; e3e22, "x68T>WD 00l 73839 M CROVACHI NED ELECTROSTATI C ACTUATOR W TH Al R
GAP FI ELD OF THE | NVENTI ON The present invention relates to il h

m croel ectromechani cal actuator structures, and nore particularly to

el ect r ost amN@e7B83%act i vat ed m cronmachi ned act uat or st r uctRETASOV/ERSKGROUND
OF THE | NVENTI ON Advances in thin filmtechnol ogy have enabl ed the

devel opnent of ,gqphisticated integrated circuits. This advanced

sem conductor technol ogy has al so been | everaged to create MEMS (Mcro
Electro Me " en) structures. MEMS structures are typically
capabl e of @‘m “mm““\mm)pl ying force. Many different varieties of MEMS

devi ces have bggn,..created, including mcrosensors, mcrogears, mncronotors,
and ot her m croengi neered devices. MEMS devi ces are being devel oped for a
wi de variety of applications because they provide the advantages of | ow
cost, high reliability and extrenely small size. Design freedomafforded to
engi neers of NENM@nwfgcmﬁEmtemwsﬂﬁm RETUUTOR WETHMR &Rghni ques
and structures for providing the force necessary to cause the desired
notion within mcrostructures. For exanple, mcrocantil evers have been used
to apply rotational nechanical force to rotate m cronmachi ned springs and
gears. Electromagnetic fields hagg%igﬁgggggﬁﬁhﬁ§ﬂ%%¥e m cr onot ors.

Pi ezoel ectric forces have also b n used to controllably
m)\l‘/le mi cklgrrachi ned 'Bliel’pﬁéb‘eﬂtriﬁﬁenti@@fﬂéa’téﬂ tb Qdcxbﬂeétgmiecﬁafmf madt?oxcﬂtmemtds,at ors or
ot her MEMS conmponents has heen used to create farces for driving

m crodevi ces. €NdNUEPATIGRIBIY o slectrpypiinally aetiyaied mpcropaehined apmator siruchpies: b

| everages thermal expansion to nove a mcrodevice. A mcro cantilever is
constructed frommaterials having different thermal coefficients of
*150150* WO 00/ 73839 PCTNS(RACRGRD OFTB INVBERAIDat ed, the bi norph

| ayers arch differeptly, cauysi the mcro cangil ever to nove_.accordingly.
A sinilar nechani srézﬁs Vil %Hg‘EFF gy hayg ‘Eﬂahfﬁﬁ?ﬁi‘{‘?éﬂo?'ﬂ‘ér}tﬁﬁl switch as
described in Qo%hisﬁ@dtﬁlhte?ya&@%irgﬁﬁz Thise@baeed sdnicordaéieES iRy AbsAsdeen
used to nove structures, Traditional electrostatic devices were constructed

from | ami nat edbeepiensraged torqresi MEHST (Micts ElagpodMeshgnissl; Sypiem) Aryquasss: bl e

el ectrode vas pipves BRGNLS; &b plchitydapdble oPRBGESr a‘ﬁbl?ﬁfgrﬁ‘é@. Wady afffeterpd 1O a
base structure. ELectrlcalké energi zing the respective electrodes created
an el ect r ost at vasiefiesr fdMBEMSrdgticesfpve heenesrestady iwdlading gniergsdnserstaicrageargepel | i ng
t hem from each J e : i i nd in
U'S. patent 4, Teotags G 3R BohieEreBRLS” MPMS BB IR bR a0 R1cbOY

appl i cati ons, fout widkeeeictyafiapgiatians betaubetheopretvide dteed vamagds nElosi costs
suitable for m.njaturi.zed integrated circuits, bionedical applications, or
MVEMS structurg@ghﬁﬁ%ﬁlHﬁ@ﬂfﬁéﬁgﬂﬁﬂ%g ¥ ces have also utilized

el ectrostatic forceBesigh ffledem ATerdes to dngineére of MBMS ddViRBhad ledta st at i C

devices use relatjvely rigid cantil ever nenberéépas,,ound in U S. Patent

5,578, 976. Si ni9valoPRARAf VAR dephainuesang strugtires fapiovidinethe fofesspacessai 9 n UL s,
Patents 5, 258, &fde the défréd hdfion RitfBGniRtRrRot&ed . I’RP8xarfplé micRRMtARR s hhbe
devices in the above patents fail to disclose flexible electrostatic

actuat ors wi t hbegn paedita gpply resetionakmechanieal Soreete ratagymicrasachined sniings ang e
surface.  Q her  JEM, dehaedd Rl A5G U YEd SLAGLERRIAILE PRIMAIALS.
However, sone t hese "deVi ces 1 ncorporate conplex geonefries using

rel atively di fforeeshévenalsorbetmbirctassiullp beenastrhtiogurtsallablySnovieaniermhschinGP9, 565
and 5,673,785 use dual_ njc chani cal .suhstrates to ¢ t heir
respective el e%’f“l%’éﬁsatqonlrﬂlk%iqﬁeé?%&rﬁ@“boé\ﬁq%'é@%ﬁ 06.0%.” @?‘iﬁf@%‘{“ﬁ%’é h3%9 and
5,784,189 are beeh B tb¥red@i foiged PGS mite@iesickd. Anedsith P¢vazes fduRg iU Sps .
Conpl ex operatjions are required to create corrugations in the flexible

el ectrodes. | nPaePid7en]8.ovhach Ipygrages thyrma sxprpgion [ moY; ARHGLIYIcE AURiFEY

el ectrostati c @hgElEQMEonsiHOMEYESm nlabgiaR!HACHE QR rdn® tHeRRA lch&tGitRSks bf oM t wo.
portions, a thinner flexible portion followed by a flat cantil ever portion.
Several of the electrostatic MEMS devices include an air gap between the
substrate surface and the el ectrostatic actuator. The electrostatic

actuators generally include flexible, curled electrodes. Typically, the gap
starts at the beginning of the electrostatic actuator where it separates

fromthe substrate surf i ases
LT

*15Q150%




WO 00/ 73839 PCT/ US00/ 13759 conti nuously along the | ength of the air gap.
The size of the air gap increases as the actuator curls further away from
the substrate surface along its length. The air gap separati on between the
substrat e WPEHT¥8Ie and actuator el ectrode affects the oBETASPUF7ol t age
required to nove the actuator. The larger the air gap or the higher the
rate of increag®ansion Waephsated ke big yereggh dteranyly.oigusing theimigroact uat or .
Further . due 1 R B Wl BbhrBhAF CASIAM HRLALAYs 18l IRk o Lhe size and
shape of the air gap can vary subStantially from device to device, naking
oper ati on er r amiczomavhingdithasmal switch os dessribadiic Un®\Rateat 5 H63:833.el ati vel y | arge
and vari abl e operaty vol. 1Stlgs. | d.b vant ageous to
be able to control félﬁ%rog h??{%ﬁﬁ%@@%@&% ﬁ%hg%éftéﬂjév%ﬁﬁg‘%%&t ﬁreaagl\égiﬁgn of the
el ectrostati c eegttoatatic devicasevero@asimidteddrom ldnsigsted Bincons fromuglaktiber thglael oped.

i i mhzed. | ThuEReRbe A SRS DR s et Iy the i B PR Al

devel oped. By piQBEt0 Abad@sih@hiré) OEle&iflcaly enB@Ridg théfesSdcaed ElesitRles EreslBY hiE e,
the operation of the device could be hel ped instead of hindered. There is

still a need t¢eciesatiofrempiressiag themlestradesite eachather petenelling thenf emieasher agi ng
el ectrostatic [ L : Ld: ol ) i igCeS.

Fl cctrostat o Paet ATeREnE Lo IR0 Bike Ul B B P o e
can gener at e r €heatidedtes wak gell fartymeal giotive apilications) but descdeviate carmptbeat i ons

in MEMS devices. These forces are ily.controlled by. applying..a

it ference | n CuETIgE BARERH-RERb B Pl ieierutRR HoPliiye

| arge anounts giplie®ionsor MEEMISIstroctin@s.i ¢ devi ces operable with | ower and |ess
erratic operating voltages.are needed. Advantageous new devices and

appl i cati ons coul d Méerem @GW&?W%"HQalﬁ?lét‘]ézfeéélelc%%ta&t"i forcedhiodBVe n new

NEVS SUIT UGt UT Efvior SUMMIRY. Clinel EMOMENTDS Gl bibvide u0reith@ ighf cahliRvilr esent
invention to provide MEMS el ectrostatic actuators operable with |ower
operating vol t aigebersias foundiin Lo Patent $.87&9/ totjimiler contileyrsetelegenstatic dendensi on
to provide '\’E'\@e%&%é&’ﬁt@,@ Fatﬂﬁéﬂ%é?ﬁsﬁ B,'?@?,l%d,%,é@@,@h@% 658,668hg 0! and nore
predictable in operation. Further,” 1t 14 an’objyett of the présent invention
to provide MEM5S666,2%8. rOstdevices if the ANOvOPAteI 38R t¢dFEILSONXII8T Bloctamstatiat or s

havi ng a non-ingcreasing air. bet ween the actuator electrode a

Subst Pate ol echres e i StpREYE RBmR PG AL B MR el e St

el ectrostati c MBMSieNicestdinalosd anesdageuosiatd dcamtas.i HoWereesmandiesabl e
various MEMS applications. In addition, el ecttr ost ati c_attenuator of

a Me
el ect r omagnet | $°Y%E8 INEPTAIFALS COmAlEX ASQBTLTISY Ueing reltively ditfichl BUerPBATICABARt her , a
met hod for att gomadiddgues. alch@FBRISEH Gnd RETHTE0NRE liTal HEiOMhIdeRhniR4I t he present
i nvention. A MEMS device driven by electrostatic forces according to the
present i nvent fubstratesigcregtesther igspaches deatroptatic dayigsst The devicgs 51 BSr Pafewts
el ectrode, a f ' oA ' ' I,C
substrate defi ?\’géj’?% anar ?3???0@%6@% l&:ﬁ%ﬁ?ﬂ{e gs%%\%lt@é@?{l:g&%s‘gﬁ'g
construct ed. Thtepss {laspiext epesitions aro thguirert wereatd ayyrupatons iibe flexibkce of t he

m cr oel ect roni ubstrate...Th . exi si t.eoverlies,the substrate
el ectrode. In %F%%ogesse@talg%lﬁ?n’eihé' l%te ?E’EP%QQ%%%% ISRI0s B S Fds%lgaﬁ?ﬁ%gfect rode
| ayer and a bi asétrrdel Hy@ever, theelbittrde i @nstorgpastdn® tvac partions, & thihrengétible

conprises a fixed portion attached to the underlying surface, a nedial
portion defi ni RYugn ?R%lﬁwieﬂEYégé‘i G8tilsyst PGP het ween the substrate el ectrode

and conposite el ect §a4a ofME eRctfshtie MIEME ldeABesTRUE@R NS ViabbetvRERER! tO the
substrate electrode. The insulator electrically isolates and separates the

substrat e el ecsybstate fyréase apbthe plegtirastatic eethpios i The eddctestatisstuamspecperaly a
voltage differ i s i-bl onposite
el ectrode cr eaﬁgéldg?e)gﬁfgb r%g{efaa?ﬁr o?éP ori‘géatﬂﬁgtb g%@%%taﬁgggeéﬁmggg}ht%i on and
al ters the sepeleatdstatic hctoatort Wieerelit depatapdsitpnpibe sabstratgrsheface. andinvogasésncr easi ng
air gap is maintained regardless of the application of electrostatic force.
Anot her enbodi ment of the MEMS el ectrostatyd ¢ device provides a generally
constant air gap between the substrate el ectrode and the conposite

el ectrode. A cantilevered region is defined in the nedial portion of the
flexi ble conposite as it extends fromthe fixed portion to the distal
portion. An additional enbodi nent provides a generally decreasing air gap
bet ween the substrate el ectrode and fl exi bl e conposite el ectrode of the
MEMS el ectrostatic device. In this case, the air gap is larger proximte
the fixed portion and decreases as the nedial portion extends fromthe
fixed portion to the distal portion. A further enbodi nment defines a contact
zone where the air gap reaches zero as the conposite contacts the
underlying | ayer where




WO 001 73839 PCT/ US00/ 13759 the nedial portion transitions to the distal

portion. Another enbodi nent maintains the air gap substantially constant
whet her or_not electrostatic forces are generated between th i}g trate
el ectrode ¥OP%¥MPosite el ectrode Iayer. Lower and nore ﬁFgﬂfesg‘?/ ?9e

oD St ST 8o b R TR By R B S o
el ectromagnet i actamdi Qurls Giirtlde hwgnfrénd tied ubstratsduafaéeCal by iGelengdth. Fesdr gapovi ded

by the present invention. The attenuator ingludes sour ce, of )
el ectronagnet i éeﬂa&’d’ioﬁtb%‘ﬁe’mhteéﬁsfrﬁ?jeeﬁﬁ?daeﬁ“gﬁc%l?t% egffode atfegts fig @perating

predet erm ned Rakdpe rédtired &Y mote e MeMrorat1hg Tigdr e A4 SH &(ﬂmﬁFﬁe@%&a&@%

el ectrostatic device as described above. The attenuator includes a

m croel ect r oni dncseass thedigher ghegighageraquired teeneratethe aginaton skiwrthesdue tnd a
fl exi bl e conpos| : ' ! : ' P

el ectrostatic %%1@%@?89% ﬁﬁgh%%’ tgﬁe&/nﬁgt'?%%lq%gﬁ%ogg’%%g%ﬁﬁgtSgﬁﬁp%fﬁlt%l %ﬁga& a{1 he

f1 exi bl e conpoyatysubstantiellefrom\devige toodewice muakimgapeativn efratid el pditidmtl er m ned
path of electrq netic r.adi.ation.. Anot her enbodi ment..further includes a
vol t age source eggtgosiaruggﬂ'lﬁ?gs hév%lfe?af“é’? gﬁagge ?Iﬁj %?@38@“5@% 8% he substrate
el ectrode and fthaxdtédsticelleabildde adwdtibédudgo béabidtoRdosedInths httributesfof theauir

bet ween the el ectrodes.. Apot her enpodi nent further includes an array of
el ectrostatic &R %%ﬁéheoc{%lgsgé@egﬁsﬁ@%&c aPURLer. lpveer 9RErRLRE Vliege dsvéfitagnet i ¢

radi ation. O heg,1gBbasieldpad STRE drAGoFRTRERERY volAke t48irddHYP. alveRBLALOr T hat
transmt, block, or are t_ransgarent to el ectronmagnetic radiation.

Addi ti onal enbeeildbaminigidedndhush mops predictable glecdstatisactupioxy ¢ould keonposi t e

W th respect t a f LEC - i.ald . . P, .

i nvention al so(aﬁ\?e?)c\%eg'egp3%@5'?*1%%;%?&2?{%%%1?‘%8 C%Ftkf(%%? 18@38%%??%%% &t i on
usi ng a MEMS ebéthedewtataudd bt iedpred anstead af hiddéreded above. The net hod

conprises the steps..of dir.ecting e]ectronmagnet,i i ation, al.ong at | east
one predet erni ned pgﬁ © Bt tot%’v(iﬂ%l rg‘éet%%gﬁ%gmﬁ ?’édntﬁ‘é{’tnb&,es for

sel ecti vel y gemnsenging@leafostdtie forcesind ichisifigrhettonbeithie alicrodiiceialdedits.

el ectrode and the el ectrode, |ayer wthi e flexible conposite, and noving
the flexible célr-‘ﬁae%t%tec fra{‘sﬁ?@geé_gé*aei%ﬂaﬁ @@%ﬂf@eﬁrﬁe Uit FREFSeISRYBBEEHS uct i ng
or passing el eediRRRARGE f&cés%&eﬁtthé)ﬂna‘llre@éé%ﬁe“&p%@&ﬁ iRMEMS AbviORE These
predeterm ned path. The flexible conposite noves in resgonse to the

sel ective genef@essdsre wadily woptrolipdibytapplyng adiffesenciyoliage betwsenr MEMS e ect r ode
and the f1 exi blecQRDSh ot BveR Sark@¥Rbunts O RRAPBRERRRER doficthe met hod
further define tﬁe 5 ’, \l/J\D 504/‘73839199%#%00"}“137590 %Pte)ct r omagnet {”8 sr adi ation
pat h di r ect i onopgrabie mith pasvar and leshesratic opémling wiiagassre reed<d: hdvantapesds newt s
define the dirggt.i he .f I Pte ves | se-10 .

el ect rostatic Roye indaiicics Sl PORBAR) be eTiERe [l L8R BRARTHHIE: g
conposi te act uMEMSistiudtives.absence of el ectrostatic force. Yet other

enbodi nents define the novenent of the flexible conposite in response to
changes in the magnitude and direction of applied electrostatic force. The
present invention also provides a nethod of attenuating el ectromagnetic
radi ati on using an array of MEgEMMARY OFITHE INVENTEIOMt ors as defi ned
above. This method conprises e steps of directjn | ect romagneti c

radi ati on al ong at ﬁégg’["bd)‘?‘féoé}g‘f Webﬁ"giﬁvﬁ’&t"é‘ te Bmffwg%éfl}"gfﬁ?&r%%mﬂuawrs

el ectrostatic gpdrWIs! MR ISwer DBerBGid vokhyesgenerating an el ectrostatic force
bet ween the el ectrodes of at |east one MEMS the array, and noving the

f1 exi bl e conposit e bfadgditiondhistan ehisctaftlanreseatinyintian ¢ praeide MENSt o

sel ectively ob ar, . ] . One
cmbodi ment of  FRariiactRS i RSl b SRk ARFpBlTREh AR RESCRRLE. o1

t he attenuators conFutlfegiitiser obintiof ihewnisertrimaengestopreudskEMS eletttostatiat or s

into at |least i another enbodi nent arranges a subset of attenuators into at
| east

3



one colum within the array of MEMS attenuators. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a cross-sectional view of the present invention, 1-1
of Figure 2. Figure 2 is a top plan view of the present invention. Figure 3
is a crosswomorimanal view of an alternate invention takerpcalusogizee | i ne
3-3 of Figure 4. ttenuator within tic MEMS attenuator within the array to
sel ecti vel y obsttnators having a sen-iricesasing pinghpbétweendatie actiaor eléatroge and $ubstsdte one
pr edet er mi ned gf"e'%tl?o@e enbodi ment of the method sel ectively generates

el ectrostatic Torce wthin a subset of the attenuators conprising the

array. A further enhelpressnt inéntngesvidesImpietd MEMS tRbtictBic acfib@rsahatl east
one row, whil e another enbaodi ment arranges, a W%% f attenuatQrs into at

| east one row dY8rage clegtpstatic fsegs anf gngblayarigps KAlons; UAIUP® 8 5 top

plan view of anEERILAbLatRHRBRUIARBE clebtrdilRNe Ry BEEHGN Is YR thEp@sne S 1
a cross-sectional view of an alternate enbodi nent of the preséent iInvention.

Figure 6 is a #rveatonsdurthernamethod fprsfttepypting plgetramagnctissiadiagion i prenidad; by
attenuator. 6 esggl/ing&égn_PCTNSOO/I:B?SQ Figure 7 is a cross-sectional
view of an alternate enbodi nent of the invention used as a radiation
attenuator. Figure & MEMS ¢evicsdeuen byeeledtmsiatd forces acqoadingfo thheredawi ces of

the present | m{rgrré}ltiic%ndom%%_eps‘l aLnﬁgro%E% rorllicE,) I&b%}lateg,:a s-[lﬁslizfratlté\'e\a{gcwrc}deo,\il flexible
composite, and an insulator. A microelectronic substrate defines a planar surface upon
which the MEMS device is constructed. The substrate electrode forms a layer on the
surface of the microelectronic substrate. The flexible composite overlies the substrate
electrode. In cross section, the flexible composite comprises an electrode layer and a
biasing layer. The flexible composite across its length comprises a fixed portion
attached to the underlying surface, a medial portion defining a non-increasing air gap
between the substrate electrode and composite electrode, and a distal portion moveable
with respect to the substrate electrode. The insulator electrically isolates and separates
the substrate electrode from the flexible composite electrode. Applying a voltage
differential between the substrate electrode and flexible composite electrode creates an
electrostatic force that moves the distal portion and alters the separation from the
underlying planar surface. A non-increasing air gap is maintained regardless of the
application of electrostatic force.

Another embodiment of the MEMS electrostatic device provides a generally
constant air gap between the substrate electrode and the composite electrode. A
cantilevered region is defined in the medial portion of the flexible composite as it
extends from the fixed portion to the distal portion. An additional embodiment
provides a generally decreasing air gap between the substrate electrode and flexible
composite electrode of the MEMS electrostatic device. In this case, the air gap is
larger proximate the fixed portion and decreases as the medial portion extends from
the fixed portion to the distal portion. A further embodiment defines a contact zone

where the air gap reaches zero as the composite contacts the underlying layer where
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The present invention now will be described nore fully hereinafter with
reference to the acconpanying draw ngs, in which preferred enbodinents of

the i nvent{v@%@s% shown. This invention may, however, begegﬁgw@z@i n many
r e

di fferent nd should not be construed as limted t odi nent s

set forth herejn; .r . i][ggy .ar e V] . LS
di scl osure wi | P@%dﬁgﬁaﬁhgg%cfngg@n@?e e, }"zrﬂgﬁ'm’?{°ﬁFtlg‘ﬁ§°d§§ﬁ@tB§é‘?‘%§Escope
of the inventi the atrgap hdstansdlyl dosstarit whiether @rriot elkctkostario fidreessare gdneratedo | i ke
el enents throughout. Referring to, Fi gures nd 2. .the present invention
bt ovi des o NENRSTIECH (e Sepetore Aiept e poraoste PRt e T R AR oo
rel atively | owpredisfablerspetifg esliagésadd provided By swdebnvieing Aigedesigh 0f the imddsdl
enbodi ment, an electrostatic McMS device conprises in |ayers, a
ni croel ect r oni E°r§9|‘b%‘tdrl§{"_é‘n&§}°aé’g§85$3ﬂ“§t e electrode 20, a substrate
insulator 30, and aafENSREnERIBPSk R mMIBnetit8dibtidhdrileR b§ SIEBRSHAR fbrées
general |y planar and overlies the mcroelectronic substrate and substrate
el ectrode. Al olsglsotpzovidadduytihe prasent inusation e Thosfpauaterinpliidesa sousee@f porti on 70,
a nedial porti i st -0 h i FoJo]laE! i
substantial ly %P ?“.%%‘eaﬁ}% r? ﬂ%@n@éﬁ%‘%@%@%@ a;egcl:'?(?lrsé)drxlflé %ges? ubs .'{rn gg?gitg'r
i nt er medi at e | Bydres, thelMEMR attenbatoaida compeixdsedEMS el eottobiatié deséed geort i on and
is held in position.or biased wthout the application of electrostatic
force, def i ni niEsERPediaboYEs e BcRuptpe ngluyicl a midkaclccironte snrafénf pibgieate
non-i ncr easi ngelsdiaie, aafifkuladord@aid Msidetonganité Heproioadly Jdfingd PCafallegur f ace
and the nedial pgrtion. Both the nedi al t%I(l)*rtion and distal portion are

al

rel eased from %RP@C‘_!IW&éhf rlertreptadiq ee E’Ftée. patef capsgs ﬂ_pﬁﬁift?](ﬂ?“ii%‘ 9fthse t o move
in operation, AubikBSmANGY tERbcAldIPoPPintd $ndSRIPEf Ak bRAeEIAR pien ynder | yi ng
pl anar surface. The nedial portion maintains a non-increasing separation,
such as a constlegttonmgneiisgadiaying ginodisnembediment\fiutiier inedydesa veltage heurce for

Cui der L vi | : : . . C q
toward +he o cooaediireedhlitaet BEwerfHE SRl TRORAGn0 U0 10BE0
PCT/ US00/ 13759resdtindmi aneldogrogiaticaforze betwagi the elehieodes.d Aabthgraartbodimena further |

t d, I , ' t a. t. ti f t der |l vyi
ol anar " sur  acoleHE AT BE e NELT A RRioBT e EORE SUrEL RPNy | ses” |
nul tipl e | ayerdedtivedagfdtitgadiitidncOtier éifodihents defihe copeiendbfAMEMS or nore

bi asi ng | ayers. The anber of | ayers, thickness of |ayers, arrangenent of
| ayers, and chjfeauateythitdfagsmity block erpreansparent &o elegtepmiggeticigdiatiohe 1 exi bl e

conposite to CHRkitibMRmBodifidhts daRMhe SHentaBiBR bNth MeRibledompasite\RitHReRk! Yi ng
m croel ectronic substrate el ectrode, Thus, the distal portion can be biased
to curl as it ©thepatlsobeiegromagraticiiadiationi al portion. The position of the
medi al portion wt . : 1Lyl . el zan al so
be custom zed. Thehgqe?ggggél?gﬁléﬁwggﬁ%@%y(Q:g%lt{se?léﬁlcn gﬁeﬁé@%‘eﬁﬁom

i nt egrat ed ci r adiatiomuedieg 2 MEM 3\ eldctmistatio ettapuateras definedatiome. qlilesmethibdbse skil | ed
inthe art wl]|_ understand that dif n rial vari.ous nunbers of

| ayers, and nuABTR e tﬁ? ?tg%sg%@ﬁ?tglg(gﬁe%{rgvégngﬁ@1a§83 8188 aﬂ@?'sg?xhe. Al t hough

Ei he I\/ElI;/B devi ?ﬁeﬂdtémﬁﬁddaiaﬁﬁbr})ﬂniaftﬁo Eiechesstmdcl dttehﬁitcluswcﬁﬁelﬁlgelrﬁmﬁﬁ@hlﬁ to s
escri be manufacturing_details, thi i scussion applies equally to a VE
devi ces provi dé@“@?wilﬁ@r‘iﬁ@%ﬁp tbwgﬂ{a;ec;ﬁquﬁﬂ%gngd tﬁ?ﬁlewwdg YROVERIN theet er ri ng
to Figures 1 afékible céin sﬁé,%ﬁ%%ﬁh&ﬂ&ﬁ@é&drﬁé&it&@pﬁ@élé&@cﬁdiﬁaﬂc%ar surface
12 upon which the el ectrostatic MEMS device is constructed. Preferably the
m cr oel ect r oni eongabaily ebstruetingr passing glesiromeggtiuatisiion favehisg alangableasti t abl e
sub strate mat ecgﬂegirecﬁ?e\‘xhﬂﬁgd gatﬂ.l Ffexibib L@xﬁﬁosﬁ@'ﬂwp’g M%g%onsgtgﬁfe selectjve

sem conduct or s, ass, plastics, or other materi al's y serve as the
substrate. An gemsuation ofejedtastatic forcedetvekn te subwtratel cdactrpdesandftbeBexdifle t he

m croel ectroni ¢_subst r.ate .and provi de | ectri.gal isolation. .The insulating
Tayer 14 pr of eraos SRuBaE B SR SERoBinl ot R ent B RthERspHBe or yirer
such as polyimde or nitride. In this case, oxide based insulators cannot
be used if certain acids are used in procéssing to renove the rel ease

| ayer. Qther insulators, even oxide based insulators, may be used if

rel ease layer materials and conpati ble acids or etchants are used for
renmovi ng the rel ease | ayer. For instance, silicon dioxide could be used for
the insulating layers if etchants not containing hydrofluoric acid are
used. The insulating layer is preferably fornmed by depositing a suitable
material on the planar surface of the mcroelectronic substrate. A
substrate el ectrode 20 is disposed as a generally planar |ayer affixed to
the surface of the underlying insulating | ayer 14. The substrate el ectrode
preferably conprises a gold |ayer deposited on the top surface 8 WO

001 73839 PCT/ USO0/ 13759 of the insulating layer. A thin layer of chrom um
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A rel ease |l ayer, not shown, is first deposited on the planar surface 32 in
the area underneath the nedial and distal portions of the overlying

fl exi bl e conposite, occupying the space shown as the air gap 120. The

rel ease | aweroof7383onl y applied to areas bel ow fl exi bl e coIA/s0®/13782 t i ons
not being affixed to the underlying planar surface. Preferably, the rel ease
| ayer conpri sesleswomagngtic sdiativh path dire¢tmp|vathmaspsei talthe fiexibleragmpasitet Oled away
when acid is apphied thergto fter thesQ | ving.layers. have been

depos: ted, ¢ he tpepdinehBheme HbdioniNGITE taibBis PP aREBnsi 6

m croengi neer i rcacstaicfort c Dnd embeadimentposisionallyiasastha fleyidleafolmpokitec aci d

etch. When the rel ease, | gyer has, been renoved, the di.al and_.di st al
portions of f|éﬁﬁuﬁ%méeﬁ%swiogﬁle@eo%n@?’%r@%a &1, eTBRRIRts SRR | i ng

pl anar surface pdRemehit@Tihe Mexitl€ccthposHdth &i}ﬂh@h@kﬁ&%@s inkh@maghifids afd t he
flexi ble conposite 50 generally overlie planar surface 32, and, prior to

removal , the r direetion of aprlied elessostatigdprrear e arranged and shown vertically,
whi | e the portions ahepfllaRBReHidhUiloARONiald ImethOd G difdfuding ¥icbh SmEAEROS! L €.
Known integrated circult manufacturing processes are also used to construct
the | ayers conpadigtiongsinger iabhyeoftMEMSséleatrosdtic dtchiatets as defimedaboyo| Bhier film
60 is applied to the relea |.ayer. .and. exposed_ar eas .of. pl anar surface 32.
ol yi e 1 o prtisicabipr S e kT (PR ing SRR el R e io PR R GR o1 her
f1 exi bl e pol yngath oitiatelte tHeiiray of BIEMS tlagtRustafit aRamsRss, Ssctively gepdatingt a
mnimumtwo | ayers conprise the flexible conggsli te 50, _one |ayer of polyner
film60, and a3p&lperoshicripres peeening elepiRfss 2at loqst eeEMpeAiFnigorevithing

001 73839 PCT/ U%%Oérﬂaf&% I%ﬁﬁ%%ghEmlelﬁﬁﬁﬁﬁte(&ﬁi Hak QAPEILG R shtik MpaNrs Of
flexible el ectrode 40 and a Tayer of polymer film62. Différent thernal
coefficients ofattenystonsvibin the avipsta selpetivelyyabstsuct onpask sleeftpraappetiq radiapore
conposite bias i i i |5 } t away
fromthe under Iaglc?lgélméggrt? ggggggéﬁ??%&aﬁg%%aﬁ%fl lr?%é%@?eas dlsglflagtwehl'he

di stal porti on gesaratesielectroistatic fir¢el evithin avsubsa of theatternmss eomprisag the ancdy.

curvature. Flexihble electrode 40, conpri.si.ng a | ay.e flexi bl e .conduct or
et a S e oA Bty attaiess 2 il Meralo iRto b feotnoh kS
tolerant yet flexihle caonductors such as conductive polyneg filmnmay be
used. The surféze%c%rl@awmtéﬁﬂf@mfévﬁ FENYARi bl e el ectrbde 40 can be

flexi ble polymer film 62 i s BRIBF DESCRIRII F ANINGE{r ode | ayer.
Alternatively, a thi la s YR Y, ' ObL O bhent gxi bl e
el ectrode | ayer to gﬁu%)%vy (ftc?esrsgg‘gﬁgléliwgan tomgﬁgg%'g%%%ﬁg‘bo yrr%rggﬁ Frlrlgé
Wher ever a gol d-1 efyldgure$. used, chromium can be applied if pecessary to

i nprove the adhesi O?ffggl?ee lglagoé]glg}lglee&?(g;#&cperg{en{rxﬁ;é?er{ﬁiigﬁl ibeTyi cally, this

polymer filmis fle n eren fficient of

| ayer conponents of the flexible co jte expand at diffefent rates, the
f1exible conpoé??%“@h@ﬁ?‘@@%ﬁ&ﬁgnq%gEEEVQF“having the | owef therma
coefficient of expamguaiy istof Pldh $Rw dtlah Glterh@€ BRALOUBRNI BT XhPSredttidvémiogUr |
the flexible conposite. For exanple, different depositon pfocess steps can
be used to create i Figurhsisa aeswsedionalyievaal anpliginate embedimgpgpikthe pigpant si ng
the flexible coppagise. Further, the flexible conposite cap be curled by
creating intrinsic nechanical stresses in the layers inclugled therein. In
addi ti on, sequent i aFiguenfpsraatress-seationalgésy cithe hventoadis¢dascupdiativre f | exi bl e
conposite. For instance, the polynmer filmcan be depositedjas a liquid and
then cured by Sf'&RMH%d tenperatures so that it forms a sol {d pol ymer |ayer.
Preferably, a polyner having a higher thermal coefficient pf expansion than
the el ectrode | ayer can be used. Next, the polyner |ayer apd el ectrode
Layer are cooled, creating stresses due to_differences in fhe thernal
coefficients of expansion. The flexible conposite curls begause the polyner
| ayer shrinks faster than the electrode layer. 10 WO 00/ 3839

PCT/ US00/ 13759 Because the nedial portion is constructed sfmlarly to the
distal portion, the differential thermal coefficients of ekpansion between
the el ectrode 40 and polymer filn(s), tend to curl the nedjal portion.
However, additional |ayers of polyner film netals, or othger materials may
optionally be applied over the second | ayer of polyner filjnto serve as a
bi asi ng control structure to counteract the tendency to cufl and hold the
medi al portion in position once the release | ayer has beenfjrenoved. Biasing
control structures serve to counter the inherent tendency pf the flexible

- e T
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invention is shown in Figures 1 and 2. A biasing control layer 110 overlies
the second pol yner |ayer 62 and structurally constrains the nedial portion
80. As sho bi asing control |ayer overlies the fix i 70 of
the flexib 03%%?)9 te and extends over the air gap 120 g’(rzl:amrreéo Iéflkg portion
80 of the conposite i term il [ 4. . 116
extend fromthe fi xgl%ﬁbeo—}rl?iagﬁgs%&gﬁ? n%%%%c%f%(% %gtg egl@gélh%ﬁzoégﬁlen%g%mg’ he
conposi t e, andusedmsamadigtionchttenuatdre pl anar surface 32 or sone ot her |ayer
that is ultimately attached to the substrate 10..1ln additjon to |ayer 110,
el ectrode | ayer 40 EWH“’;C}%‘ISWSPP?°5%V‘§W66 aﬁﬁ‘aay&f%%ﬁﬁvbceﬁg}@tpé%ﬁ‘gd out past
the sides so asnvefitidiol d the nedi al portion above the m croel ectronic
substrate. As a result, the nmedial portionis stiffened on the top and
three sides by the biasing control structure, Iimting its flexibility. The
bi asi ng control structure EALRDIYESEIPTANSIGH THE INVERTION73839 _
PCT/ US00/ 13759 support to tThe medial portron because It anchors the medial
portion to the surrébhpuesagt inygutios npwwitl be deschibedvneredullebareispfier vthost r at e.
The biasing co : . -]om \: I r having
a thermal coef?%%@éﬁ?aggﬁégé ﬁ@?@ﬁgﬁﬁﬁﬁ%ggqﬂ%é o:%“gﬁéﬁh%gﬁgﬂ$gg¥&ion in
posi ti on. Q helinventi@rarakiwnavihisgjneentihe nap) hoseed:f beerinidicdiin eapg diffopant

different from.the underlying flexib]e capposjte may. be use count er act
the tendency t_éorgﬁraf‘&gﬁlﬁ?oéggfmﬁﬁﬂe “é?“%ﬁﬁ%h‘ﬁﬁr’s?"é‘&ef‘ﬁ SH Qﬁh?‘erﬂﬁface, or
may conprise | irfik&, thelelefifbodidentardwrboided & thaxtthie displdkire Wil bethofghah®d t 0
support the nedial portion and control the air gap shape. The term nal edge

h
112 of the contPBPlefeadnd willfully ¢ravex be seape phthe dpentinn tdhase siotled Byibe a5 at
the transitionyfrGRnibeR BRfHoaike bRnichS tdbadile. Portion of the conposite. At
the inflection point the air gap transitions fromhaving a generally
const ant di stance dRefsting to Higurasdiand 2pibe present SyentipngmovidesraaEMydedicst ance
under the distal. ' curl, £ ' causes
't to move awagrT oo SRgoRA MR fel SOuflad B G e I BT 1O
bi asi ng cont r olbpattingctoltagesc &ma fifst embodimentcdnaeiatbsaticsMEMS ddvidelvenipagessur f ace

of the nedial portion, inherently hol.ding.th ial .portion.in positlon.
The thi ckneas TPeEHERSTRORTORBRYIRERSAD] hitbagts Tesas Ab g nres Baest fhnt ol
the curling bi agd i fletible comgbsite SPOTHel fRRiblF@mposiEd i8 geferallyRarkesanéletiayer can
be thicker, thinner, or conpletely renoved in sone portion of the nedial

i y A
portion. Furt hée, m‘l“Fﬂ?@E%‘B?l bP'é%}%P“dc%’ﬁStE?ée gestigdedAlong da }eng%%-%étb@ned, or
ot herwi se pat t @sRfekitk RadPFkddipoktitR 70f § Riebial Sorlibe80TRAd £ @8fal p&HiENT100@ The
expansi on and hold the nedial portion in place. As shown in Figures 3 and
4, the second piBrd/pastion is|spbstanjially fixertp threundgrlting micdoelentropigysabstietdrons
renoved, to ha i i 2 f Lal:.pont.l on 80,
thor oby. shapi nieaB st ot FRERE pEKSh ek T Bl PofiBE A R
coefficients obostigaordiiasad withow e application df ¢lectipstatic foree, defindihg @rait dap t her nal

coefficient of pansi.on addi i.npurities to the t er. conprising
Che medi ol por AP TH 4 puo Ty & B SniBRbtehncipasiad shafe o PrdeRbEd bEROB e

| ayers conpri siufderiyii@ pldnaxiublae SATROMEAIS poktidY Botitte HEEROportivAGRT divthing t he
medi al portion to create a hiasing control structure. Those skilled in the
art will appre8PBics Ziegieassd fom thepmsriyine substiyien dhedisl rastianhifeeg &0 BP¥S
control in the;dalonRRkHideCRvay A AIRGHg tHeQERIrRn RS R unddIBIOMBr
techni ques can be used to bias’ and posrtion the nmedial portion and air gap.
Al ternati vel y, senfase.dilbe mediplqortianmain@ing & ow-increasingsgparation.uelyasta eonstatie

underlying pla : ] i i .

00/ 73839 PCT/ u@%ﬁ%@‘é@gﬁﬂ“%@?’?g@@%ﬁ%“ﬁé P{égﬁd%@}?#e‘%%;saf ?‘lﬂﬁaggflé@t ?ﬁ‘r‘%‘ei n a
di f f erent or decompusits begind tiohgndiiofvhrlthemicredl@tioaic Subsiates Onwe thedlexibder t i on 80
acts like a cantilever nenber overlying planar surface 32 because a biasing
control structure or nodifications to the biasing |layers hold the nedial
portion in position. Unlike conventional MEMS el ectrostatic actuators, the
medi al portion in this enbodinent is held4n place w thout applying

el ectrostatic force. In addition, the shape of air gap 120 and the

cantil evered nedial portion and are held constant or decrease initially
whet her or not electrostatic force is applied to the MEMS device. By
providing a controlled air gap, |lower and nore predictable operating

vol tages are provided by this enbodi mrent of the present invention. In
operation, when no electrostatic force is applied the noveabl e distal
portion is biased to curl naturally while extending fromthe inflection
point, thereby altering the distance between the distal portion and the
under |l yi ng planar surface. The application of electrical charge to the
substrate el ectrode and flexible electrode creates an electrostatic force

T L o o o " -



13 WO 001 73839 PCTI US00/ 13759 provided. The structure and construction of
t hese MEMS devices is the sane as previously di scussed except with regard
to the nmedial portion and air gap. In Figures 3, 4 and 5, a portion of the
second | ay‘EPOQJ%%"oI ymer film 62 proximate the fixed port ?Sﬁ"’%@”’ﬁgss’r enmoved

T r oot Sned e R R BB S 18P o

t he under | yi ngatGodsastasiskiativh f}@y%&ma@gmgr;gm{ah@rfdce_xi bl e conmposite 50 such
as polymer film60 and flexjible electrode 40. The renoval of the second

| ayer _oI pgg y [rer filnn:tr@z swgﬁwtlﬁée ﬂ@ablstmps@w;% celaagﬁgm%pléﬂa@%swéudmg
conposite r

el ectrostatic ol%i(;b{esn a?%p%%?gﬁ%ﬁiosg%ﬁg?ﬁrb?sgu tlégf)éggﬁge ?ﬁ@?ﬁg‘?m
coef ficient of thicknassoif tayensf arfangemdiit of layers tand daoidOofgnatenial$ ssedmiydguses t he
medi al portion_tQ r the. j nar..surf 32, timtely the
nmedi al porti onsetl%cﬁcgdgﬁf %%?F‘V' dc}ghb;llé;gcf%sg Ot\élrﬁggucﬁgg? ?/rﬁhgnlpﬁ%% alt rse'f}r lfnd)c%%gnta i's
support ed t her eleyundéviyirephiceoethicabrit syatrate @lectiéld. [Thgs,nise distabportior ¢addlei on

poi nt 105 where the flexible ¢ osite 50 begjns . to separate ew and curl
upwardly from Sﬁ%eqt}ﬂé]\ér A AL ﬁ’&e‘jbﬂ% 2y fropy aexsg{gjzl?orfr% ﬁ%?\l?é’élﬁ’loé ogﬂ»st%qadwgom on
100 can curl t gyyabA with rédsedt td the ihddMSina\dBsttawd Mttt bRl alfobe As@md£dof the

i nsul ator 30 according to the materials used and the nunber and order of

t he conmponent | ayer 5hedeqtioptgtic MEMS deuigs ig censirpesed vsinglgiown inegratadioiteyy,  an
addi tional |ayer... 10t ek ]%g%- Jos | . ' erlying
pol ymer | ayer g’ftelnﬁgt% %ﬁi?r%rg? Qgtgnrg?[lg %)n Bs'iqx%;sgg%a? %&gua?ﬁ%@ﬁgh%@ﬁ%l

porti on towar dthahdiffateor meteeds, variows mudbstsrodiiayers;Tavd mbinfef @ entnddhidBtsdévi ces

di scl d iml [ i on. Wth | yin | ic f. ,
Che i stal - por PG Ords RS Rlfhoueh MM EMRtee el 8 BRE RS0k ng
fl exible el ect b@dRdas en &a@ipld 10RMEscribd nhefatiansd adtail, iy discussorcdpplited

t her ebet ween. Because the air gap is,. cgnt rolled, .or the flexible conposite
contacts the i fEHBIeAl MEMS deviees provided Dy the necsentdaention Bnlssstharisht s shown

operate with | gyed RO HBICFRIRS T GhaD! LmRAKIALLME sMAhRATfifAGpI4dAe Pr Oper
amount of electrical poténtial 1s applied, electrostatic forces nove the

di stal porti onsurfage hupdrevlickehielslestrestatictMBMS. deVige isseopstrustddo Préfetablydhe t he
noveabl e di stal . WolsP | Vi ' '

response to anhlé‘%g‘fllédgg’ﬂlglasggsttia%gctoa | gésf%grﬂcg:bg.n ?eg’?‘{étrhggél{/&g’fs Héﬁ%% gg)é{gn?redi al
portion and ai magapl hazingiarplinaeswsiepem ehsed Oheatsemicooduniat, gdssgilastss, at i C

forces are appljed. Alternativel t he dial. rtion c be..

ol ectr oot at | oaPE REUAERBRse e e Pl Ao s Ehesissons s
under | yi ng pl ag@facé uf tha &fcrddle@fonit sabsitaye Hhid peaiedes dlectFaal oS ITh
characteristics and predictahility of .the electrostatic MEMS devices

provi ded by t hisppdaglayerildpesterally comprises A apr-awdpiondassdyasulataeordiobeRerost at i ¢
MEMS devi ces pLyiadpelyliyidd BeniBlaesS fi¥his %S BEilOBasE @ ihsARBEALBnGtDedRediFt €NUAL OF
of electromagnetic energy. Visible light, infrared, |aser, or nmagnetic or
radi o frequencyerfaigacidsiapnusedin precessing kot iemevs/the ralease lyerd  Otherfinsdaterd, even
passed t hrough . i it he, dj st al
Port i on bl ockaCtas b slbloRe il Bt peeliifreld I3 sl Soltpareiackisity

radi ation. For etchsitssare ased tfbrareibgihg thepeledse dayer ivor restanoa; ailicen dmkide@otildbal | vy
clear or totally  intersect.the path of el ectromgnetic¢ radiation.

A Lot nat i vel v, Uedothe Fatiags iy Bht SR Eod G RERTE RSHOBHERT 550 Fedstect t he
path of el ectr gname@hdif 164 _rbf@ﬁblyﬂ@ﬁﬁedtwdagosmgmh@ﬂe afaidiabén BE t he
amount of el ectromagnetic radiatjion passed. The beam can be traveling

paral | el to thplasarsgtecgtof theunicrpelecironipibstate ad sulbstratestactiads Hhis dispesed aglevi ce
pull s the di st i i : jvely,
Phe beam cout o B2y et B ofifea?l i dfack B e aEATLAR BoudlepSEREN..
transparent fi Xbelsubseat eloctende preferebly hemprises agold dayef depositadeoni tbetopisifacet he
distal portion down in the light path. The surface of the flexible
conposite could be coated with a thin filmof a highly reflective materi al
to mnimze the heating of the filmby the beam For the case of the beam
traveling parallel to the surface, nultiple actuators could be used to
attenuate the beam A series of actuators along the path of the beam would
provi de either redundancy or an "OR" type logic. Simlarly, two or nore
(dependi ng on the beam size and (actuator size) actuators placed across the
path of the beam woul d provide an "AND' type |ogic. Because the radius of
curvature of the conposite is controlled by the thicknesses and nateri al
choices of the flexible film beans of different sizes and spacings from

t he substrate can be attenuated through control of the device design. Wth
a curled flexible conposite, the reflected radiation will be dispersed over

Y o M. o, .




WO 001 73839 PCT/ USOQ' 1 3759 use of & flat end in the distal portion furthest
fromthe nedial portion wilt also allow the actuator to block filhs at °
greater hei 8hts fromthe substrate without increasing the curvature.

Accor di ngl Yoo ding on the application, the end of thECHUSIAR™Bortion
furthest fromt nmedi al portiaon. cgan ejther. be curled ar re ively flat. A
VENS e ect  ost S e Mateane Bk AdRindr RtervahieRimar b BpeSed s Nt e
a source of el dedtrodebgacbialiowdeitdtadisiionnsthz MitBleetr@mit substrat altciantiedy, as

previ ously described. Figures 6 and 7 show an el ectrostatic attenuator
according to tﬂ‘ée’dpgglgﬁf"g?wgﬁ{vieé‘?ﬂtmﬁﬁén@’ rused gprlopg at F%ﬁ‘ﬁ@ﬂb‘f‘f’%"%ﬁ’idi ation

140 is direct eglakelager prockRplopeafom! %@Eﬁﬁfd&@ﬁgaﬁékﬁhg)e 68the R@Wiraten Fi gure

6, a path of el ectronmagnetic radiation may intersect the flexible conposite

50. Alternati velpgirode 2@ san bavagad e equizeditacieats theedesised eleqtwsiatielfa¢esng a path
perpendi cular to th ] -1 oni , as
shown in Figure 7. %g%gﬁg?ﬁgﬁéé@'?g%l&t“;%%e%égggﬁgﬁer%@6@%@?@@%2?zjgtc? i on bei ng
att enuat ed, t hdedocalynisotdte the solistrhfeelabrdds ant podvemtslantrical shevtinge Fortherythey to

some extent. The terial form ng m ¢ropel.ectronic bstrate 10 be

eol oct ed accor HORY PP lalineda Plosiiet p dielegiris Faver Tl edsieripingd thiekReschetyesn o
given type of glkegistraeREORbd20 aditlad fleXible EMipdsis iedng the Flekiblelebdcod@t eri al
may be selected that transmts, blocks, or reflects a%)eam of

el ect r omagnet i $0-r Bifi sgeqndrinsyiatiag fayer 3 prefrrably pumiprisgseolimidecalthepgiother gl ass
substrate may ; LSk | . e
substrate el ec?rglggkggglghgﬁggﬁpg I bél?getog;él 6%%2?%%&?89 e@%ﬁd&g%g%l rgzj %%Jr};setursgégt ed
from mat eri al sThesecong inswdatibgdayerdp bastaggenereliyplaan safaced2ai n t ype of

el ectromagneti c radjat;ion, Further. th exi.pl.e osite.b0 have one
or nore surfaces thatrel?aé? fagférf n%tlsg%‘f"?’é%grﬁgé P%{%Sr?’e‘ﬁlgegaa%?“‘ifaﬁ%?gﬁ%@? t he
upper surf ace, atcpuilerrebthftRecRedigirant diskal potibacehadvedlying @kidlecopipesite; ode may
reflect a |laser beam Figure 8 shows a plurality of electrostatjc

ﬁhsﬁi?ﬂj Zh

f J
attenuat ors 158FCUBXRY ths sPrge ahpvar asdle amsnp 14l dhe Blcastlay Sun B K gPRIGE Uct uat or
nmovabl e fl exi bigasaRiReA:lisle BHpdie hotiBhd 1A béifg hiFixEd & WELhderBmgPawn 1 n
Figure 8, or renmpved as shown in Figure 1. As shown, the path of
el ect r omagnet i Brfagdii Referplynihy relase layesomprisesain oxislecr theesiiblsmanterial izh t he
array. Al o Baf BOLNANAY whERSAH isUophdnaLbCRHENRL Syt kil 1By etV BELAY MBY
be activated. Subsets of attenuators nmy be arranged I n”any ‘nmanner,
i ncl udi ng r owsdepositedniths release lagierandyere remeyeeditbrapghosiandandgnicroafgiDeyring 86idic

PCT/ US00/ 13759 ' til - ide

attenuating el gg@ﬁ%ﬁ%@ﬁﬂ%’cﬁ%g%@%ﬁ uﬁé{& %@‘ﬁ gtgﬁ'g?ég%f r ggﬁlgﬁgl& !:L?/%I'—E%Ebeen

att enuat or desemiobed] tlelnedial ahdh distaepdrachsad fipxibesmphe «ST0eps sephratkdifeat | ng

el ectromagnetic radi ation, selectjvely geperating ap electrostatic force,
and novi ng the&'ﬂu@%@f"@ PARHYL afee}‘%Fr‘%ng tg? ?‘éﬁ%‘?‘ﬁ‘ieg?tﬁ’e%l ectively obstruct
or clear el ectromagngtihfery ddhefidxitle borApdlte 5OzakRANY odérlit BRRAr sBffSce 32,
predeterm ned path. The directing step can conprise directing the

el ect r omagnet i &y pRT4e regreval Siegelaass lavart Bedpvsesdroarrangedand saprvp veriealn el or
per pendi cul ar 46ud € pBiiBACsdBlshARE hMzohlily blofig B! R b TR, KiliRTOV! N
step can conprise noving the exl ble con%oa e away frorm or towards the
substrate. Al tiategratddaidcyit mahvefacturmgypossssep aresajsocserptoi consthichthe tayetshe f | exi bl e
conposite to nmpve in redeterm ned di.rection relatrve .to the

m cr oel ectroni %onmg]g&gglé)?ca%’ggﬁgﬁea éc}}gg‘f faesgrtoz??lgm%}ri%a%gta\;@éeﬁ tf’ﬁb@

substr ?lt e andh&mgmsy'etr an]?éxp@&erd%’@s of ;]glaﬁarr] @mﬁch s_z.; raymﬁué Bq:_réﬁ@égi fofthe CONMPY i ﬁe
controlling t egree of novement of the_ flexible conposite by varying the
magni t ude of tﬁrét léyeé@? pelemgs filgn, pliqugh @@ﬁbﬂ%@ﬂpﬁméwﬁt@%}%re&%? B¥Es. The
present i nvent hgheskdd ity B uBdO VA GG Rinfindik WA RyQ6 cRhirRR YR AdSbIELERFJRIBENEL i C
radi ati on using an array of electrostatic I\/EI\/S attenuators. The net hod
conpri ses the @wedpyeop! phlymertiimdOetnsiot leyamatiienible elesttodst40o i lstmativelnithd east
one path proximate the array of attenuators. The nethod further conprises
the step of selectively generating an el eétrostatic force between the
substrate and flexible conposite electrodes within at |east one

el ectrostatic attenuator selected fromthe array. lasttly, the nethod
conprises the step of noving the flexible conposite for at |east one
selected el ectrostatic attenuator within the array a predeterm ned di stance
to selectively obstruct or clear at |east one path of electronmagnetic

radi ati on proximate the attenuator array. As before, the path of

el ectromagnetic radiation can be totally obstructed, partially obstructed,
or not obstructed at all. The selectively generating step can optionally
conprise activating a subset of electrostatic attenuators within the array.
The noving step nmay optionally conprise arranging a subset of arrayed

. . o, o v o, o, - 3



PCTI US00/ 13759 and noving the flexible conposites corresponding to
attenuators within at | east one row and at | east one colum. Many

nodi ficati ons and ot her enbodi nents of the invention will conme to mnd to
one skill ®0007383e art to which this invention pertains HEU/PHYIBH8 benefit
of the teachings presented in the foregoing descriptions and the associ ated
drawi ngs. TherBingpem tye laygrsmulééorumrag@%ef ferdbleelestrodpAdandadayes ofiot to be

limted to th ighl Gae gfémﬂé’@ | t |, £l .ons and

ot her enbodi r?éss aﬁéﬁlfgﬁi ?r?lge to 3p éo%ﬁc(tﬁ%gsgof\?h&?ﬂ%%ﬁtbﬁ%gf(t)ﬁﬁgg}(t)e?sot he
appended cl ai nemp#akinp thegtexihbecariposite binsrthe anediad ppritioy 86 ahddisiahportiieJ0roe used
in a generic and descriptive,sense anly.and not for. .purposes of. . limting
Lhe scope of (A BRLIBH bt KRS PE Rl PG oy S R RER TR TR o
| S CLAI MED: PGQbriiéndah Tard sSthAithrdSatiedle o£colisianeradiny ofdweedtirest at i ¢ f or ces,

conprising: a mcrqelectronic substrate defining a planar surface; a
substrate el ect rodé:?qxawwhgtr%de|49;ﬁamn§wngwéa@apf @bl condygtor myteriahie; a

fl exi bl e conmpagi ' r . '
el ectrode | aygor%b gﬁ‘ﬁgéeﬁyﬁ{kﬁéhﬁgﬁ%ﬁ c{)?r{)ngg?'t gﬂﬁlgﬁ% a}‘I ?gg%?%%brh{i on
attached to themprisesrgold, aghaigh ptheraciditobmatit ybt ffrxitilé comduetbisrsieiyaseconductive

non-i ncreasin ir bet.ween, t.he suybstrate el ectrode_.and,ih 0 ite
el ectrode, angmgymaﬂlrgﬁrg'lmagobretuls%q‘l %\?3%?05 ALY P uéa(‘ﬂontosﬁf ’ﬁlgfesegeﬁgrf’ {f%?oz

el ectrode; anctaabe vixdad a3tr@uired RCdréatehb dysikd pReadstaig fo@e dr Saih #tas atfénction
el ectrode fromsaid fl egpi bl g\ﬁel ctrode. 2. A MEMS device according to Claim
1 wherein sai Pitksfistrncsdiom G5 fiertionromt Waneral |y constant air gap between

the substrate el eCtA%Sn@ﬁ?er%?ﬁeﬁgfé%?nlc?ﬁﬁh%ﬁﬁi%ﬁe@%r%tff‘diiﬂlélg fromthe
fixed portion to the distal portion. 3. A MEMS device according to Claim1

wherei n sai d raletirade Jagert Abernatisielyne thim layenad chiomjum eegydwrgiepepitad entgdlie bet ween
1 oubsLr ot gL LBl et 15 5 RUAR s e T 920 b1 1o
Wherever a gold layer is used, chromium can be applied if necessary to improve the
adhesion of gold to the adjacent materials. Typically, this polymer film is flexible and
has a different thermal coefficient of expansion than the electrode layer. Because the
electrode layer and biasing layer components of the flexible composite expand at
different rates, the flexible composite curls towards the layer having the lower thermal
coefficient of expansion.
Of course, other techniques may be used to curl the flexible composite. For
example, different depositon process steps can be used to create intrinsic stresses so as
to curl the layers comprising the flexible composite. Further, the flexible composite
can be curled by creating intrinsic mechanical stresses in the layers included therein.
In addition, sequential temperature changes can be used to curl the flexible composite.
For instance, the polymer film can be deposited as a liquid and then cured by elevated
temperatures so that it forms a solid polymer layer. Preferably, a polymer having a
higher thermal coefficient of expansion than the electrode layer can be used. Next, the
polymer layer and electrode layer are cooled, creating stresses due to differences in the

thermal coefficients of expansion. The flexible composite curls because the polymer

layer shrinks faster than the electrode layer.

10



decreasing toward the distal portion. 4. A MEMS device according to Claim1l
wherein said nedial portion defines a contact zone where the air gap
decr eases to zero at a location between the fixed portion and distal
portion. SWORVIERE device accor ding to Claim1 wherein sBFYUS¥I3HRp is

mai nt ai ned W th or eration of C S 0 bet ween
the substrate el ectl¥\éoc e%gllri]e al%%ﬂmnolss?cfnét eec%“i’@a‘zvﬁ% t@ % %@m'[ IQI\%“’OO/ 73839
PCT/ US00/ 1375 9dlﬁ°ereﬁumﬂﬂdﬁndlecoeﬁ‘memaﬁ Ietkhaﬁgofx Bet@eéﬂ tite Electnbdzr 40 dhd palyther
substrate el ec %: underl tan J th ntire area of the nedial
and distal por “8 CBTltot‘H‘é ‘Hh;%% GV a litign sedpplymen iy gi ng
to daiml, whgeRishorohed rﬂa&?wsaﬁ@romsmatytb@%Bﬁfkdt&e@ﬂﬁé s8R la'yésoffbalyﬁher
substrate el ectrode. 8. A MEMS deévice accor di ng to Claim1, furtheér

conprising an fNi9ISEIVEEs pbiagies pomel strusiuse f couateraqtiths sndennyiie pyrhand hold
el ectrode. 9. tﬁe'}ﬁmg&ﬁgﬁﬁ%ﬁ%&%& 1%@1%?%@538@%@_5&\&@&' d conposite

bi asing layer conpris east one pol yner M5 devi ce
according to d ai mE.l;clsmmgmmohstmatucbscsewp(brsci:mxetebttaélilhegenlt tepdency ofipreifegible

POl LT LT Sl RBRORc R Pl SO B b gt

el ectrode | ay erayehamvcd itd bias tetfleribhS doplositet id @huse Xjaaa6il.0The EurDis A@sitel €or

composite to Cﬁ!le moveable distal portion, but is a disadvantage for the medial portion. It is
important to provide a predictable medial portion shape and air gap for the
electrostatic MEMS devices provided by the present invention because operating
voltage characteristics are improved. For instance, a biasing control structure would
be used to preserve the cantilevered medial portion and air gap shown in Figure 2.
Biasing control structures are used to support the medial portion for all embodiments
of electrostatic MEMS devices according to the present invention. Absent a bias
control structure, the flexible composite would begin to curl away from the substrate
planar surface 32 at the beginning of the air gap, where the fixed portion of the
composite transitions to the medial portion.

A first embodiment of a biasing control structure according to the present
invention is shown in Figures 1 and 2. A biasing control layer 110 overlies the second
polymer layer 62 and structurally constrains the medial portion 80. As shown, the
biasing control layer overlies the fixed portion 70 of the flexible composite and
extends over the air gap 120 and medial portion 80 of the composite to its terminal
edge 112. Side portions 114 and 116 extend from the fixed portion 70 of the
composite, over the edge of the composite, and are anchored to the planar surface 32
or some other layer that is ultimately attached to the substrate 10. In addition to layer
110, electrode layer 40 and polymer layers 60 and 62 could be extended out past the
sides so as to hold the medial portion above the microelectronic substrate. As a result,
the medial portion is stiffened on the top and three sides by the biasing control

structure, limiting its flexibility. The biasing control structure also provides lateral
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12. A MEMS device according to Claim1l wherein said biasing | ayer conprises
at least two polynmer films of different thicknesses, urging the conposite
to curl. 13. A MEMS device according to Claim1 wherein said biasing |ayer
conprises WOOD/@3#32 two polyner filns of different coeffi FCTRISQO/LX7SI
expansi on, urging the conposite to curl. 14. A MEMS device according to
Cl ai m 1 wher ei FURPETt&C e Frsding Ppraign becanis it aehers ghampesid nogiiasytojthe WBUQ‘g%osi te
have different f [ EeTRONRSSd A MEMS
devi ce accordi lnaz@r;é;ﬁ&%d%iﬂrlnégﬁm?cgd {r‘nﬂs?g%é‘% %&)Tyrrer lf§g %c?lnu{og“tﬁﬁ%cngﬁen t he
medi al porti onfarmadfriom a metallized layerpaying a ther@ coefficieo0of X8 @BidAAFUAUIROO1 13759
16. A MEMS devj cecording. . I | 0, | 1.S

pai terned i n ¢ Pt ARGREf SRR otdR, DU EkR R MBI bt

film 17. A Mebpadgon diffesenthoditiguriderliha flaxible codnposicmmdyie @dedtoadoumerati on of

said flexible go site curls, out of the pla def.i ned by.the er surface
of | t he c)(;lrrposi ﬁ@%&lﬁcyﬁfﬂ cgrll'eilﬁer l(%%etré?ﬁyibefacﬁ%ﬁgﬂfyssogp:S’%P@ros%@f?n@éu 2% ai d -
conposi te el ectsmpisedines, gAlld closeNatét, Or 6thECHKORE as reuirdd tYEMH YL ARdial

according to Caim 17 wherein the flexible conposite has different radii of
curvature at dperier apd congebthe ai samvhaph eIk teminal sdga 112rpf theconmoNEXes alsevi ce

according to ' : Ia: sal | | ti i aenal |y
flatter than ?h@d(%#pg\gaﬁ{e& | gtﬁg’* goﬁ%?’?lggﬁmg %@%ﬁﬁ\%a{&%@% tgg%(?rl |1ng to
d ai m 1, wher epeortivhef thacérapasiter Aathefinfieatich point the air gap transitions from having a

generally constant distance d under the medial portion 80 to an increasing distance
under the distal portion 100 where the curl force of the composite causes it to move
away from the planar surface, as shown.

Alternatively, the biasing control structure can affect the characteristics of the
top surface of the medial portion, inherently holding the medial portion in position.
The thickness of the second polymer film layer 62 can be altered to control the curling
bias in the medial portion. For instance, the second layer can be thicker, thinner, or
completely removed in some portion of the medial portion. Further, the second layer
can be gridded, lined, cross-hatched, or otherwise patterned to modify the effective
thermal coefficient of expansion and hold the medial portion in place. As shown in
Figures 3 and 4, the second polymer film layer 62 may be patterned, or have portions
removed, to have variable thickness over the span of the medial portion 80, thereby
shaping, directing or reducing the force generated by thermal coefficients of
expansion. In addition, it is possible to alter the thermal coefficient of expansion by
adding impurities to the top layer comprising the medial portion. It is also possible to
alter the thickness of other layers comprising the flexible composite or provide support
underlying the medial portion to create a biasing control structure. Those skilled in the
art will appreciate that other techniques may be used to achieve bias control in the
medial portion. Further, combinations of the above techniques can be used to bias and
position the medial portion and air gap. Alternatively, the distal portion 100 can curl

toward or away from the underlying planar surface independent of the application of
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substrate el ectrode conprises generally the sane surface area as said
flexible electrode. 21. A MEMS device according to Caim1, wherein the
shape of said substrate electrode is generally the sane as the shape of
sai d flexi¥PaVE®¥trode. 22. A MEMS device according to EFEUMY137Rherein

ol L bl SRSl it oGS Bl R BB e SRS,

curl ed away frfplmehag under |l yi ng substrate fromthe proxinmal portion to the
novabl e distal portion. 24. A MEMS device according to Claiml, wherein
sai d flexible compoSiusemedial pertiansfacts dike 2 cartilever W@bsmwdwgls&m@r YHace

sel ected from Sfﬁecgﬁsglélﬁblééﬂi%gc'oﬁ&%%%&wfge rﬁﬁﬁiﬂ’cﬁ&dn\é‘%o HE@)%{Sl é}fe?sqﬁ)lm a

reflective | ower surface ) / evi ce accord alm1l, wherein
the conposite Mmedielportigoimposities Unlike pérventissal MyMS dv@rdstﬁtlngctumrsmhdl al

portion, reducipg al%%éggﬁl? c1lnl)$cﬁm81t1t i§ ﬁ‘él&j n}nﬁgéa%lﬂ{%%{l;ppfym% %ectrost\z/ipc Pogc /3839

PCTNS00113759 '?8 I'ce according conpri S ng a
bridgi ng | ayer Iexddetich, thg shaperof aiv gap m(mrﬂlthmhﬁiewsd flediahgortiewlaml arpheld i on of

the flexible corrposMetoth nt subsirate, reducln efl |I|ty
of said medi al ‘SRS 5 ecrease “)’-\“%gjl\)%’egreéﬁ ?‘8§{ea?‘?séat’éitff’féﬁ ‘E the ME

el ect romagnet i gevidBipr&Ading @ BBttolled ir gap, lower and more predlctable operating
voltages are provided by this embodiment of the present invention.

In operation, when no electrostatic force is applied the moveable distal portion
is biased to curl naturally while extending from the inflection point, thereby altering
the distance between the distal portion and the underlying planar surface. The
application of electrical charge to the substrate electrode and flexible electrode creates
an electrostatic force between them. The electrostatic force causes the moveable distal
portion containing the flexible electrode to vary its separation with respect to the
planar surface overlying the substrate electrode. Optionally, the electrostatic force can
also cause the medial portion to vary its separation with respect to the planar surface.
Preferably, the electrostatic force attracts the flexible electrode to the substrate
electrode, causing the biased distal portion to uncurl and conform to the surface of the
microelectronic substrate. Alternatively, the electrostatic ' rce can repel the substrate
and flexible electrodes, causing the moveable distal portion to curl away from the
planar surface of the microelectronic substrate. The supported medial portion remains
cantilevered in position defining a constant air gap above the underlying planar
surface. The non-increasing air gap insures that relatively modest voltages, such as 30
volts for instance, may be used to initiate movement of the composite. An increasing
air gap requires higher voltages, such as 80 volts for example.

As shown in Figure 2, a constant air gap 120 may be created between the
medial portion and the underlying planar surface. Alternatively, a decreasing air gap
130 as shown in Figures 3 and 5 may be created, using the present invention wherein

the medial portion contacts the underlying planar surface and a decreasing air gap is
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a source of electromagnetic radiation, wherein the el ectromagnetic

radi ation di'rected along at | east one predeternined path; at |east one MEMS
el ectrostatic radiation attenuator proxinmate said radiatign gat h and

conpri si ng¥@9Hi38P0el ectroni ¢ substrate defining a pl anar PSTPPYHRTS 5
substrate electrode.farmng a | ayer on.the.sur of the substrate; a
lexi bi e compotiortiedy The iyt s eBhuBRite & Ao REfs dexkse s B e 21

el ectrode | ayepre@iodsta dstdséd ke with regdidtocieprRaial poridy iritthipgdpl xed portion
attached to the under] yi ng}ﬂzurface, a nedial portion defining a

non-i ncreasi ng ai r_@apﬂg‘li%‘*‘t é‘ﬁdtsh%P%rH%? ‘_QF gecantaysrf@olymsr {iR 62 onposi t e

el ectrode, andpx%xﬁlx!xa‘ié Ak fiRed pdrfibn ﬁ@iéq'@xjnlgvéﬁ‘ fbinih§ 8 Bﬁt@éméd%ém. SHRSEEALe

el ectrode; and an insulator electrica separating said substrate
el ect rode fromageriof pplymer filne 62 hasot hights theprgal coeffiEivnt ofl expansinntthar tbe fexibleuat or

according to dai.m27%.furthern risin | t age source. .wherein.

2ppl | cat ton-of e 9 gk s Rh BRI iEe et B S RamIRET PR BRI anc
sai d el ect r odesichye polgmerfiles6Mandiexitle eledtride 40 f The vyl dTdhd deeordl 15¥e lof
portion of said flexible conposite into and out of said at _| east one
predet er ni ned PAVReOHIMESZRhOREYRgOrion caatea thediexibigcompasiin ) i eektpyardat i ¢
att enuat or - accadhAglyid fhhl Rrdbe 32 0hELho A8EHRYsIaRL Ac@RrPdppfi¥d. OThiS Bifl

el ectrostatic attenuators disposed along at |east one path of

el ect r omagnet i resultsdiegatise the tixrmal opeffpiEny gB3pamon af$eRibleciexrode 40 convplis

el ectrostatic atien r rdi i 7 rejn sai J,Cr oel ectronic
substrate tran%‘}ﬁtctagyeg}t%crpggﬁgjaﬁleog g%ggpé‘%cgttiﬁéo%)dgﬁmﬁ%gfa?%/rﬁgﬁg‘éc{gﬁg at t enuat ed.
31. A MEMS el eUlttimaéiatheanadidl @ottmh eangantizdly domacets the Ghdeértyind/plade swtace and

substrate el ectrode ansmts el ectrqomagnetic radiati of, the type bein
att enuat ed. supportedt tilere y. Moveable dtlstzﬁ pogﬂ)n 108 begams at an(l)n ection poemt ly(!% g

where the flexible composite 50 begins to separate anew and curl upwardly from the
underlying planar surface 32. The moveable distal portion 100 can curl toward or
away from the underlying planar surface 32 of the insulator 30 according to the
materials used and the number and order of the component layers forming the flexible
composite 50. Alternatively, an additional layer, such as another polymer layer, can be
deposited overlying polymer layer 62 in the medial portion 80 in order to curl the
medial portion toward the microelectronic substrate.

The different MEMS devices disclosed are similar in operation. Without
applying electrostatic force, the distal portion is naturally curved. Once the substrate
electrode and flexible electrode are energized, an electrostatic force is created
therebetween. Because the air gap is controlled, or the flexible composite contacts the
insulator near the substrate electrode, the embodiments shown operate with lower and
more predictable operating voltages. Once the proper amount of electrical potential is
applied, electrostatic forces move the distal portion having the flexible electrode. The
separation between the moveable distal portion and the underlying planar surface
varies in response to an applied electrostatic force. Preferably, the biased medial
portion and air gap retain the shapes shown whether or not electrostatic forces are

applied. Alternatively, the medial portion can be electrostatically attracted toward the
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32. A MEMS el ectrostatic attenuator according to O aim 27 wherein said
fl exi bl e conposite bl ocks the transm ssion of el ectromagnetic radiation of

the type begjn enuated. 33. A MEMS el ectrostatic atte r ording to
Claim 27 mﬁ@r@fﬁééai d flexible conposite is disposed par %ﬁ%elﬁo?lgﬁ%ai d at

| east one path | L RS k: 4 %g]l;m '

at t enuat or accggéﬁrﬁgn%% %H al m%éfcpv{;]\gg'lésﬂ]&g@ﬁc@éf irgéj? e ggér}%g%éﬁégée&?éﬁﬂc

di sposed per pempdidictdbality pHths aledirastatic MEM Saleei cesgirbvidéd B the presera gnventian are

radi ati on. 35 . rr%{ hoc% 0of attenuating el ectromagnetic radiation using a
MEMVG el ect r ost SEFRCH WY t8i8For having a microel ectronic substrate having a

substrate el ect r odeTh@#lectbsfatie MIEMS de@tR@edvided b \thdgrestht Rivetioh e opeyer
the flexible conposite novable in response to an, el ectrostatic force

created bet weefs ehateauaen efglesremagnetieensrain dVigihie lighk dtfrasef 1asery @ magngic et hod
compri Sing the of kARSI Efuendy riifildnHiay e lob VERARh{ed, AlfleBlel O pRisCd (hrdilgh| CaSt

one predeterm ned path proximate the electrostatic attenuator; selectively
generating an éeaddEMSsatignuatorf die satinbleasition lof the distal partion dlasks vapiagand t he

el ectrode | aye%mgﬁnt[a Q?li%hlt %MLfeﬁ%@&%ﬁé&%@?«?ﬁ@@ iBH.gFMﬁstHcﬁf‘th%hEtaFO”po.si te

a predetermne Istance to selective or clear electromagnetic
radi ati on travebitiog cail bempowid so@s st totalip clearswtedtellyminteestcipthe bathf r esponse to
the electrostatjc force,

attenuating el SEEFURERIRES ‘i%giap%\/\?‘% %5%1%%@ ?‘]’i‘g g;f-{ 2 4’% :F)%’c 9er ‘gg‘feéltpt\? gea‘éf?hﬁg n(tj;t or
according to Cigémecshe paheifRicorsaidhetd faBiatibn) PehifMg@aARAIbS ESntrol of the

amount of electromagnetic radiation passed. The beam can be traveling parallel to the
substrate surface in which case the actuation of the device pulls the distal portion
down out of the light beam path. Alternatively, the beam could be transmitted through
a transparent substrate with a transparent fixed electrode, where the actuation of the
device pulls the distal portion down in the light path. The surface of the flexible
composite could be coated with a thin film of a highly reflective material to minimize
the heating of the film by the beam. For the case of the beam traveling parallel to the
surface, multiple actuators could be used to attenuate the beam. A series of actuators
along the path of the beam would provide either redundancy or an “OR” type logic.
Similarly, two or more (depending on the beam size and (actuator size) actuators
placed across the path of the beam would provide an “AND?” type logic. Because the
radius of curvature of the composite is controlled by the thicknesses and material
choices of the flexible film, beams of different sizes and spacings from the substrate
can be attenuated through control of the device design.

With a curled flexible composite, the reflected radiation will be dispersed over
a range of angles depending on the composite curvature and beam properties. Greater
control over the reflected light can be achieved by leaving the flexible composite flat
and not curled. This can be done through the removal of some of the materials at the
distal end, by controlling the thicknesses of the materials, or by adding other materials.
The flat surface of the distal end will then reflect the light with less dispersion. The
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directing the el ectromagnetic radiation along a predeterm ned path
generally parallel to the plane defined by said flexible conposite. 37. A
met hod of attenuating el ectromagnetic radiation using a MEMS el ectrostatic
att enuat or W@ ng to C aim 35, wherein said directing PQTétFOQ/lﬂTﬂ’ri ses

directing the el ect ma c.radiatio | ong a, predeterm ned path
general |y perp@?Fd?f@JfaéF ‘{1 {’%@Stﬁll%ﬁ%orﬂtgmﬁ g'gwhgﬁ’ie@‘alﬂl"gﬂ?rbmél LB te.
38. A method othealctugfor & bibék PGt é@ﬂ@ﬂlﬂh@éﬂtﬁiﬁélﬁ%@éub%t&ﬁitﬂ&n%&@%g the

el ectrostatic attenuator according C aim 35, wherein said noving step

conpri ses ITDVI agfvethee. fAceudiedy, é@mp@@gpg theeapehicatipy. thevend ofithawlistabpasiionst r at e
el ectrode, ﬁﬁ:@?{%‘?nfh "%rod &Jnggtc&}]&hgf&g{rogngegnvglg,?%grostat| c force

bet ween the su strate e ayer A nmet hod of
attenuating el ectr OHMEMS alectrastatid attenuaiet awgordeMeqiraemmmwabm comprisesnuat or

according to m 35 t her .conpris of. b| sing the flexible
Compos! 12 (o mbIRuRs oLesmat Ponepaa MIYS eBfiufhans @Rields grétiouss

mi croel ect r oni desstibed. Fiputes @hane Mishew aﬂbl@&i‘d’sﬁﬁﬁ:a&trﬁlafo@ﬁ@o@rdiﬂé aRfprefat
substrate electrode and the el ectrode | ayer. 40. A method of attenuatl ng
el ect romagnet i E™EBARa L PHFPUERSI o Glegtramagneit wdiation 144} is dirggtedalong #leastensy di ng

to Caim 35, Wﬁf‘eﬁ%ﬁmﬁé’d $hiOXE ﬂﬁm%tlﬁmlga%@ralpaﬁlsoﬁewa&mhédeﬂgréd%oﬂﬁ%ee of
novenent of said flexible conposite by varyi'ng the magnitude of

el ectrostatic irttﬁtr@@t@elihxé?!ee@nwgslm@n Aslmtlydbsﬁthcmomaem@mradmt@nan@ bgai d

el ectrode | ayer, [ nuat i ng
el ect romagnet i (c:hre‘:%%ii ?ngo ;%&?hcﬁgﬁgggﬁﬁé%g% bétr:'%“rr}ggl (%jomc Sut%%ttraaguat ors,
each having a m)czrsebdvacinrmgure 7s Depéndirigeonthy type ofelsatloaiaprdtie radigdnteily, a

fl exi bl e conposijte h& Lngpan el ecg Wd’f the flexible conposite

movabl e in respiiuated.dhefpnsirection gEthy echrosyatt &FEB’aBé(PWégﬁo@%u
substrate el eckkiggle and said el ectrode | ayer, the nethod conprising the

steps of: directing el ectromagnetic radiation along at |east one
predet er ni ned pat h phowpigteldompngmigoelestrogicaubstigte Wrmay ba selosisd @efosding

sel ectively gepgy r%hha[h%n%ﬂargét@rfs‘nw&h?% inﬁteil [{6Pa ?ﬁ&?{‘g’ﬁ é}bgrogjlﬁgﬁétf ate

el ectrode and sal ectro ayer eas ect e ectrostatic
attenuator wit mdmtmheFatrinawco;‘a :ellbsicatcf ma@aall meayaiet seleatad ﬁmstraxandtsnidwkrsgort he

flexible COrrpOSIﬂtects 2D ¢ r3?s:lectromagﬁétlcorarfcﬁat%oen & re%teccii att gg’&bsgateatFor example, a

glass substrate may be used to reflect or block a beam of visible light. The substrate
electrode 20 and flexible composite 50 can also be constructed from materials having
the desired attenuation on a certain type of electromagnetic radiation. Further, the
flexible composite 50 may have one or more surfaces that reflect electromagnetic
energy. For instance, the upper surface, lower surface, or both surfaces of a flexible
electrode may reflect a laser beam.

Figure 8 shows a plurality of electrostatic attenuators 150 comprising an array.

The material surrounding the actuator movable flexible composite may be retained to
form a well, as shown in Figure 8, or removed as shown in Figure 1. As shown, the
path of electromagnetic radiation may intersect one or more attenuators within the
array. All or a coordinated subset of the attenuators within the array may be activated.

Subsets of attenuators may be arranged in any manner, including rows, columns, or in

other organizations.
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attenuator within the array of electrostatic attenuators a predeterm ned
di stance to selectively obstruct or clear el ectromagnetic radiation )

traveling along at | east one predeterm ned path in respon to th
sel ective \ﬂgr?@/??f?? on of electrostatic force. 42. A net hoﬂéiwsgq/&aéﬁuati ng
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at | east one r gMctadiehtidByrte) dnd RRvink Bhe AdxEhl€ QIS Sth¥hitdhubtop B sdleafivelypast
one row. 44. A nethod of attenuating el ectromagnetic radiation according to

Cl ai m 41, wher ebsirustorglegpeipqirpmageiicTadiptiandeayeling abongi ah ipagt opg predetegningd d
el ectrostatic g%]thenuators wWithin said array into at | east one row and at

| east one colu and noving the flexible conposites within said at |east

one row and at | easThodisecting siemcan2bmpAs: difecting/the elattr@Baghstic vadiation dlbhda AFAY

- A3{r. Ah . A3 érEeGel:':tefmAfged IS%thAIgenerally parallel or perpendicular to the plane defined by the
flexible composite. The moving step can comprise moving the flexible composite
away from or towards the substrate. Alternatively, the moving step may comprise
biasing the flexible composite to move in a predetermined direction relative to the
microelectronic substrate absent an electrostatic force between the substrate and
composite electrodes. Optionally the moving step can comprise controlling the degree
of movement of the flexible composite by varying the magnitude of the electrostatic
force generated between the electrodes.

The present invention further provides a method of attenuating electromagnetic
radiation using an array of electrostatic MEMS attenuators. The method comprises the
step of directing electromagnetic radiation along at least one path proximate the array
of attenuators. The method further comprises the step of selectively generating an
electrostatic force between the substrate and flexible composite electrodes within at
least one electrostatic attenuator selected from the array. [ sily, the method comprises
the step of moving the flexible composite for at least one selected electrostatic
attenuator within the array a predetermined distance to selectively obstruct or clear at
least one path of electromagnetic radiation proximate the attenuator array. As before,
the path of electromagnetic radiation can be totally obstructed, partially obstructed, or
not obstructed at all. The selectively generating step can optionally comprise
activating a subset of electrostatic attenuators within the array. The moving step may
optionally comprise arranging a subset of arrayed electromagnetic attenuators into at
least one row, and moving the flexible composites corresponding to the attenuators
within at least one row. Alternatively, the moving step can comprise arranging a

subset of arrayed electrostatic attenuators into at least one row and at least one column,
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2. A MEMS device according to Claim 1 wherein said medial portion
defines a generally constant air gap between the substrate electrode and the composite

electrode and extending from the fixed portion to the distal portion.

3. A MEMS device according to Claim 1 wherein said medial portion
defines a generally decreasing air gap between the substrate electrode and the
composite electrode, with the air gap being largest proximate the fixed portion and

decreasing toward the distal portion.

4, A MEMS device according to Claim 1 wherein said medial portion
defines a contact zone where the air gap decreases to zero at a location between the

fixed portion and distal portion.
5. A MEMS device according to Claim 1 wherein said air gap is

maintained with or without the generation of an electrostatic force between the

substrate electrode and the composite electrode layer.
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composite.

7. A MEMS device according to Claim 1, wherein said insulator is

attached to and overlies said substrate electrode.

8. A MEMS device according to Claim 1, further comprising an insulator

between said substrate and said substrate electrode.

9. A MEMS device according to Claim 1, wherein said composite biasing

layer comprises at least one polymer film.

10. A MEMS device according to Claim 1, wherein said composite biasing

layer comprises polymer films on opposite sides of said composite electrode layer.

11. A MEMS device according to Claim 1 wherein said composite biasing
layer and electrode layer have different coefficients of expansion, urging the composite

to curl.

12. A MEMS device according to Claim 1 wherein said biasing layer
comprises at least two polymer films of different thicknesses, urging the composite to

curl.

13. A MEMS device according to Claim 1 wherein said biasing layer
comprises at least two polymer films of different coefficients of expansion, urging the

composite to curl.

14. A MEMS device according to Claim 1 wherein said biasing layer and
the electrode layer in the composite have different levels of stress, urging the

composite to curl.

15. A MEMS device according to Claim 9 wherein said polymer film is
thinner in the medial portion than in the distal portion.

20



106109 ()-10%&' ()-" 109%& ()-4109%& ()-!10%& ()-sssM XttvdEYNC 10 F
Z109&' ()-F LMLO%& ()-310%& ()-s10%& ()-L! 109%& ()-3Y109&' ()-v=w |/}}}dEYNC
10 F410%& &) 25109&' () -

15109%& () -WPO9GHR? () - F109& ()-: LOGLOY& ()-}}1}}}~~T{\ = 10BCTHSRUI7TS. £

Lo (IR O e A nk T RS it i ks o

10N 0%&! () Ml Peferngd th thOBBdia) porfrodi¥Eerhovednt RUR ' s6ine bs e YBlytmer il C
10! 10%&' () -1 Z109%& ()- 10 10 1056 100& ()-- 109%& ()- @ F1i0%& ()- pcdEbC

17. A MEMS device according to Claim 1, wherein the distal portion of
said flexible composite curls out of the plane defined by the upper surface of the
composite when no electrostatic force is created between said composite electrode and

said flexible electrode.

18. A MEMS device according to Claim 17 wherein the flexible composite

has different radii of curvature at different locations on the distal portion.

19. A MEMS device according to Claim 1, wherein said composite medial

portion is generally flatter than the composite distal portion.

20. A MEMS device according to Claim 1, wherein the surface area of said
substrate electrode comprises generally the same surface area as said flexible

electrode.

21. A MEMS device according to Claim 1, wherein the shape of said

substrate electrode is generally the same as the shape of said flexible electrode.

22, A MEMS device according to Claim 1, wherein said flexible composite

has a generally rectangular shape.

23. A MEMS device according to Claim 1, wherein said flexible composite
generally curled away from the underlying substrate from the proximal portion to the

movable distal portion.

24. A MEMS device according to Claim 1, wherein said flexible composite
has at least one reflective surface portion selected from the group consisting of a

reflective upper surface and a reflective lower surface.

25. A MEMS device according to Claim 1, wherein the composite further
comprises a stiffened layer overlying the medial portion, reducing the flexibility of

said medial portion.
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layer extending from the lateral portions of the medial portion of the flexible

composite to the adjacent substrate, reducing the flexibility of said medial portion.

27. A MEMS electrostatic attenuator of electromagnetic radiation,
comprising:

a source of electromagnetic radiation, wherein the electromagnetic
radiation directed along at least one predetermined path;

at least one MEMS electrostatic radiation attenuator proximate said
radiation path and comprising

a microelectronic substrate defining a planar surface;

a substrate electrode forming a layer on the surface of the substrate;

a flexible composite overlying the substrate electrode and having an electrode
layer and a biasing layer, the composite having a fixed portion attached to the
underlying surface, a medial portion defining a non-increasing air gap between the
substrate electrode and the composite electrode, and a distal portion movable with
respect to the substrate electrode; and

an insulator electrically separating said substrate electrode from said flexible

electrode.

28. A MEMS electrostatic attenuator according to Claim 27 further
comprising a voltage source, wherein the application of a voltage differential between
said substrate electrode and said electrode layer creates an electrostatic force moving
the distal portion of said flexible composite into and out of said at least one

predetermined path of electromagnetic radiation.
29. A MEMS electrostatic attenuator according to Claim 27 further

comprising an array of said electrostatic attenuators disposed along at least one path of

electromagnetic radiation.
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32. A MEMS electrostatic attenuator according to Claim 27 wherein said
flexible composite blocks the transmission of electromagnetic radiation of the type

being attenuated.

33. A MEMS electrostatic attenuator according to Claim 27 wherein said
flexible composite is disposed parallel to said at least one path of electromagnetic

radiation.

34. A MEMS electrostatic attenuator according to Claim 27 wherein said
flexible composite is disposed perpendicular to said at least one path of

electromagnetic radiation.

35. A method of attenuating electromagnetic radiation using a MEMS
electrostatic attenuator having a microelectronic substrate having a substrate electrode,
and a flexible composite having an electrode layer, the flexible composite movable in
response to an electrostatic force created between the substrate electrode and the
electrode layer, the method comprising the steps of:

directing electromagnetic radiation along at least one predetermined
path proximate the electrostatic attenuator;

selectively generating an electrostatic force between the substrate
electrode and the electrode layer of the flexible composite and

moving the flexible composite a predetermined distance to selectively
obstruct or clear electromagnetic radiation traveling along at least one

predetermined path in response to the electrostatic force.
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37. A method of attenuating electromagnetic radiation using a MEMS
electrostatic attenuator according to Claim 35, wherein said directing step comprises
directing the electromagnetic radiation along a predetermined path generally

perpendicular to the plane defined by said flexible composite.

38. A method of attenuating electromagnetic radiation using a MEMS
electrostatic attenuator according to Claim 35, wherein said moving step comprises
moving the flexible composite generally away from the substrate electrode, in
response to the selective generation of electrostatic force between the substrate

electrode and the electrode layer.

39. A method of attenuating electromagnetic radiation using a MEMS
electrostatic attenuator according to Claim 35, further comprising the step of biasing
the flexible composite to move in a predetermined direction relative to said
microelectronic substrate absent an electrostatic force between the substrate electrode

and the electrode layer.

40. A method of attenuating electromagnetic radiation using a MEMS
electrostatic attenuator according to Claim 35, wherein said moving step comprises
controlling the degree of movement of said flexible composite by varying the
magnitude of the electrostatic force generated between said substrate electrode and

said electrode layer.
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substrate electrode and said electrode layer, the method comprising the steps of:

directing electromagnetic radiation along at least one predetermined path
proximate an array of electrostatic attenuators;

selectively generating an electrostatic force between said substrate electrode
and said electrode layer for at least one selected electrostatic attenuator within the
array of electrostatic attenuators; and

moving the flexible composite for the at least one selected electrostatic
attenuator within the array of electrostatic attenuators a predetermined distance to
selectively obstruct or clear electromagnetic radiation traveling along at least one

predetermined path in response to the selective generation of electrostatic force.

42, A method of attenuating electromagnetic radiation according to Claim
41, wherein said selectively generating step comprises activating a subset of said

electrostatic attenuators within said array.

43. A method of attenuating electromagnetic rad:ution according to Claim
41, wherein said moving step comprises arranging a subset of said electrostatic
attenuators within said array into at least one row and moving the flexible composites

within said at least one row.

44, A method of attenuating electromagnetic radiation according to Claim
41, wherein said moving step comprises arranging a subset of said electrostatic
attenuators within said array into at least one row and at least one column and moving

the flexible composites within said at least one row and at least one column.
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