vohage Ipv‘etbcth@es&et Wil aiteyd, agd gus wnlhaet dtthcﬂeqaﬂymgdm test. Pixel
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the actuation and/or the rel ease voltages of a capacitive M i xel . For

exanpl e, t Hfaasition, yicsigruse 9 iseaplisdips B@Cﬁ'éﬁdfaé?‘f?ea he, gprapisiale ioldagss §¥e‘i‘i"é%ts i

vol t agqs aGiRfsred aP udiked, HAGhS PRSI H8te (i GetShitleR a@teac%%ageofék/éleq{a%@éstﬁgﬁre This
isillustrated in Figure 15. The vol tage can be st eppe fromzero to a
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performed to determn Pxel stare | ev the "pi xel
wi || actuateed daatebnt his will be detected during the test. Pixel 10 voI tage

can then be st ee’?%ues | Xefl ??dlmsggtt g%ira}lt aen% p ()Per\z{t?onwtga} can 1m¥¥n m%n? tl}zszgr{le(?h dA J Some

vol tage | evel ease i's by
the tego r é&gmket B. Th mthBlgHj’cEméIﬁ,, a tekrgpulse lid aigai ﬁntaeqanea&f(m@peml;i anfl @tepgaclowat ep,

but it wll ci.ated that an step size be used.. Duri each
step. af t eroPaies BIORY el Sum s apRlFd e ORT et R oS OB isds M MgR, 4

test pul se ui|v23mg$u@@@ hé esliags coteensd 2ad 2bov®. 125henRRRIMBPbhPlt R dua@RStoOr
currents are 15 nonitored as desired, and the pixel state | s determ ned at
each vol t ag8ltaseFapvertes iR dBs mpyy Ofiﬁéom%@&t?;ak%sorﬁsawewrlév e Vbitheaglt! sigrelpe

det er m ned aRychelploethitddl Mlsein&htos bRRu&a Utk dult dludtiot NADURsrAVANtiagEUS] Y,
the amplitude and duration of the test pulses are |ess than the step size

and durati epd dﬁprglmde@onea therfgst PRise [pragyess 1t @urgntapulse ghroughhthe jtess piyplethiattdeeryst hat
can i npl emeRkh Epﬁrem cgjatedgpaxéf LRl %Qeleaﬂgtﬁ}g\?{n q@%@ﬁ&nai Lortford tRul se

is added to a series of stepp up an st eppe
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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vol tages and the signal sumis applied to one side of a pixel. The other
side is grounded with an inverting current to voltage converter 124. A
switch 126 connects the output of the current to voltage converter to the
i nput of a t LKl S @n ttached
to the test(“ch Sleh%é)g{ u&é? B%e%%?fg%géggi tﬁer&dkﬁajfe B?% l|1"1‘(5er‘1jl & r%{eaﬁe?“ta rated
in Figure Ebf%pamﬁatde@develbe:dthabmyepaﬁdhckdm&n puI se produces a current pul se
t hrough the tes x l, th ec much sl.o ate i,xel .than
for a rel eased ‘Tsels 8?@%?“%?6‘% °f Gy \AEmf’Wétmgtgﬁtrfé‘%g? BWQB‘gg%@WEt he
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t stiites urgent e e Gol stra is- Will
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35 repeat ec? seq & Tv Oor "each test pulse, and the series of conparator
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the pixel @oticamipataty@utpefl Willbowahe R vatiRd thaGH o\ rreh @ufnen banagldle ¥9st
illustrate another circuit inplenmentation that can_be used to determ ne

act uation &HEEN @plesdhe byt a&e%mwt%{ WOstil e g xlgyring) the sesang, girieggtlssnthe he

pi xel 118 | REHEATRImPAradr [ Rill 2 HifPt THeSin® £ WhEBTRAE §hlsdsDcbit@al b BdterRined
charging time constant and the time it takes for a pixel to switch between

states, théydayingeechygutnut ipelsy Siop thewompirkierststep ¥ aespeiive icgunterniddd!4gpthatTisi s
will be trfdteteaugt{(l;hle shipl€ tiRle XL - &xﬁlﬁﬁgﬁ&eﬁo T ok il c%h%%sﬁaggtehhﬁq the

capaci tance qui y I ncreases. cause a current eto

during t he attnatiogiand osleaso veltdgegbecawp it tadingreasst BunetionQrf tirheof faﬂppni‘ad kroltage
downwar d, eaneecgrrlld current pulse in the opposite direction (quickly reducing
t he charge o the "o pi xel capacitance) will occur. These current pul ses
can be2det ect ed Abhythtdsgible et dircaft ishllgued IFighm 20 hinsthB rinbodinertf an AQ eignadut put

of the curren 0 volt onveter 24 i s coupled to r of arators
140 and’ 143 PRoglOn WPt a Pgr “olrepand SapPiecS il meel roussan Mies Sargiag
current is vssmmbxlv thraughl tA€ piikEIBwien 8 pixdl W dc@iated AHnSEhentifie réles@t THH Acan@aﬂ at or
140 will go i ng the second current ﬁl se, the 15 out put

of
conpar at or 0@4? \ﬂFthteng‘/ meﬁmgﬂ?éh £ ilfe couplegatn oy graund ad @& Cowupled pah the

det er m ned grdaid B@-’Iﬂer@ﬂ]é@@ﬁi& SUhPHkePUR O LAM:t RGoEAPRIE PIaSvifitiRReaBe with
respective counter 144, 146 that is started at the sane time the ranp is

start ed? wer%w]ﬁgrcuvamtub@ualawe pexehandgbiongleerpasiton fhe Thigoplizgeiivwulgdde a
rel ease vollages.PEgaWReh Lh. N Fa8evAR @ b3 Oth@bhe0Tvhich B4R rmid8 baRR L €d

vol t age
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 21A and 21B are system block diagrams iilustrating 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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ranp i s known. 20 Another possible test circuit is illustrated in Figure 20.
In this enbodi nent, an AC signal is placed on top of a DC bias voltage and
is applied to the pixel at node 150. More AC current wll flow through the
pi xel when ththart,prokisling 1sjeamm@lé@g,t@dwaW@rfommg sinradfligign. dbie hopsing 243 may beent
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a display .device 2040. The splay devi ce 2040 can be, for exanp

cel | ul ar  oringhyiss p dlat-eanghienlay. sudhgwelasha, Bln OLERS TNOHpR et %@Ddﬁ §§‘51°§9€d
devi ce 204Q,0¢., §f al QAL 1a¢ ?ﬁﬁe@tﬂsﬁ% shdtels QAR B ot e d\alnl:éJ §§ [saﬁéll\’i&oml t/@bdcOUS

types of display devices such as televisions and portabl e media players. The
di spl aylOdewif ekl 20t aitnElowels, far propestswf dggbing thedispitambodigent, ta dapler At

2043, & S ARGRKEN AN R A LIRS Bi1 G2 a200R, g & i crophone 2046, The

housi ng 20 I'S genera a variety of manufacturing
processes as ar érhmbmpdmnmmf b dnitodimeof of&kemﬂlaw lisplhgl deviee 204D arel saldmuticaily

made {1 om ARy are i GRF £ S WEED SR int fss a0 TR ae el 3T

pl astic, nahdkan @tiassadditidabiegompondits £ @¢aaipactiall rendlodnikréial iFonedahplegOf onel N
one enbgdl nment .t he housin %2041

cl.udes reppvabl e partions t shown)
that nmdy b&MPRTEFENEAGE ’t/I‘?‘SBPHg?"‘?ee%%@/&Hf@esp%P?WB‘Efsm%’Ff“&@égq\@h’t‘wl&gg]
5 or cont aiafafenfdi2bh e HERA id REMEd tol tahbbeREr 2027, ?NJME&*.%IMN& @ugh@eyedaeag of
exenpl ary display device 2040 may be any of a variet dis

i ncl udi ng RrFSet HBIVRIFS 5 cqpneckd tyeeitiopiag hh‘@Wéier?05¥ nTBﬁ ?fé!fht@nﬁéaarﬁmes
the di spl aléO??ﬁ’lQ{bé R&lrigdRe tacﬁﬁd@ﬂonpaaa@lal Sl a s@yﬁjﬂ e &Jnaﬁmm Fhrdw@k ED.

STN LCD, or as descri bed above, or a non-flat-panel dISp| ay, such
as a CRT or0%} kesonnedted tey ispekerad4s sanded mnqum 216t hdbe piagessér 3Millis alsa t he

art. Hopevep,, ff tooéra]’x{ Hx??teéevﬂzte BeSGid Ph tor é}ﬂ ?O;zg.t 72’2%9%%%“3}?9 'iﬁzéjlsslo' ay

2030 includes an 1 erometri ¢ nodu escri her'el
The conponeptmedad adnemednifedi 038 atd oftheamyrgtiver\2020, syhlichyin dew ismeu;ﬂémt@ aa:h@lay

h ticall (k] yst r at d | | t ed. I
dovi ce. 2040 A0SR ebrag S iy Redia et pepaiRl el bir e & e Bt s
at | east pakémpliry Misplag losedothassenn. For exanple, in one 15 enbodi rrent, t he

cxerpl aryd1Spl 4y GeNy 52,2040, LT A0E8, B NeLNCL Kyt 1206 20T APEL
t ranscekvenrheXdiplas GgpiestRE 20400 tdA&ommunicate 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 [EEE 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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processor 2021, which is connected to conditioning hardware 2052. The

condi tioning hardware 2052 nmay be configured to condition a signal (e.g.
filter a signal). The conditioning hardware 2052 is connected to a speaker
2045 and a mcr 0, I

i nput device Zoiggggﬁﬂég ?FW@?ﬁggﬁt@§ °m§8§é¢}%ﬁQ)§%¥%%9%g E%%%? Ih? 029
S coupl echnotberaalfemarie I:Imtﬁcfdenenzﬁi}:&mahdntmtﬁacb 282 acambe chplaced b)?@ﬁZmagM'ﬂomhel n

turn is cou dto ower i des_ power
to al | comidirt Sl & et in S BT BR @RS R L A5 RS e g
2040 desi gnourddeanniet W@lig{tai vitler € €DYDP ¢r b hatdutiesdriveethanjoanin iRdge3dad) dr tahe
transcei_ver %}47 sa gg 25 the eéerrpl ary di splay device 2040 can

communi Cat °WARMSAYe Hiat grgrratey iNAsE 884 oy er " a network. In one enmbodi nent the
networ k i nterf ageocdidd20m eeidraley bausls $Weﬁll%%&§ﬁd)d’léf @R pldry UBBla¥ Gevice
relieve re%l renments of the processor 2021. The antenna 2043 is any antenna
known to t 88k dhe pegepsspr 2921t reeeingst dafag sughy asneamprespedyimage dadciEem ithigneverkal s.
I'n one embggiRRbA EIeanaIﬂ’Fagé‘%réer Qrﬂﬁﬁfbée%ses %ddafaeﬁ{%' A& Sim &dtg&aﬂn% a?-fb?r%td' ng
to the | EEE 802. 11 standar i ncluding TEEE 802.11(a), ( ), 0 (g). In
anot her entsdisrresstily prdsessechintsniay imegandan. tBleaJm@ersec%QZ\lebenF%En@lt@fnmosewddeﬁad| ng
to the I I t enna
i s desi gneggil;‘g&?_ g%glﬁr\?/tng@F Op&%t?fn ec%g% r 83 rﬁsgt%_rla ngi\ﬁﬁ} cg'lk Sﬁﬁ? rﬁé{g%a&g used
t o communi Gefornaripg han 1®nviﬁesetl‘esmagelcharaqndnsn® atedanip rlécatidih evithinaars ¢reageer Fi2047
pre-processes the si. received f.r na 2043 t hat they may
e’ s boer ved i ey trtne EpeREit e hd O e S RRRR a0 M -
transcei ver 35 20ént ant®AinithnCRSEEIsDE gwnallﬁclmcesemuadcd‘n&emr;GBU,prrcI@ssrﬂrtole

so that the transmtted errp dj s devr e 2040 via
t he ant ennég@g’?gpera‘tfﬁ eﬁ“"'&?\"@'r‘il%{ﬁ?y n‘é‘ﬁ‘@ﬁloﬂ’i‘& %8?“‘32%1217 can
be repliac e%clnmeﬁamﬁgwrsvard ﬁité}s mt trax&mﬁﬁherlgmst ertﬂatspééeerezmgdmmerat recBi®fngor K

interface 2027 can be rep % an i mage source ch can store or

gener at e i §i&gYs famahe aurseplseﬁﬂﬂ% @ﬁ@itpﬂnwéesbrarezm mﬂbPe diREIRtE1C8MPRIBIS | mage
source can yRfindhdbGnlp®lry VisHIEP d@UIC%Czo@P\@)magﬂbeqnéa?p’o%af Whifl rﬂevpﬁoéeslsar 20QMrai ns

image data, or a 5 software nodul e that generates inmage data. Processor
2021 generathleyCO@wnthﬂ@ﬁl s the overall operation of the exenplary display

devi ce =~ 2040. The. QLOGEIROS1e f%zb Eaggssihﬁa%v ‘i’rﬁ&%ﬂda?a“goex%&d%‘}”iﬂ L prRado  JBge

data fromthe network interface or an urce processes the
data i 2fo edheridregl ﬁdranaheoprocasstm 2@2f or fram the IﬁtamelbsffmeamSIgndpcibMS@d tamt O

raw i mage data., The 02 en send he S to the
G ver - goni Pustidal SpBboas 73 el k4 PO Ty GRG0 Rt Pacely! Be
typi cal |y wafercsnttodlet IIE9 reﬂ@ﬁmmm: irn 1mdgatdauadxaﬂh|dhla&‘&m1 Hnﬁmcrni&gﬂer-hke format,

characteristics at, each |ocati.o thin. an i mage. i mage
characteri §‘f°|hcf€ at &has pHEe QEET &y EIEV}‘msS&i“H‘r‘%ﬁcﬁ’ﬁs H&P@I[&Vays@gpe%ﬁwﬁr Q“Yeﬁ one
enbodi ment corfdtfa@edI20 &SR the GakhahtfiC lnfcdtStich B GE QaNHRRr 2002, (H?Iuoughra b C

unit tg_ control eration of the exerrpl ary di spl aY devi ce 2040.
Condi t 2oni ﬁ@nttﬁ)g? d?\Rg? Sughpsa g}ngm g 1s 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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15 includes anplifiers and filters for transmtting signals to the speaker
2045, and for receiving signals fromthe m crophone 2046. Conditi oni ng
har dwar e 2052 may be di screte conponents w thin the exenplary display
devi ce 2040, or may be incorporated within the processor 2021 or other

conponent s.oo3Ng Q%M@Etlo@@mrﬁm ek b%%&e td@sl;sf‘@ &n@r AW IRaereAalaidanaliaded by
the processor 2021 20 either directly fromthe processor 2021 or fromthe

frame buf f ¢isp2oRsinagig crdpdimant 3 drives coipller ARGels dueaiatepyith th arrag|dyiverci2hi gh
speed tran r I r
controller sg;glggﬁ ?tg?%d?nrréan?gs f’c{\n{e@ﬁa@v Hl'%%r lé] g% ?ﬂfgrgé gdc 3 C¥l Wlér\%ﬁ ?\%egl ‘I’rvlagéa{fs
raster-| i kenf othpesmall agaacksplayat Inj yet mﬁleaemquenaur,d@pfas @n‘@)amw if arypelahspiayg

ccross, She et ay Lt 2090, JAenhe, kst RISl Lo 200 E0R e

control | er i2@2Rtorsuch as a LCD controller, is often assom ated with the
system processor_ 2021 .a ,stand-al one Inte rcul.t, (1C

control lers may B8 ‘?pr‘r"b?%vr’ﬁfn%oeﬁ% %ﬂﬂwﬁﬁﬂﬁer%&%‘?gﬁ'ﬂ?ﬂmf‘?ﬂ?“ gkt t@rﬁﬁ‘ﬁ%@é’a ‘fﬁ?l%e
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fully i nteg(ﬁated in hardware with the array driver 2022. Typically, the
array driveryoeprsor pdelephopskaypsd popieh £ eyitshn g Srushesostive Ffa?ﬁne ﬁereasurev@f heag

controliper 24 aﬁ@nﬁrﬂeor n%ﬁe terhs‘od\rxhaﬁoth@%@mbmng 4835 alh| ﬁbutS@etvaffor the
wavefornms that are appli many tinmes per second to the hundreds and

somet i nes tKOUEARAEPEY dP\é%Ps“@o Yy lreg ther mierophene 2§76 sl usgd & apyt datatte ithe dgvice,
pixels. In.gpe cm%@ggﬁg FUGded B\ﬁ%ser%?éd’nﬂghﬁé ?&%ﬁ ns JF El@yexgr?b%r?rdl%pdgz

and di splay array appro riate
descri bed Hevied 340.For exarrpl e, in one 35 enbodinent, dr| ver controller 2029

is a conventional a ntr.ol,l er or. |-sta contr Ier
(o o et or Fawd! APy S0P BiE's B %?F%erfs”?fﬂge SRls PRl fhef
array dsi veite artlﬁ?oze;&fmplles uaor(e@:mbemtnemnpdwed BuppBr 2060 isa :kabhasgeal‘ﬂlh ®atebirg pﬁcﬂn)as driver

(e.qg., anln ric no tor dISp %} Inoeerrbodirrent driver
control ler ™ 55%9”‘ ’E'" ga%?f@g 'PH’"tlﬁ‘Eerér ngrtofhef gao M.Powghsd’ﬁpléﬁgs Oisa
enbodi nent rérswaKEBRAgy SduRk Hdapaditdf, 28k ablBCkedyint 10dg § PpLBtiasola bl bhakolphenes,
wat ches, and of her smal| area displays._ In yet another enbodi nent, display

array 2030 Ppigt Intayﬁiheraﬁm‘eﬂdgbqnawosvempa&y 29r0 i gnfigyragh treqeis, payer fiamhg vall g |

a display igpgdtudi ng an array of interferonetric nodulators). The input

devi ce 2048 allows a user to _control the operation of the exenplary display
devi ce28040. | nlvymedmplsaeniatans cprippl progapimebilinoegdesney dsssibedaegdad driviich as

a QAERTY ‘6&}%9@#»%191{ cdh l}e%&%%‘?e»‘é&}’ Pl%ﬂee é@th? léietcf?&uc @15@‘% %}éﬂ: . some cases

touch-sensitive screen, a pressure- sensi ti rane. In one
enbodi ment corttmépm@mphtblneremesan iths 2amay dripu 202 vTheee f)ﬁﬂkﬂt mgthe exwithicerepize

i SP1 3y deyf.2340. oA LD PLELORORLI:E080.1.8 HIRS sl el B Rl e
et B

S
a

device, voice coma a user fo icon I'ng operatlons

of the exelsqiibairﬁyccmmpémnd in varlous conﬁguratlons

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 ctrcuitry 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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devi ce 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 nent,
power supply 2050 is a rechargeable battery, such as a nickel-cadm um
battery or a lithiumion battery. In another enbodi nent, power supply 2050
is a rene%gbuggenergy source, a capacitor, or a solar cell, including a
pl astic sol -1, and solar-cell paint. In another enbodi nent, power

supply 2050 is qonfi Wh&%oﬁ%ﬂ@f@hilﬂzgp@%edir 610 1 &nWRhlatiod WbltRE .andQ deRagoe
i npl enent ati ons gont r ol ro mm[bl lity resi des, as described above, in a
driver conPlaep ?m\’/ﬂ‘i‘i’eé?? hgpical devits |“f'?th§’§\F@‘F‘H‘I‘S“Eﬂ aces in the electronic

di splay system In sqpm ﬁngae@astwalffedenm&grcmm& totmeraa%nsl@@c&daewﬁnearray
driver 2022. Those of K inthe art will recognize

above-descri bedt‘bﬁ‘t‘dfﬁﬁvtcail on may be inplenmented in any nurrber of har dwar e
and/or software Com%&g'{%sﬁal@%t loHe \éPeHrQ&iSre&%H%' QPE 4018 alnid Vit ﬁe%stttjil/%

above detail ed descripti as shown, describ poi nt ed out novel
features of the diffeventeledric pgtertpti ed to various errbodl ments, it will be

understood that vari (a%'t%rmlg fgsﬂs é)cpaﬁ ’1ea§t 1? ?)Erlt %n%j Eatu? Iéfspongen% s?at glsdbdew?(%]a esruufdor m

and details of the device o ess | e
skilled in the arlreasvwwm&breﬁie:mmrtclmg:nﬁxmmd he spirit of the i nvent| on. As

one exanple, it wll bea reC|a t he, test vol circuitry
e e e at o 1 reTHARB{RE PP BN of PR pliioh Tikest St S Tee vaftits Bedel

di splay. As wi t heagis paién S&IGRrminiiePAi@t e vol tage sensors coul d be

dedi cated to se arate row el ectrodes. The scope of the invention is

i ndi cated by thé appengetiod ohfam] a‘f"hfé?mtsﬁéﬁetﬁsmlf"ﬁé aﬁ@?%ﬁ’&lpﬁées&égeé‘?‘i“%l on.

Al Change%vh@#ﬂbz%&d%%@ns\éﬂnsté}bd'ﬂerttﬁher‘xat%%ld‘g and range of equivalency of the
clains are to be enbraced wthin their scope. CLAIMS: 1. A nethod of

det ermi ni ng one3or bdht methodrofaClaimatli oherow| saithdetentiale xomprisessensing ¢ yghagef a
m croel ectr, chA Gleledgyde.ce, the nethod conprising: applying at |east two
different & ectric potentials to at |east one electrode coupled to said
devi ce; detecti Hg at Theasthodné CHimdt mherain th@mpmmtrolﬁleMnldaldiewp@s ipgludedi d at
| east two d ff.eren otentials bas d at least in

oot oo gt BEERlo LAy dofioRIhE B S pEh IR i AR 3 | o8

different el ect |5| c themtelhadi sf Claimgl 1 dwelieesimbaid dgecmmgcmnprhmi fengifig s anrcenafibwat i on
O a0 A D 0B SR g8l 070 o0, o2 determ g 2
determ ning whet her TE@inethb€6POIABE], ivhe@raldQEspbRR s ephditaf@ivepshderd. The
met hod of d ai m 1 m@ﬁé%‘etﬂo?gf‘&agﬂ eﬁ(l:rghlepgorgp%ggrgl ses sensing a voltage
determining the actuation and/or release state of at least one
microelectromechanical device; and
modifying driving voltage levels for said display in response to said determining.
8. The method of Claim 7, wherein said determining comprises determining the
actuation and/or release state of a test microelectromechanical device.
9, The method of Claim 8, wherein the test microelectromechanical device is
adjacent to said array of pixels.
10. The method of Claim 4, further comprising:
determining one or both of an actuation and release voltage for the
microelectromechanical device; and
modifying operational parameters of the array of interferometric display pixels

based at least in part on said determining one or both of an actuation and release voltage

for the microelectromechanical device.
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generated on said electrode. 4. The nethod of Caim1l, wherein the
m cr oel ectronechani cal device is included in or adjacent to a display
conprising an array of interferonetric display pixels. 5 The nmethod of

Claim1, wherein,sai ctin ri ses sensi a current, flow ner at ed
t hrough said m é}'oel gcgyr%%rgrleg%a‘%lteglg% eVice. bo@? 0?%% aﬁé‘fl ‘Oondv%l?g%:la%q ﬁgi? ase
wher ei n saivditage spomseveiestreaghaiitdedcedapandiapt . 7. The nmet hod of d ai m 4,

further conprising: determning.the actuati and/or .rel ease state of at
| east one rTIr:1 cr oe?ecfr}eﬁlﬁeggﬁa%’?@éﬂg ﬂe@’i‘sﬁté‘f’o éﬁ@ef%a%‘?%ﬁ‘%a"ta?tfa\% F?ganP%taOQ‘%

| evel s for sai delitsqak ayupled tb efip@se; t o sai d determining. 8. The method of
Claim7, wherein said determ ning conprises determning the B actuation

and/ or rel ease st at e 5nsfor dxigcting atrlenst encrelesrisahigrnonsy of gaididgwice ¢ saigRblepstt hod
of Caim8, whepg diftthf dL&l phtatiag! ect ronechani cal device is adjacent to
said array of pixels. 10. The nethod of Caim4, further conprising:
determ ni ng one or b&ersoer deferarningthasad arepst bl pastsen sadd regpense.of stethof said

m croel ect rOWECB%e%@gaiﬂﬁgéagﬁiwo%%réﬂ?lgfetf,t}’i% (%e g{ ﬁ-fdi onal paraneters of the

array of interferometric display pixels e east in part on said
det ermi ni ng one or bowknsdbr dateradrtingerieon bathcbfseild @awetionololtagreandfrelrase Weltage

m croel ect rorrecF?asQa tq!:asp'%?argg? Sa%&.detémg (st em for determ ning one or both of
an actuation voltage and rel ease vo Itlgage of a m croel ectronechani cal

devi ce, conprisihg: Weasysteiaf Ciqpplly, wigrai sdicaptyidgvoeats Edneprzed a drivecdircuit.
potentials to at,leasf one e t.rode coupled,tpo said device; .neans for
ot ecting at 1 ot ot Sitm P Ty HS ikt Shd e ores Sriripa 30 bast

two differednbingtig@itr i c potentials; neans for determning, based at |east in
part on said responsg, a statF gwsai d device at said at |east tw
different electitc pbiehtid of Clam Mehercinopidygete deicAningieoneans coBBYss 8F sai d
actuation yglddaa .APHrd el ease voltage based at least in part on said
determ ning. 12. The systemof C aim 11, wherein said applying neans
conprises a driVer clhcestem ofi@laimrhb whestin seifvol@gy | determiningiyasass gomBpyisep a
detecting SW s&QMprises a voltage sensing circuit. 14. The system of

r

Caim 11, I'n said state determ ni ng neans conpri ses an operational
amplifier. 16. The system of Claim 11, wherein said voltage determining means comprises a

counter,
7. The system of Claim 11, further comprising:
means for determining the actuation and or release state of at least one
microelectromechanical device associated with a display array of microelectromechanical
display pixels; and
means for modifying driving voltage levels for said display in response to said
determining.
18. The system of Claim 17, wherein said determining means comprises a
microelectromechanical device.
19. A system for determining one or both of an actuation voltage and a release
voltage of a microelectromechanical device, comprising:
a microelectromechanical device;
a driving circuit configured to apply a voltage to said microelectromechanical
device, and
a sensor connected to said a microelectromechanical device and configured for
detecting at least one electrical response of said microelectromechanical device at said at
least two different electric potentials, and further configured for determining, based at

least in part on said response, a state of said device at said at least two different electric
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15. The system of Caim 11, wherein said voltage determ ni ng neans conpri ses
a shift register. 16. The systemof C aim1ll, wherein said voltage

determ ni ng neans conprises a counter. 17. The systemof Caim 11, further
conpri sing: neansteftpls atdtfer datarmingng ¢re cbobiatfisod asmatiay voltegeemdacistsatveltagt  at

| east one m Crﬁ?s'ec?ﬁtﬁ%aﬁﬁ@%@ﬂ%h?ﬁﬁd& G6, associated with a display array of
m cr oel ect ronechani ca i'splay piXxels; %nd neans for nodi fying driving

vol tage | evel s £@&r sahdsydiesyplf&}aimr 9y fegimonemprisingsai d determ ning. 18. The

SRR O O C T T —

m croel ect r omechani c&PTG&Pc
an actuation volsagesadigtocessoe beéiag eonfigakd agroets image ditQahect romechani cal
device, conprising: a mcroel ectrqnechani cal .device, a driving circuit
configured to apply QHWB‘IOfYa%é“’FH”g%ﬁ“&a OFFTHBIcA Witk hPoes IO devi ce, and a

sensor connected;to $Rd ShsRnHCCRM Qﬁ,tﬁxﬁﬁ@(‘cbﬁ‘n?}iﬁﬁé a 8tAIRr aftigarAftd GHaed for
detecting at | east one electrical response of said m croel ectromechani cal

device at &avt@ pagtion pbwid imagpdag Porsaiddvingriswitr i ¢ potentials, and further
configured for deterdi0gm @t?a‘?ﬂzg,tfurtllle‘? par tnon;sAkd ERFRONSRduIE,

b . I'%S?l’l
state of said device at “said at least two di &ent el ectric ~19 potential s
and for detenfiginadl trpenhmibimapeddia fsaidaratesot uat i on vol tage and rel ease

vol tage based | east . j el.efm .ni.ng. . Th Claim
19, fart her compri si bt SRRyt et d e dhne op bR E R Rl 0
sai d m cr oeteadftaraemeh) amscaler, ahdviaceittgai d processor being configured to

process i mage daf a; d a ne vice in electri.cal ,conmunicatjon with
D processor b1 hes BB o Ltk o R SRR I R BEVbI | o1
confi gur edinpet datandd &f conln@@chteaaidGiput @ita ©fsaid picdedsomge data to said driving

circuit. 22. The system of aim 20, fupther conprising an i mage source
modul e confi gu?%d t 0 nethied o aiaEI“fP"rrr%Rj@adéﬁpg'yt'sﬁt%icamﬂrr‘%‘g%ssor. 23. The system

of Caim 22, whereingsdingd ah TRAE oSRAKFGER HRAhSHIGP PREK $ESfigAted! t6 fkent Qﬁ?la?f a
receiver, transceiver, and transmtter. 24. The systemof Caim 20, further

conpri sing an i fgsuto g said displrydisemt o recei ve

forming at least one additional microelectromechanical element; and
coupling a sensor configured to sense one or both of an actuation voltage or a
release voltage to said additional microelectromechanical element.
26. A display system manufactured by the process of Claim 25.
27. A display system comprising:
an array of microelectromechanical pixels configured to present display datato a
user of said display system;
at least one additional microelectromechanical element, and
a sensor, configured to sense one or both of an actuation voltage or a release
voltage of said additional microelectromechanical pixel.
28. The display system of Claim 27, wherein said sensor senses a capacitance
dependent response of said additional microelectromechanical element.
29, The display system of Claim 27, wherein said sensor comprises a current sensor.
30. The display system of Claim 27, wherein at least some of said pixels configured
to present display data comprise interferometric modulators.
31 The display system of Claim 27, wherein said sensor comprises a comparator.
32. The display system of Claim 27, further comprising:
a processor that is in electrical communication with said array, said processor

being configured to process image data; and
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i nput data and to conmuni cate said input data to said processor. 25. A

nmet hod of manufacturing a display system conprising: formng an array of
m croel ectromechani cal pixels confi gured to present display data to a user
of said display syst %qﬂerr{ gy,r u%l Jtﬁ?a% n?rrrlll.?mc%qgﬁgvtgszg’!i rOFessor,
m cr oel ect romechani cal hd c (f 4 sensor. chn F ured to sense
one or both of &h acﬂ"hatllspiay mtdnagbClmmaZ furﬂieea«snpnsuigtaa@mmgms:altdoﬁtgureﬁl onal
m croel ect rtomaé: a}nl cal Ze 26. A display system manufactured by the
process of U8 '8 Onef'lgna OFSHIRY system conprising: an array of

m croel ectr orrec ham CThe mspay Sysz@mfof Qi3] Murheresmiprisiip Spdoattoliteantigural touser

of said d| s | a st em a ast ne addi t.ional m croel ectronechani cal
el ement , d gB?mo’&B Sfaf %‘H FtoSEALEVIBREIIt hot h of an act uati on
vol t age Or a rebgaseThy&kﬁ@g@s@ﬁl oF @ im 39 Huithe? Bathpribirg 0€l MG QIRGRE Modalk
pi xel . 28. The displa stemof Claim27, wherein said sensor senses a

capaci t anc éonfiguisd frsh Sf\* HASR da 5T SaklAreFeEsaEi ti onal i cr oel ect r onechani cal
el ement. 29. Thegdi smhﬁmsﬁxys;}@mnoaf Hii %Hﬁl%ﬁﬁ%%e%@hge ROBSOE ?Iﬁmpsratses a

current sensor. di'splay system of aim?2 wherein at | east sone
of said pi k%$t$>n@:@frﬁrﬁgmweadranicsl\’ptr egkEimnsulitepl ay data conprise interferonmetric

modul ators. 31. ;he Q'hg le@éy ?y%% Jg:cgin?gzaﬂuﬂh col‘n s %ee{rﬂ n;?l.g:;gvufs c%ﬁﬁ%ured to

conprises a corrpar ator. play’ sys
conpri sing recawq:)mpuxels&cand td@inmsidar seid équt dacato saadmmwmsoatl on with said array,

sai d processor eing confiqured to process inmage data;, and -20 a nenory
Govice i ef ect Phoal AcBfthim O sprals, £ HRPES o o SRube Seriag Gelihs
system of Gitadtioh 3/orfreledsd @610 0P test vl Absobidtad \n@ Said displdy. confi gured to send
at | east one sigpal to said, a 4, The disp st
further conpri s?%g a ! bomethed Pﬁ@%ﬁ% fgra‘wéaomlﬂ%%@s Hine iy V(a:l%‘isﬁ] gr?’fof
said i rrageﬂg@qsglayglggyoqse%wu B&e@ifiggi t . 35. The display systemof Caim 32,
further conprising an inmage source nmodule configured to send said inmage

3

data to said pr#®esshhe m Odvﬁgwéép apersipspihdesrmaing sAmAises frETBInesHE d

i mage sour g&umg%@orqggggggﬁ@%fggestélggst one of a receiver, transceiver, and
transmtter. splay systemof Cl aim 32, further conprising an input

devi ce confi gur éU t oThfr awtiodeot] Gipine atfiarthsn domprisiegrmedifiag alisplay doperaignal dat a
to said pr Bﬁgﬁé% based at least in part on said determining,.

42, A display system comprising:
means for displaying data to a user of the display system;
at least one microelectromechanical element; and
means for detecting one or both of an actuation voltage or a release voltage of
said microelectromechanical element.
43, The display system of Claim 42, wherein the displaying means comprises an
array of microelectromechanical pixels.
44, The display system of Claim 42, wherein the detecting means comprises a sensor.
45. A method of manufacturing a system for determining one or both of an actuation
voltage and a release voltage of a microelectromechanical device, the method comprising:
forming a microelectromechanical device;
coupling a driving circuit configured to apply a voltage to said
microelectromechanical device;
coupling a sensor to said a microelectromechanical device, said sensor
configured for detecting at least one electrical response of said microelectromechanical
device at said at least two different electric potentials, and further configured for

determining, based at least in part on said response, a state of said device at said at least

21-



38. A nethod of operating a display system the nethod conprising

determ ning actuation and/or release voltage of a test pixel associated
with said display. 39. The nmethod of C aim 38, further conprising nodifying
driving voltage leyels of . the display.in response t ai.d .determ ning. 40.
The method of cPaf fisEn SsraleoribER e TrhRRe SRt B RSB B B bl  ne
actuation and okndeleegseltgicduedaf least ingaitt opisxiédeteddininghe met hod of C ai m 38,
further conprising di fying dj splay operat.iana par anet ers based at | east
in part on Sai d*fiet eAnPAFMgRT ASEliecle oy YL oL AR AEHAITSTHGES AL AL P T

di spl ayi ngvélagaot dmRrodkeordchiticl dividenauByiatc By theahethRBTICIAMES.

m cr oel ect ronechani cal el enent; and neans for detecting one or both of an
actuation voltage or a release voltage of said mcroel ectronmechanica

el ement. 43. The display systemof Caim42, wherein the displaying nmeans
conprises an array of mcroel ectromechani cal pixels. 44. The display system
of Claim42, wherein the detecting neans conprises a sensor. 45. A nethod

of manufacturing a systemfor determ ning one or both of an actuation

vol tage and a rel ease voltage of a m croel ectronechani cal device, the nethod
conprising: formng a m croel ectronechani cal device; coupling a driving
circuit configured to apply a voltage to said m croel ectronechani cal

device; coupling a sensor to said a microel ectronmechani cal device, said
sensor configured for detecting at |east one electrical response of said

m cr oel ectronechani cal device at said at |east two different electric
potentials, and further configured for determ ning, based at |least in part-
on said response, a state of said device at said at |least -21 two different
electric potentials and for determ ning one or both of said actuation
voltage and rel ease voltage based at least in part on said determ ning. 46.
A system for determ ning one or both of an actuation voltage and a rel ease
vol tage of a m croel ectromechani cal device nanufactured by the nethod of

Cl ai m 45.
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