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application of a suitable field. The progranmmable netallization cell
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incorporate relatively large amounts of metal to behave as a solid electrolyte. Under
certain bias conditions, the metal ions in the electrolyte are reduced to form an
electrodeposit that acts as a conducting link between the metal contacts
(electrodes). As a result, the resistance of the device can be greatly decreased. In
addition, applying a reverse bias will cause the electrodeposit to disperse and return
the device to a state of high resistance.

[0002] Formation or dissolution of an electrodeposit on a microelectronic structure
or device changes the surface characteristics of the device thereby enabling one to
manipulate or control the surface of the device. Moreover, since the ability to
increase applications of a device depends on the ability to manipulate or control the
device, there is a need for devices which already possess the ability to control
surface characteristics and mass distributions of the devices by simply applying

glectrical means to the devices.



1 WD 03/036736 PCT/ US02/ 34558 Sunmmary of the Invention [0003] The present
invention is directed to surface structures of m crodevices whose physical
and el ectwpDmalodd7e@t ur es can be mani pul at ed by appl yi ng anP€lrasn2/34588 means
to the structures in order to control the surface characteristics and nass

di stribution _of such vices.. Applying an electrical neans to m crodevice
structures M@%ﬂ@&mﬁsi tions will cause the el ectrodeposition of
el ectrodi ssolution_of an el ectrodeposit which can significantly aJter the
surf ad®@®har act eri IhpcRreghdt yestiongissiredied iters C?hﬁﬂh‘qu?% VINEEASV5684)
In accordance with one exenplary enbodi nent of the present inventi oq,_ a
pr ogr anabl e Whape pb¥siedRNCtlediial deatuies| Gaade maripHiptedbearRYNg e &efticdl on

| ayer containing a conductive material, and a pair of electrodes on the
surface of tHeans|tectheostyucures|inordas Pagastrohtiten Seitceoeharpetedsticst 3 Egss
having the sane type of conductive material as the electrolyte solution

| ayer. |n acdistriition ofisuh dawces pArnlying Bnteigciricak 818ana g MicrdeNigRHTUCTENRS
electrolyte solution layer is a chal cogenide glass wth a dissolved netal
such as sil véayingaepain cempbsiiions. wilkzaugs theyeledieddepgeifivref elgetseissolutionpf

di ssolved netal in accordance with the invention include solid solutions
of AsxSl1-x- Agn dhectSelbprsifyhicBeoadlsigniffapntiAskelthe-DufacEehF@tickisiing and mass
GexSl-x-Cu, conbinations of these materials, and the like. In accordance
wi t h anot her datfirdionef thd micsodavinedi nent, an el ectrodeposit is present on
the surface of the solid electrolyte solution |ayer extending between the
pai r gboeflect r odes in Zbeoraheed witidepe ekemplng embotlineers wf trec preséntt iheertioh; d

el ectrolyte solution |ayer to becone hydrophobi c and can

programmable surface control device includes a solid electrolyte solution layer
containing a conductive material, and a pair of electrodes on the surface of the
electrolyte solution layer with one of the electrodes having the same type of
conductive material as the electrolyte solution layer. In accordance with one aspect
of this exemplary embodiment, the electrolyte solution layer is a chalcogenide glass
with a dissolved metal such as silver, copper, and zinc. Exemplary chalcogenide
glasses with dissolved metal in accordance with the invention include solid solutions
of AsS1cAg, GeSeixAd, GexSixAg, AsS1Cu, GesSecCu, GeSixCu,
combinations of these materials, and the like. In accordance with another aspect of
this embodiment, an electrodeposit is present on the surface of the solid electrolyte
solution layer extending between the pair of electrodes. The electrodeposit causes
the surface of the solid electrolyte solution layer to become hydrophobic and can
also cause an increase in friction of the surface layer.

[0005] In accordance with another exemplary embodiment of the present

invention, a programmable surface control device like that described above is used

to fabricate a tunable cantilever assembly by incorporating the programmable



al so cause an increase in friction of the surface |ayer. [0005] In

accordance with anot her exenpl ary enbodi nent of the present invention, a
pr ogr ammeNsDe3ssa7B@ce control device |ike that described alPoYasey34ssed to
fabricate a tunable cantilever assenbly by incorporating the programmabl e
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arm In acc Ace ohe aspect una canti| ever asse

cantil ever arm has ductl antl ' t ted
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except f of mesew? nd By mauEied o2 Mpcinaydier SRS apor iP5 SF ElesBefle

di sposed on eSO|d e solutlonJa r the end of the
cantil ever 50 pyex ﬂ)éerh%ér&%tcgﬂ@eveéaﬂ{m PN ?'F'Bade%\ﬂ@nthﬁ {elvgr aft" bi as
is applied betwe n.the sacrjfi el ectrogde t he conducting cantjl ever
b het ol PEREL T BbHS S alsieqie uFT. b S Sariadt balinsgd ofas S6id

el ectrol yte sol ution Iayer and forman el ectrodeposit on the cantilever arm
proxi mat e t @eEFRIVIBnTPIWIAN Ryet neat dif PP \RErthe iGaNtIRYPle BHPFSIG; K GIGHPITY t he
mass of the cantl | ever assembly. [0006] The present invention is also

di rect ed t ocantileyventip Wnrmﬁufﬁ@eat b'@ﬁ@@@ﬁ?‘ﬁ?ﬁ'@?%’e%m%‘%@r@@ﬁi plgstrofieand

whi ch includes the steps of formng a solid electrolyte solution |ayer
cont ai ni ng Wecwnduetinoveariigver itinl mekd ignsrfremdhe spaiificiilfeleciiagetdigsgbe I8k t he
surface of the solid electrolyte solution layer where one el ectrode

i ncl udes t hbeselgetrelyipesdfitirp tryes tandefarmt an i electepsieppsit oH) the epridaves|afme

solution layer. The programmbl e surface control device is controlled by
appl yi ng a prokimsde to the end having the cantilever tip thereby redistributing the mass of the

cantilever assembly.

[0006] The present invention is also directed to a method for making a
programmable surface control device which includes the steps of forming a solid
electrolyte solution layer containing a conductive material and forming a pair of
electrodes on the surface of the solid electrolyte solution layer where one electrode
includes the same type of conductive material as the solid electrolyte solution layer.
The programmable surface control device is controlled by applying a voltage
between the pair of electrodes to create or dissolve an electrodeposit which, as a
result, changes the surface characteristics and mass distributions of the device. In
one aspect of this exemplary method of the invention, an electrodeposit is created
which alters the surface tension of the solid electrolyte solution layer thereby
increasing the contact angle of the electrodeposit with the solution layer and making
the solution layer more hydrophobic. In another aspect of this exemplary method,
the electrodeposit increases the friction of the surface of the solid electrolyte

solution layer.



between the pair of electrodes to create or dissolve an el ectrodeposit
which, as a result, changes the surface characteristics and mass

di st ri butworg/0sd73¢ he device. In one aspect of this exenplPamyusars4sssl of the
invention, an el ectrodeposit is created which alters the surface tension
of the solid electrolyte solution |ayer thereby increasing the contact
angl e of the el ectr tuepabet exdropiatyramsasinenteh theagresenririaveniionng methpg for
solution layer nore hydrophobic. In another aspect of this exenplary

met hod, t he nedkéwgt a dulegiods icentilacereassesbiyhie presartedmwhigh nhledes féraieg afsofithe
solid electrolyte solution layer. 3 WO 03/036736 PCT/US02/ 34558 | n anot her
exenpl ary enfetadirolte solutibmdayer esomtdining\ee conductiva matetaldand rforninadiangaia of
tunabl e cantil ever assenbly is presented which includes formng a solid

el ectrol yte sfctrbilen ohayeurfacmbaitn sgidaclecinslyiet solatiomalager aheesinl oherafithg a
pair of electrodes on a surface of the solid electrolyte solution |ayer

wherein one @fectrB@es BlcRries Atkesaib Wondesive meatewareaschs doiition dayer! theisalutias t he
solution layer, the solution |layer and el ectrodes being forned within the

structure of |Aefand ble@uBiePbSATRIHedaNthin RBRINENE: 8f HicastilévertaBsemblgcdrddes
at a magni tude sufficient to change a mass distribution of the cantilever
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under standi ng of the present invention rmay be derived by referring to the

det ai | ed descfidufitiBR AHE &ndildTer aspsiider ed in connection with the
figures, wherein like reference nunerals refer to simlar elenents

t hroughout the figures, and:

Brief Description of the Drawings

[0007] A more complete understanding of the present invention may be derived by
referring to the detailed description and claims, considered in connection with the
figures, wherein like reference numerals refer to similar elements throughout the
figures, and:

[0008] Figure 1 is a cross-sectional illustration of an exemplary embodiment of a
programmable surface control device in accordance with the present invention,

[0009] Figure 2 is a cross-sectional illustration of another exemplary embodiment
of a programmable surface control device in accordance with the present invention
which includes a tunable cantilever assembly; and

[0010] Figure 3 is a cross-sectional illustration of the tunable cantilever assembly
in Figure 2 shown with a bias applied between the sacrificial electrode and the

conducting cantilever arm tip.



[0008] Figure 1 is a cross-sectional illustration of an exenpl ary

enbodi nent of a programmabl e surface control device in accordance with the
present iWOeaw3@BRs [0009] Figure 2 is a cross-sectional PCITAspy/atssoHn of
anot her exenpl ary enbodi ment of a progranmmabl e surface control device in
accordance w %Dgﬁ@é= fonl NVention which includes a tunable cantilever
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of an exenpl ary enbodi ment of a programmabl e surface control device 5 in

accordance wi RS&NEe %ﬁéé‘@‘iﬁ‘i“cleflﬁfé'md%‘ﬁs't upse\arplicalion ¥ PRRS el ectrodes 10 and

20 formed on a surface of a |ayer of a solid electrolyte solution 30,
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Device 5 includes electrodes 10 and 20 formed on a surface of a layer of a solid
electrolyte solution 30. Solid electrolyte solution layer 30 is formed from a material
that conducts ions upon application of a sufficient voltage. Suitable materials for
solid electrolyte solution layer 30 include chalcogenide glasses with dissolved
conductive materials, such as dissolved metals and/or metal ions. The
concentration of the metal in the chalcogenide glasses is typically on the order of
many tens of atomic percent. In accordance with the present invention, exemplary
chalcogenide glasses with dissolved metal include solid solutions of As,S1.-Ag,
Ge,SerxrAg, GeSixAg, AsxS1-Cu, GexSerxCu, GeS1«-Cu, other chalcogenide
materials which include silver, copper, or zinc, combinations of these materials, and
the like.

[0013] Electrodes 10 and 20 include an anode having an oxidizable form of the
metal dissolved in the chalcogenide glass and an inert cathode. When a voltage is
applied between electrodes 10 and 20, the positively charged metal ions will migrate
toward the cathode region. Once a sufficient bias is applied, the metal ions will form

a stable metallic electrodeposit 40 that may extend across the surface of the solid



conductive materials, such as dissolved netals and/or netal ions. The
concentration of the netal in the chal cogenide glasses is typically on the
order of woewag3d7ens of atom c percent. |In accordance w t hPChAISpr/aeSemnt

i nvention, exenplary chal cogenide glasses with dissolved netal include
sol i d sol uti atectofyté\saiBtion tafgr 30 @musthe cdthady toGimeSinodeAgTheAmaghityds- Githe
GexSel X-Cu, GeMsi _X Cu, other chal cogenide materials which include
silver, coppsiffictentlizisigs wilinbepeatd apsnothet heseiatmtisedaltse sarids tdsestdrices.

[ 0013] El ectrodes 10 and 20 include an anode havi ng an oxi di zabl e form of

the netal diigsplededntnhthfeopitatycoutiai devigh. aTheapplied biaeid typasalipddthinvien a
voltage is applied between el ectrodes 10 and 20, the positively charged

netal ions wirhhgdTbOsssue 200anand 20kve baeik ade Bppiceicddg endbesekilfeiddn eing aki as
is applied, the netal ions will form a stable netallic el ectrodeposit 40

that may ext qpgt A%/ Biss duiBbieUof 3] stdbe ARtdIE efecBidbdsA3Y dfay be used.
PCT/ US02/ 34558 electrol yte solution |layer 30 fromthe cathode to the
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material s used, the series resistances involved, and the geonetry of the
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angle of the surface of solid electrolyte solution layer 30 thereby resulting in a more
hydrophobic surface. For example, silver electrodeposition on the surface of a
programmable surface control device in which silver is dissolved in a germanium
selenide glass may alter the surface tension of the surface of the glass so that the
contact angle may increase by 30 degrees or more, making the surface of the glass
significantly more hydrophobic. In another exemplary embodiment of the present
invention, the presence of the electrodeposit may increase the friction of the surface
of the glass. Reversing the applied bias will cause the electrodissolution of the
electrodeposit, thereby returning the programmable surface control device to its
original surface state. In a further exemplary embodiment of the present invention,
metal ions can be manipulated towards either the cathode or the anode by
supplying a sufficient bias to the programmable surface control device. Accordingly,
mass distribution within the programmable surface control device can be controlled.

[0015] In another exemplary embodiment of the invention, the programmable

surface control technology of the present invention is used to fabricate tunable



enbodi nent of the present invention, electrodeposit 40 may increase the
contact angle of the surface of solid electrolyte solution |ayer 30

t her eby rweuwB84186 i n a nore hydrophobi c surface. For exa®prajS0%B455%r

el ectrodeposition on the surface of a programmable surface control device

in which sil\antiegertissegblies] Flyure eilisnitestan sréeplade egbadimdmf al tueable he
surface tension of the surface of the glass so that the contact angle nmay

increase by I@nflegsrerseMblyMpoan abBdidacd With Slerdrasent aivehhen gl ass
significantly nore hydrophobic. In another exenplary enbodi nent of the

presepdo1g)nvent i oncahhrver £5RRBR PH0 NBRIJES 8TahPEea0sht 10@Ihat RCMeaRed tg
friction of the surface of the glass. Reversing the applied bias wll

cause the el fdisQf 98RrU112ht%nd Md 42 C4T QHRRASH tard hBLelNd reicuhiidliggt he
programuabl e surface control device to its original surface state. In a
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mani pul ated towards either the cathode or e ano y supplying a
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includes a sacrificial electrode 120 disposed on solid electrolyte solution layer 130
remote from conducting cantilever arm tip 110 and near end 113 of cantilever arm
102.

[0017] Solid electrolyte solution layer 130 is preferably formed from a
chalcogenide glass containing dissolved conductive materials, such as dissolved
metals and/or metal ions. Exemplary chalcogenide glasses having a dissolved metal
include solid solutions of As,S1.x-Ag, GexSe.x-Ag, GexS1.x-Ag, AsxS1x-Cu, GeSe
Cu, Ge,S1xCu, other chalcogenide materials which include silver, copper, or zinc,
combinations of these materials, and the like. Sacrificial electrode 120 is preferably
formed of an oxidizable form of the metal dissolved in solid electrolyte solution layer
130. For example, in one aspect of the invention, solid electrolyte solution layer 130
may comprise silver dissolved in a germanium selenide glass and sacrificial
electrode 120 may include an oxidizable form of silver.

[0018] Application of a bias between sacrificial electrode 120 and conducting

cantilever arm tip 110 is shown in Figure 3. When a sufficient bias, preferably



Dielectric layer 112 is nounted to a substrate 115. Cantil ever assenbly 100
further includes a solid electrolyte solution |ayer 130 which overlies
canti | evewOasn3a/62, and which is electrically isolated f POmIuSans4sbever arm
102 by anot her dlelectrl he exce n,of co
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electrolyte solution layer 130. Cantilever assenbly 100 also inclu
sacrificial epeyctingesantpevediasimdipet! beo H’@f‘ﬁﬁcrglc@!:?ﬂeﬂr?@“e1%%I'Sljl?‘i)%tﬁ’el & ye 130
remote from conducting cantilever armtip 110 and near end 113 of

cantil ever atqrcondgting centipverdin 41@| metal mrgstféo@éﬁeﬁlf%a{ qlegteqde) Y digsolve
preferably formed froma chal cogenide gl ass containing dissol ved

conduct i ve mintespld electsalvin soiution davsiride andgorm an glgiredeprsital 4G gheantilever
Exenpl ary chal cogeni de gl asses having a dissolved netal include solid

sol utions of aAs302x-Eleftrodepseitl 140 isgornmedke) cantilgyer asrst2, progimatetsend 1€l cu,
GexS1l , (-Cu, other chal cogenide materials which include silver, copper, or
zinc,  conbi atdaotisvest atrhe® suclerthal #, oeattiest henducieg milever @ral tiel 6t r ode
120 is preferably formed of an oxidizable formof the nmetal dissolved in
sol i d el ect r dlcgbringty, thd matal Boperare eFectivElyrredigtibpled, alomg brdength of cantflevehe

I nvention, solid electrolyte solution |layer 130 rmay conprise silver

di ssol ved i nasmgo2rhomusacsiétiehadedayas o asoddsetingi ¢antievier aemetirt f 6@ eha2Dy may
i nclude an oxidi zable formof silver. [0016] Application of a bias between

sacrificial ebdsstibaihg 1RO aradsconhdemritiover assehiblyeven0.ar itid preddling s mek®WN
in Figure 3. Wen a sufficient bias, preferably 7 WO 03/036736
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el ectrode 120 and
assembly 100.

[0019] The resonant frequency of cantilever assembly 100 can then be increased
by applying a sufficient reverse bias between sacrificial electrode 120 and
conducting cantilever arm tip 110. Applying a sufficient reverse bias between
sacrificial electrode 120 and conducting cantilever arm tip 110 will dissolve
electrodeposit 140 and cause the metal ions of electrodeposit 140 to move back into
solid electrolyte solution layer 130, and then migrate back into sacrificial anode 120.
Accordingly, the resonant frequency of cantilever assembly 100 can in effect be
tuned by applying a suitable bias or reverse bias between sacrificial electrode 120
and conducting cantilever arm tip 110.

[0020] The above described tunable cantilever assembly embodiment of the
present invention may be used in a growing number of microelectromechanical
systems (MEMS) applications in which the control of resonant frequency is critical.
Such applications include “rf MEMS” which utilize high Q mechanical resonators

which may be vibrating cantilevers, rather than electrical oscillators. Further, the



conducting cantilever armtip 110 so that sacrificial electrode 120 is
positive relative to conducting cantilever tip 110, netal ions from

sacri fi ciwi 08loaB¢ ode 120 di ssolve into solid electrolyt@®C3alsor/s4s | ayer
130 and forman el ectrodeposit 140 on cantil ever arm 102. El ectrodeposit
140 i s for nedbove-destribéd pevgrammabi2 synfane caatirel tesheoldgyl touldobe caed fdrdiner ar m
102 such that it overlies conducting cantilever armtip 110. Accordingly,

t he metal i ohmiray eystéreadri foelopntreliing tohbhgéeth adsongntdeveemghinrof raagd iof ever
arm 102 fromsacrificial anode 120 to conducting cantilever armtip 110

t hereby redfreguérigsi Mhetradistribsitionbf AaLE bhe ey addlisead biardddOin stiffieegsesiuhd | ng
mass redistribution of cantilever assenbly 100 | owers the resonant

frequency of catidver eveto sassdlbotrddddosilion il alstebe asempintagpliestions eyheed
cantil ever assenbly 100 can then be increased by applying a sufficient

reverse bi asireefrieRrnosachrddf Of dha® eftthe dndlaila aaftileoONBUGS S Gamidt lieyer
armtip 110. Applying a sufficient reverse bias between sacrificial

el ectrode 12@;@mélcf andakihdecéddratibeMeselamatibd i P 110 will dissol ve
el ectrodeposit 140 and cause the netal ions of electrodeposit 140 to nove
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sacrificial anode 120. © Accordingly, the resonant frequency of cantil ever
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bi as between sacrificia ectrode conducting cantilever armtip
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utilize hi ghfr%%%p%?icgrﬁlle\}’e?%%]@r%)ﬁe%, the invention is not so limited. For example, the
structure of the present invention may be suitably employed to electrically fine tune
deflection in accelerometer systems. Various other modifications, variations, and
enhancements in the design and arrangement of the method and devices set forth

herein may be made without departing from the present invention as set forth in the

appended claims.



whi ch may be vibrating cantilevers, rather than electrical oscillators.
Further, the 8 WD 03/036736 PCT/US02/ 34558 above-described programmabl e
surface cwotmsose7Be€chnol ogy coul d be used for fine- tuningPsyaiSens456% for
controlling changes in resonance over a narrow range of frequencies. The
redistri g]lgii on of mass and the additional change in stiffness of the
cantil ev MR to surface el ectrodeposition may al so be useful in
applications where the inertia of a "proof of mass" at the end of a
cantil evdi©@® ysed to deflect the cantilever arm during

accel erati on/ decel eration. [002 t hough t he present i [ 1S set
forth her1ei/h qr@pr@ﬁ@%ﬁﬁ]%g{@ge&oﬁfg%eﬁ:ﬁ? . 'S@W%ﬁgﬁ"aﬁf"@% S?){bt'éﬁoul d be
For exanpl daVEInePRAFIG B SOF kB! BiP 256 BoReF o SeEpatrLIan ane =
Frequency GHegENE INGHEI3sBABl PoLTe CRECHAVENTRISHA! STbto0g FPArTLY. For
exanpl e, the structure of the present invention nay b? Sui tablﬁl npl oyed
to el ectri cealutipn lpyer anmhesaidgalprieedasobeing caphiaired G%E{Yﬁ Q PEE SOt exfszi ous
other nodifications, variations, and enhancenments in the design and

ar r angement engble alteringtehvasadigiripation ekthedevicerth  herein nay be nmade wit hout

departing fromthe present invention as set forth in the appended clains.
9 WD 03/036736 PCT/US02/34558 dCdains | claim

2. The programmable surface control device of claim 1 wherein said solid
electrolyte solution layer comprises a chalcogenide glass and said conductive

material comprises a metal dissolved within said chalcogenide glass.

3. The programmable surface control device of claim 2, wherein said metal is

selected from the group consisting of silver, copper, and zinc.

4. The programmable surface control device of claim 2, wherein said chalcogenide

glass is selected from the group consisting of As,S1.x, GexS1.x and GexSe x.

5. The programmable surface control device of claim 2 further comprising a metallic

electrodeposit disposed on a surface of said solid electrolyte solution layer.

6. The programmable surface control device of claim 1 wherein the solid electrolyte

solution layer and electrodes are incorporated within a cantilever arm.

10



1. A progranmabl e surface control device conprising a solid electrolyte
solution |ayer containing a conductive nmaterial and a pair of el ectrodes
wi t h one welomosd7aele i ncl uding a form of the conductive naP€TIEsn2/34588 d solid
electrolyte solution |layer and said el ectrodes being configured rel ative

The.pr ogf arttinpe0eaFrae Sufine brL0pRES B SaFLb MRl et AFYAIT, =

el ectrolyte solution |ayef c ri.ses ha i .as8Ss .a b
conductive '® n’ﬁ?‘é’?tP‘gl o%%@?'@égga{a}ﬁ% 3‘3 Oﬁ?sé@qo%z@ \g\ngrtnﬁ%'%%saai ggr&?ﬁ‘g::“g%geni de
gl ass. 3. The_progranmmabl e surfgce gontrol device of claim2, wherein said
nmetal is s‘@”@@%’@garmtéﬂ@&q{bo%?%% @ansi sting of silver, copper, and zinc.
4. The programrabl e surface control device of claim2, wherein said
chal cogenide glass is selected fromthe group consisting of AsS, ,,
Ge, S1_Je and GeSel ,e. 5. The programmabl e surface onérol device.of claim
2 furt heS: cBifpraregrAgnabiet $Hrface Cgﬂ‘t&tg%\m—f‘p%i tlagh s-go\é’ eresh 214 il ce of
said solid electrolyte solution |layer. 6. The programmabl e rface, control
devi ce of celegtralvie whkiien fpveROVerles gaig captiiewenare a lﬁﬁ%p@@tﬁﬁ@m sqid
el ectrodes are incorporated within a cantilever arm 10 WO 03/ 0?f6736
PCT/ US02/ 34GB8lever amhdypr 68¢enthaislestriculayeicexceshat Hie ernAusEnd fagiieysh 6
wherein said cantilever armis nounted on a dielectric |ayer at one end and
conpri ses aarootimlucting cantilever armtip at an opposite end. 8. The
programuabl e surface control device of claim7 wherein said solid
el ectrolyte solution |layer overlies said cantilever armand is separated
fromsaid _

9. The programmable surface control device of claim 8 wherein said pair of

electrodes comprise a sacrificial electrode disposed on a surface of the solid
electrolyte solution layer and the conducting cantilever arm tip which is in contact

with the solid electrolyte solution layer.
10.The programmable surface control device of claim 9 further comprising an

electrodeposit on the surface of said solid electrolyte solution layer which

comprises conductive material removed from said sacrificial electrode.
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cantilever armby a second dielectric |ayer except at the conducting
cantilever armtip. 9. The progranmmabl e surface control device of claim8
wher ei n swDM3/0%i786 of el ectrodes conprise a sacrificial elP€FtUsozia4s88 sposed
on a surface of the solid electrolyte solution |layer and the conducting

cantil ev%q Tﬁr eirod fYﬁP'fc?rEr]nﬁ ghé}{)g%ﬁl%l{a é’l\qulag tc%ﬁtrﬁpbé\ﬂ? cﬁqﬁ@ﬁ?ﬂn?ﬂt sol ution

| ayer. e programma ce con evice o
conpri5|ng gb @%ectrodeposit on the surface of said solid electrolyte
sol ution I§§ r ich conprises conductive material renoved from said

sacrificial electrode. /1036736 PCT/ USQ2/ 34558 t hod for
forming a progr &HEH %Sgﬁjr %ﬁoﬁtéo @lpn@@{&‘%n eom s g?’?é"q'ﬁ%mng‘?r@ s of:
formngasolld el ectrol yt qutlonIa co i uct

material: formHging %&ia{' Ogﬁ?eéit@gﬁ 88@8&6%(;5 Qg FQ%CQ'%OGF% ﬁe §8|”i¥'8n
electrolytq sol ytian er mhereln on id electrodes includes said
conduct i ve 'R d¥ICRM Oaﬁd’¥ é?)'ﬂleﬁqt\ré’dﬁs B]C eg §a®£08dgq:tg/gtrp%tgggl e ficient to
change a mass distrjbution Vi ce. he met hod of claimi1l
wherein the steﬁpB‘B"ngp?pll"ﬁ‘ﬁﬁ%sé'dﬂ?l%@r@@ﬁﬁklf@'@ﬁt Eon@‘aé‘@@p? mgps AisHilKiay a

vol tage greater than about 100nV between said pair of electrodes to form
an el ect rod%fﬁé?iqev'cﬂ The met hod of claim 11 wherein the step of applying

a bias conprises the step of formng an el ectrodeposit on a surface of
said solid electrolyte solution |ayer.

12.The method of claim 11 wherein the step of applying a bias comprises the step
of applying a voltage greater than about 100mV between said pair of electrodes

to form an electrodeposit.

13.The method of claim 11 wherein the step of applying a bias comprises the step

of forming an electrodeposit on a surface of said solid electrolyte solution layer.

14.The method of claim 13 wherein the step of forming an electrodeposit lowers a

resonant frequency of the device.

15. The method of claim 14 further comprising the step of applying a reverse bias to

said electrodes.

16. The method of claim 15 wherein the step of applying a reverse bias comprises

the step of dissolving said electrodeposit.
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14. The net hod of claim 13 wherein the step of form ng an el ectrodeposit
| owers a resonant frequency of the device. 15. The nethod of claim 14
further cwopPBiosd7’eg t he step of applying a reverse bias toPCTdiSd2/ai5ext r odes.
16. The method of claim 15 wherein the step of applying a reverse bias

conpr| Seslgggg ﬁ\%@%doﬁf ¢ °J16’ ASerSRl fhet %%B&EP@%%BEA -t eYéQtrPég PRR 736

PCT/ US02/ hod cI arm erein the ste i ssol vi ng

et hod of | cl ORI f§§%ﬁ%ﬁﬁ§%@'ﬁe{piw lest g & bi as e device, e, The

are repeated in order to tune the device. 19. The nethod of claim1l
wher ei n sai d steps of form ng said solid electrolyte soI uti on | ayer and
rmed Wi thin cantil ever

Z?Lgnﬁf‘;r glerﬁef bmggf ‘aﬁ w 2FRIR the lepy nggi(a{/lrlﬁg i and 3 reviéiSe bias

are repeated in order to tune the device.
19. The method of claim 11 wherein said steps of forming said solid electrolyte

solution layer and said pair of elecirodes are formed within a structure of a

cantilever assembly to create a tunable cantilever device.
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