WD 2004/ 095484 PCT/ US2004/ 000984 REDUCI NG OXI DES ON A
SW TCHI NG FLU D I N A FLU D- BASED SW TCH Background of
WO b@4lopsaent i on [ 0001] Liquid nmetal mcro sw t cPERUS2004/000984

(LI MVB) have been made that use a Iliquid netal, such
as mercury, as the switching fluid. The liquid netal
may make and break electrical contacts. To change the
state of the switch, a force is applied to the
switching fluid, which causes it to change form and
nove. The liquid netal may form oxide filns that
i nhibit proper functioning of the switch. For
exanpl e, the oxide filmmay increase the surface
tension of the liquid netal, which may increase the
energy required for the switch to change state.
Summary of the Invention [0002] In. one enbodinent, a
nmet hod for reducing oxides on switching fluid is
di scl osed. The nethod includes depositing a swtching
fluid on@é!i!
i s deposi ?ﬁﬁg@énﬂ%é
of the switchin ]
with oxides on the switching fluid. Finally, the
first substrate is mated to a second substrate, the
first 1 WD 2004/ 095484 PCT/ US2004/ 000984 substrate
and the second substrate defining therebetwen a
cavi ty hol di ng Backgrounid oif the hvieéntiohhe cavity bei ng
sized to all ow novenent of the swtching fluid

[0001 get weeniglid et Hicke SRREnSS ALiRAvVIS) RA08Ibebh rAAE R4t use a

nbodi ment, the nmethod conprises depositing a
liquid metal, such as mercury, as the switching fluid. The liquid metal may make

0

it

D AL
a

and break electrical contacts. To change the state of the switch, a force is
applied to the switching fluid, which causes it to change form and move. The
liqguid metal may form oxide films that inhibit proper functioning of the switch. For
example, the oxide film may increase the surface tension of the liquid metal,

which may increase the energy required for the switch to change state.

Summary of the Invantion

[0002] In.one embodiment, a method for reducing oxides on switching fluid
is disclosed. The method includes depositing a switching fluid on a first
substrate. A solid reducing matefial is deposited so that it contacts at least a
portion of the switching fluid. The reducing material reacts with oxides on the

switching fluid. Finally, the first substrate is mated to a second substrate, the first
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5 swtching fluid on a first substrate. The sw tching

fluid is mxed with a reducing naterial to react with
wo@200do3548h the switching fluid. The first subsPCHUS200£000984

mated to a second substrate, the first substrate and

the second substrate defining therebetween a cavity

subsiiftEaRe ﬁ%@gﬁﬁi& g‘?“%‘%eé ifithoe REr R Ay i dg e
switsPie fiGEn R Coyheind Saeade Ao mave ant ef oWt fid

a swtching fluid channel. An actuating fluid m xed
betweeh firstrasgleeanpdreietssi al is deposited on a first

substrate. The reducing material contacts the
[0003i t chilngridtherderdbodingerdwHeahetoat eormprasgedeprsling a

reduces oxides on the switching fluid. The first

switchHRpfitialon ANkt aubsearRd TR ShitehiBg TR Fshﬂﬂ(e@%fﬁﬁja réducing

together, the substrates defining between them a

mateﬁgf’fot ﬁéa'&P h%%c{etéeor?met Shiod n%fﬂp . ?Blfi‘é' Ar %ﬁ gfraféo F‘?n%ted to

I'onal cavitles, connecte SWt C

o e ol b e R e,

20 [0005] Illustrative enbodi nents of the invention
therehebveen goavily alding theeswiighing lyid, ithe gRvishbeingeied 1 alow
lillustrates a plan view of a first exenplary
moveameniddfitbea tswiching fiuidibeiwesme first\@indcdgcopd\Wtai2804/ 095484
PCT/ US2004/ 000984 [0007] FIG 2 illustrates an

[0004] evat ilam third tdmebsdibienl, thBansthod ddntprises derasitihg a
illustrates an exenplary nethod that nmay be use to

switcRiE& id BawifchiHgdnRateanayl. &R aefudih§Siuid nfRél Rith
reducing material is deposited on a first substrate. The reducing material
contacts the switching fluid during switch state changes and reduces oxides on
the switching fluid. The first substrate and a second substrate are then mated
together, the substrates defining between them a cavity holding the switching
fluid and one or more additional cavities, connected to thé switching fluid cavity,

that hold the actuating fluid mixed with the reducing material.

Brief Description of the Drawings

[0005] lllustrative embodiments of the invention are illustrated in the
drawings in which:
[0006] FIG. 1 illustrates a plan view of a first exemplary embodiment of a

fluid-based switch;
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[0008] FIG 4 illustrates an elevation of a second

exenpl ary enbodinent 5 of a fluid-based swtch;
wWQO@I0Ys484 G 5 il lustrates an exenpl ary net hodPCTras2008§00984

be used to produce the fluid-based switch of FIG 4;

[0010] FIG 6 illustrates a perspective view of a

ot B ATA es
pé“ﬂé‘:%eﬁ&;@ b & GerPIRCBRS bR M 5o BRed i Resrucsrtne

~a switch includi n%q reducing material to react with
fluid-baseeswiseh o§ MEShil @§dfd;ui d; [0012] FIG 8 illustrates
a plan view of another embodi nent of a switch 15
[000&]nc| udiFi@. dellustratgs smtedevation efrals¢OsHBExdhBarg embodiment
illustrates an exenplary nethod that may be used to
of a fRli@¥dsedtshgicew tch of FIG 8. 3 WO 2004/ 095484
PCT/ US2004/ 000984 Detail ed Description [0014] FIGS. |

nd 2 i {.
roooffS = e s el S Ra A AT Y BEuSet T
i r, of act atl fl dcavitie55102 106, anda
prwlﬂ)‘ﬁ&‘%ﬂ“'@gﬂs? {£17%8Of #1 that connect corresponding
es of _the actuating fl UId cavities 102, 106 to the
[001%]\M t chifil§- O lUV%UQiQ%latRﬁr&@%CT'VIGtV@\Q ofafirst exemplahat
nore or fewer cavities may be forned in the swtch.
embdeimeexk afrplsavitchiinclpding refluciagtmatsriad td rasct withvaxidesson
102, 106 and pair of connecting cavities 108, 110 may
switchixg fluid;
[0011] FIG. 7 illustrates a perspective view of a second exemplary
embodiment of a switch including reducing material to react with oxides on
switching fluid;
[0012] FIG. 8 illustrates a plan view of another embodiment of a switch
including reducing material; and

[0013] FIG. 9 illustrates an exemplary method that may be used to

produce the switch of FIG. 8.
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repl aced by a single actuating fluid cavity and single
connecting cavity. 10 [0015] As illustrated by FIG 3,

wo b@4s9§48€£h 100 may be produced by depositi ngpGDESH04/000984
switching fluid 118 on a plurality of switch contacts
(e.g., electrodes) 112-116 on a first substrate 101.
In one enbodi nent, the switching fluid nay be a |iquid
netal, such as nmercury or alloys that contain gallium

As wll be descrihed i,n further _ detail below the
switching fluid 11 e 15 make and break

contact between the contacts 112, 114, 116. In
[0014]l t er ndtI&Seriband Adhstrate fuid-benen gwitchisuchms @blMMS The

deposited on a plurality of wettable pads and may be
switchSi@d holudeera switkHimg diidl dzphitty e, Bpairdt dctugting fieid cavities
swtch illustrated in FIG 1 includes three contacts,

102, I106 Sé‘ﬁ’dl bhieofdRitREG AIEd 10NRbL 8dHiIREA %b@resgaﬁ@iﬁg RsSof the

have 'a different nunber of contacts

actu*ﬁ\@tf ul@ ﬁéggg% ﬁlg? ?B@ 7o} trﬁ sM&?uag flﬁgfé’z?\é wzﬁg 19 |é \ﬂsioned
that B S Were aRgben B faied i ek, © E%S%%fﬁi)'&r fhg pair of

that has a | ower negative reduction potential than
actuating fiug cawiling 1PRuil 06 @md Ra@f Ganngstag cavitieg d08wil { f naay be

WO 2004/ 095484 PCT/ US2004/ 000984 oxi des that form on
replatéed byva sioplenactbiatingifldid&avily andysinglesoampting vhaty.

mercury is wused as the switching fluid, the reducing

[0015]Bt er i s MBstréteddySEIG. B, ey ewitoh 108rhay be prbdocediby
magnesi um al um num ti t ani um mnanganese, nickel,

doroSHYS0E G [N SOIS Ui gy B,

elect»%ﬁ!ggz qgg t1r1|a%f%@g”f#%§d§§trfa@ﬁ |81S 1 ﬁﬁz A ?@EBH ﬁﬁe&?fh‘@&pnching
fluid may be a liquid metal, such as mercury or alloys that contain gallium. As
will be described in further detail below, the switching fluid 118 may be used to
make and break contact between the contacts 112, 114, 116. In an alternate
embodiment, the switching fluid may be deposited on a plurality of wettable pads
and may be used to open and block light paths. Although the switch illustrated in
FIG. 1 includes three contacts, it should be appreciated that alternate
embodiments may have a different number of contacts.

[0016] Next, a reducing material 120 is deposited 310 in a location so that
it will contact at least a portion of the switching fluid 118 during switch state
changes. The reducing material 120 may be a material that has a lower

negative reduction potential than the switching fluid 118 that is used to react with
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al | ow novenent of the switching fluid between first

and second states. If the tenperature is high enough
wowvdohiops4she cavity hol ding the switching fl ui dPOT/US2004/000984

catal ysts are present, the reaction between the

reduci ng material and oxides on 10 the switching fluid

oxid GG MATFRE SR P S0 bBB el B9 BTVELof pxf R G bt Rbroury s

al ternate enbodj pent of a switch including  reducing
usedRg %W'?%ng gH@E@‘%?ﬁ%@%W%@W%‘&H% e gpligl laxgr of carbon,

illTustrated by FIG 5, the switch 400 can be produced
chromjurg efmeginesiigN, 508MEWN dHaRyN,| madganessd nidlkeh silgon or other

reducing material 418 on a plurality of contacts 412,
suitabdmaddifal) ocated on a first substrate 401. In an

al ternate enbodinent, switching fluid mxed with

duci nphe BBbGFAtaL 16381 0BurdnAlenSHdR W%téaamgqx i
mMEEds or Iefgﬁ?d elégctrodes. rSub%?ri?%éél gngTsand 40 aorlcémg

e <8 i A9G18 BA TSP ko TRt | e deGRYd ¥abd
ol TR kTR B D8 8 A BOUIET gROSIRS
I ncrease the surface area of the reducing material
tempgrriuge isoigh@noughtwithinthe @av%fwélngaﬂﬂgeawn%ﬁmﬂ@ddﬂ
switching fluid oxides. By way of exanple, the

catalgsistarbipngséntuing reaptibre betweentre reeluging imatdrich and oxides on
2004/ 095484 PCT/ US2004/ 000984 as nercury, and the

the sivitdHRigMLIicNebApPrétedtBhEA e FEMIing RiaBHAINBOrMAEE g5 UM
al um num titanium mnanganese, nickel, or silicon.
itckirefiuigui tabl e reducing materials may al so be used.
SWltCAsHEﬁwlg switch changes state, the switching fluid nmay

oo1gf_ ™ Xﬁgﬁ'ﬁﬂ@@tg@?g AR iRt BB R or bR RELRTY
reducing material to reduce oxides on switching fluid. As illustrated by FIG. 5,
the switch 400 can be produced by depositing 505 switching fluid mixed with
reducing material 418 on a plurality of contacts 412, 414, 416 located on a first
substrate 401. In an alternate embodiment, switching fluid mixed with reducing
material 418 may be deposited on wettable pads or liquid electrodes. Substrates
401 and 403 are mated together 515 so that a switching fluid cavity is defined
between the substrates.

[0019] The reducing material may be particles or powder deposited on or
mixed with the switching fluid. This may increase the surface area of the

reducing material and allow less material to reduce larger amounts of switching

fluid oxides. By way of example, the switching fluid may be a liquid metal, such
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5 that may have fornmed on the switching fluid. [0020]
The functioning of a swtch according to one

weredvatpiaent can be explained with reference tPCHUR006000984
The switch 600 conprises a first substrate 602 and a
second substrate 604 mated together. The substrates

oo RTS8 e AP ATl A b,

the cavities are a plurality qQf electrodes 612, 614,
alumyin RaBiHrE RARgaRaLh fidkeb Qrestipon. (Ot autebpdenpeiiog
met al such as nercury) held within one or nore of the
mategials MeyPlsepesseto & switchcchaygest statsaghe awjiehing diuid
the plurality of electrodes 612-616 in response to
may bermixedtdilavirg theamolutieg matdrize i vohiglt agd Feadtdviti6aBy oxides
An actuating fluid 620 (e.g., an inert gas or |iquid)

that mel thavetBime® 0 the sWRERINkPH@l, the cavities serves to
apply the forces to the switching fluid 618. [0021] In

[oo26e eMbad ApR i(l)ﬁiggﬁ?% %Wé&fggcc‘?&&lirg t‘@%rfe%r%édf?ﬁé’x’uti &h e

to the swtc resu rom pressure

chan in the actpating, fluid, 6 The . pressyre
oxpleiih gD refbrote BEFHE 6 naneiifshddl) eopirsttf didmpstrate
changes to the switching fluid 618, and thereb£ cause
602 antba SECPRA SHESalgi P b1ated tagedinere The sybsitatas G2 ansk 604
etc. In FIG 6, the pressure of the actuating fluid
defing betweend themaanimper 6DGa\dlgs 666, 608, andeb t Baposdcwithin
switching fluid 618 as illustrated. In this state, the

one orirgbteoithepaivitiesfare lsepluralite of 6lettrodds 6ab, 6he, 618.t ah
600 are coupled to one another. If the pressure of

o S5 050 SR N30 88 o

one TRSRLENSICANER IR ol Hof AR e TGP il e
of eletc?ro %rst61§9éj1 éTFﬁr r%%pgﬁset poa¥or8c|ese ‘f‘ﬁart%orlg Sépgﬂiéd ?on’gie switching fluid
618. An actuating fluid 620 (e.g., an inert gas or liquid) held within one or more
of the cavities serves to apply the forces to the switching fluid 618.

[0021] In one embodiment of the switch 600, the forces applied to the
switching fluid 618 result from pressure changes in the actuating fluid 620. The
pressure changes in the actuating fluid 620 impart pressure changes to the
switching fluid 618, and thereby cause the switching fluid 618 to change form,
move, part, etc. In FIG. 6, the pressure of the actuating fluid 620 held in cavity
606 applies a force to part the switching fluid 618 as illustrated. In this state, the

rightmost pair of electrodes 614, 616 of the switch 600 are coupled to one

another. If the pressure of the actuating fluid 620 held in cavity 606 is relieved,
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616 are decoupl ed and el ectrodes 612 and 614 are
coupl ed. [0022] By way of exanple, pressure changes in
wo b@4megat ing fluid 620 5 may be achi eved byPOEHEAR00000984
heating the actuating fluid 620, or by means of
pi ezoel ectric punping. The forner is described in U S

art BRI BB 7 e g FERDAR0 e Bl R s e

. Co ker Switch El
Switcb0r 1464 SARCAETHH iR KRS A BRTGeks R BlPOdes 814 and

i ncorporated by reference for all that it discloses.
616 arpaldcaupted and elestrotlee812@ndH14 sre eeiidad. Appl i cati on

Serial No. 10/137,691 of Marvin denn Wng filed My
[0022], 200B\andy entkaingle, Pesireatiegtsiictid gctdatingfled 620

Liquid Metal Switch", which is also incorporated by

may b benrNes Héﬁ’r'}é‘leéhé of Héétnhé tred 86HLARARS flut 62@ Wbyt eans of

ove ref nced patent” and paten appl i cati on

plezog{esogtgﬁﬁwfﬁat}?g Weﬂ% o%sé Bi 0%, PhidhfuBYs2%88

act ua cavities, a si h

con R R B K ﬁrea%éggww% e

be |n'parted_to a svvltchln fluid fromsuch a cavity.
Contagiddreabandwitala: and Elachiical %ﬂﬂigcttwﬁ%hg MQIBPdoM*Hﬁ% is

operation of a switch such as that which is
hereby ingstparbied byrefé@nce fongl betfibdiscloses.t ibe latter is described
af ore-nmenti oned patent of Kondoh. [0023] Switch 600

in U.SUphfepit ApphtatdesSesaiucs Mo/may soialf MaRimGiath Wdry @8d May

switching fluid 618. Reducing material 622 may have a

2, 20??‘%&1 %ﬁg@ g %lbﬁgé‘l%fr%%ll R%TL%TEH%@LL@%@ Mtﬁh’ngvhlch is

the tenpera ure I'S enoug

o GELBIHEESREETIE LI SER00 ARSG4F T
refergNaacRFEH ¢ ARlEN CRRIGHIRD S0BIREBdba gipveriont of 4 SWtching
PCT/ US2004/ 000984
fluid by means of dual push/pull actuating fluid cavities, a single push/pull
actuating fluid cavity might suffice if significant enough push/pull pressure
changes could be imparted to a switching fluid from such a cavity. Additional
details concerning the construction and operation of a switch such as that which
is illustrated in FIG. 6 may be found in the afore-mentioned patent of Kondoh.
[0023] Switch 600 further includes reducing material 622 mixed with
switching fluid 618. Reducing material 622 may have a lower negative reduction
potential than switching fluid 618. [f the temperature is high enough or catalysts

are present, the reducing material may react with oxides and reduce the oxides

on the switching fluid 418. For example, if the switching fluid is mercury, the
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reduci ng material 622 may be carbon, chrom um

magnesi um alum num titanium manganese, nickel,
wa@Rdosoemasor ot her suitable material. |In alter nBC€EUS2004/000984

enbodi nents, reducing material 618 may be a solid

materi al deposited on one of the substrates. 5 [0024]

red“%a%%ﬁ%ﬁé%%’ e SR BBl lFon G AR, °

7. The sw 700 conpri ses strate 702 and

tanipr spdiapnEssa P Ickeh SvRn AL *aert%{j@?ﬂ’\% Slowa Jnslemies
702 and 704 define between them a number of cavities

embgdigentpgeduaing nextssiaka 18 wanbe aciadidanaiasieé depositesl on one of
cavities are a plurality of wettable pads 712-716. A

the slibskafesching fluid 718 (e.g., a liquid netal such as
mercury) is wettable to the pads 712-716 and is held

[002&\1 thi n DBEcEHd BREMPRry Etbdcimieht SﬁtheTMﬁcﬁdwnhgfaf%wnch 700
uid 718 serves to open and bl ock 1i ght

will nlgﬁvzté% éégcr?k?e@{ it rE1R8 H((Q% OPR.Y, Jf'ﬁ% %\é@]::p fd?ﬁcoﬁﬁ?fﬁééseé

o forc At are apprli

subsfidle t‘é&éﬁd&“@%ﬁﬁﬁ@%@ﬁ@%gﬂﬁt&é? 39818k e e Uipios 202

aligned with translucent windows in the cavity 708
and T} define bakvesn them adgumberaf cagitieskiQy 768, YAL. [Expesed

pat hs 722/ 724, 726/ 728 may be achi eved by virtue of
within bae (Irumanemmgefclauitiesme abluraditypphyetiablarpads TE2-71g. A

fluid 720 (e.g., an inert gas or |liquid) held within

switching fuid masgeqf., 4 liquidavietdl each @&\RSrdudy a8 Meattdbie td eCssds
to the switching fluid 718. 20 [0022{) Swi tch 700 e

712-PAslbhi ‘Pé“ﬁéthNl'tfﬂﬁ 'o‘h@e&r hBAYGE P8 (RtRS! ah]]e7 g\%teﬂnﬁ Hum ?‘Pg

sw tching fluid 618. Reducing nmateri al ave

oS MG o Wa%ﬁ”é@ie“éﬂﬂwe o
the cé‘ﬁ)’i@%ﬁﬁ :qg)sé)cpqﬁsé# tf§pqlggsr Lgllfedg7 & ed to tke SW|tm?1|ng ﬂwd 7‘18 By

way of example, the light paths may be defined by waveguides 722-728 that are
aligned with translucent windows in the cavity 708 holding the switching fluid.
Blocking of the light paths 722/724, 726/728 may be achieved by virtue of the
switching fluid 718 being opaque. An actuating fluid 720 (e.g., an inert gas or
liquid) held within one or more of the cavities serves to apply the forces to the
switching fluid 718.

[0025] Switch 700 additionally includes reducing material 730 mixed with
switching fluid 618. Reducing material 730 may have a lower negative reduction
potential than switching fluid 718 and may be used to react with oxides that may

form on switching fluid 718. For example, if the switching fluid is mercury, the
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8 WO 2004/ 095484 PCT/ US2004/ 000984 reduci ng nmateri al
730 may be carbon, chrom um magnesium al um num
W0 2doa948d manganese, nickel, silicon or ot herPGUSZI0I/@00984
material. In alternate enbodinents, reducing materi al
730 may be a solid material deposited on one of the

RGBT SRR S B o,

material. The switch 800 includes swW t chi | ui
titaniugy, Manggnese npickeln §ilisah Of ki suitaple Beierial Bﬁﬁ erpyate
actuating fluid cavities 802, 806, and a pair
embagdivientss sedo@ng s1atetiabt3Q nayde asofid @@@i@ﬁard@@nt@gl @t one of
the actuating fluid cavities 802, 806 to the
the sapsiratbeng fluid cavity 804. It is envisioned that nore
or 10 fewer cavities may be forned in the switch. For

[Qozggaﬁpl FIGL BQIILE&idle§En§ﬂfe¥%t5&jlmfehﬂbﬂa ‘Flé}ti bé% §\%@h
and pair of connecting cavities 808, may be

.re I S I t '
ranRIERR et P R Rk %z??ﬁgé%ﬂﬁ%"%av;y
cavities ol d reducjn teri.a ve
holdlnww&cmneﬁﬁ%ﬁggtma'rquca g cRiy s £0x b & Bineir
actuati ng/“fl uid may be a 15 erfl uorocarbon oil
of cayidieg 8083 @ﬁrquqm@epmrrem meopes ot theyastating Hpidyay
be a soluble material, such as al um num hydride or
cavitiee @02nBb6 rt«»Iﬂ}ezlsWﬂehingsﬂudﬂesavitW.eItéssaheisb)ried that more or

application, the actuating fluid applies forces to the

fewesvhiidd fthyfHafodm@dan tthe eaitsR. Foe exahiptd) tB8Gairofcvinating
state. As the switch changes state, the actuating

fluid éé\mlé’% ngee?qef“'aﬁ@ p%\ﬁe CoRoR gge&é\ﬁ{|e§éé808>m be?Replaced

material may t n react

by a g\fingne ac):gtu teﬁc'g ﬁﬂldt&ﬁ/lty aWdtsqpnblggc nlnlécﬂng cavity.

[0027] Actuating fluid cavities 802, 806 hold reducing material dissolved or
mixed with actuating fluid 815. By way of example, the actuating fluid may be a
perfluorocarbon oil (e.g., 3M Fluorinert™), and the reducing material may be a
soluble material, such as aluminum hydride or sodium borohydride. As
described elsewhere in this application, the actuating fluid applies forces to the
switching fluid 818 to cause the switch 800 to change state. As the switch
changes state, the actuating fluid mixed with reducing material 815 contacts
switching fluid. The reducing material may then react with oxides on the
switching fluid.

[0028] As illustrated by FIG. 9, the switch 800 may be produced by

depositing 905 a switching fluid 818 in a switching fluid channel. Switching fluid
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[0028] As illustrated by FIG 9, the switch 800 may be
produced by depositing 905 a switching fluid 818 in a
wauonohi4eyg fluid channel. Switching fluid 9 VEIT/US2004/000984
2004/ 095484 PCT/ US2004/ 000984 may be deposited on a

plurality of switch contacts (e.g., electrodes, or

L A S

ei ther substrate edtoe her tofor
padS{oGPR TR iy Swien0 MURLENaIaY. T8 TGy R EhanBebTaY be
al so deposited 910 on one 5 of the substrat es Next ,
locateeort eithar substetamated tegatber todormdhe swdled. subst rat e
so that a cavity 804 holding the switching fluid 818

An actuafiebifluid riesavedth relaecinguhateriat 845 isTaleo chyicsite@ @4 0ich one
sized to all ow novenent of the switching fluid

of thB&ureRatek! NNéxiafib Hae §ﬁ§st§étéﬁ§ﬁwaté@t‘o fife §&dhd substrate so
additional cavities 802 hol di ng the actuating

o A PPN SR 3 A dbSEdEhe

r educi terlal 0
subsirgtisncTaaEeull Bl eS80 39 sTRu o erodt o PBRwERing i
changes, the reducing material may reduce oxi des on
betwega fisgli anchserpnd sirteoyOnesmerg addiional cayitiegdid2, 806
[ 0029] Additional details concerning the construction
holdiagdhe petustingrfluid nzixed wiithcledsciol rasteriah81 Hvaire lalsosdefined
illustrated in FIG 7 may be found in the 15

betwatankgeobseaed. pad gt acthatienflgi rixedlwith RFlch®g Ridterial 815
application of Marvin Wng. [0030] Wile illustrative

appl@@%&%@é‘fﬁé 'sMntEF\ﬁfgeﬁdﬁ@‘l‘B'mﬂﬁigr@Mfc?} &hid Eﬁanq&‘,’g‘é@ Fé&lcing

have been describ i n detal herein, 1t Is

el S A ARG R ke ovces
[0026]?@ Fﬂgzgg(ﬁh%nqr}%}q%gfq é&é&quﬁgébg C%%Sﬁ’ggtlsgl‘{ gr?g operatlon of a
switch such as that which is illustrated in FIG. 7 may be found in the
aforementioned patent of Kondoh et al., and patent application of Marvin Wong.
[0030] While illustrative and presently preferred embodiments of the
invention have been described in detail herein, it is to be understood that the
inventive concepts may be otherwise variously embodied and employed. The

appended claims are intended to be construed to include such variations, except

as limited by the prior art.

10



20 as limted by the prior art. 10 WO 2004/ 095484
PCT/ US2004/ 000984 CLAIMS What is clainmed is: 1. A
wa o obs48onpri sing: first (602) and second (60BQT/IaL0e41000984
substrates defining therebetween at |east portions of
a nunber of cavities (606, 608, 610); a plurality of
el ectrodes (612, 614, 61H)AWAPosed within one or nore
of the cavities; a switching fluid (618), held within
Whatqg%;é}me@;qge of the caviti es, that serves to open and
close at least a pair of the plurality of electrodes

1. AISWItE:ﬁ%BH‘Bﬁ%lﬁL#d forces that are appl ied to the

a reducing material contacting at

|on of t.chin | ui,d reducin

ararpdePHet 58l (e Bakgelialant Siabe e BenGr

and an actuating fluid (620), held within one or nore
least gprijans ofz Number of pavities (16,898 fd0kor ces to said

switching fluid. 2. The switch of claim1, wherein the

r ezl ptuiralify roditededtaddesdBpR) 866, Gild)texpbesd ofithimenerdrahore of the

mxed with at |least a portion of the switching fluid
cavitie418) . 3. The switch of claim 1, wherein the reducing

mat eri al conprises powder mxed wth at |east a

p%@\ﬂ/@?ﬁ(i:r?%fl&i'&e(ﬁgb,tﬁﬂ OGthid hé of ﬂé&é -ofdhe TBGitRW {2l s8fves

one O erein the reduci ng mat eri al

to onf Ak B Banf arE et Banllaiqt BefPGRGh Phoonse to

forces that are applied to the switching fluid;

a reducing material contacting at least a portion of the switching fluid, the
reducing material to react with oxides on the switching fluid; and

an actuéting fluid (620), held within one or more of the cavities, that
applies the forces to said switching fluid.
2. The switch of claim 1, wherein the reducing material comprises particles of
material mixed with at least a portion of the switching fluid (418).
3. The switch of claim 1, wherein the reducing material comprises powder mixed
with at least a portion of the switching fluid (418).
4. The switch of one of claims 1-3, wherein the reducing material comprises one
of carbon, chromium, magnesium, aluminum, titanium, manganese, nickel, and
silicon.
5. The switch of one of claims 1-4, wherein the switching fluid comprisas

mercury.
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silicon. 5. The switch of one of clains 1-4, wherein

the swwtching fluid conprises nercury. 11 WO
wQoe4/00R8484 PCT/ US2004/ 000984 6. The swi tch PET/OR®00600984

clainms 1, 4, or 5, wherein the reducing materia

conprises a solid material (120) deposited on one of

6. Thehsvigdhbsit ¢rad eBclaints 1M savi 5,0bhereipthiesicaigicirg mater(al 02)
and second mated (704) substrates defining

comphi&s RENiNGEARE| g'z@?%‘eg%ﬁéd Sﬁ%n@fofﬁthé WiB8frafs,

cavities (706, a plurality of wettable pads

7. Aé\,ﬂél F%@ﬁm&% 6) exposed within one or nore of the

cavi tchlngfIU|d (718), wettable to said

it (AR ser b s skor gt dstfvns Pivchdivesnat

or nore of the caV|t|es in response to forces that
least perdioapsifisgtumbet aecaviiiasciOtyg 7PBul #0) a r educi ng
mat eri al contacting at |east a portion of the
s\ platalitg of weitdble ads (7d@ucilAg7 M) @rmpcsledtwithiraxie aimbre of
oxi des on the switching fluid; and an actuating fluid
the Cg\,‘y’t?é},) held within one or nore of the cavities, that
“applies the forces to said switching fluid. 8. A

S%W&Q{@Oﬁ%d (F 987 We’iﬁ%@e d &4i8 a@@%rﬁﬂ?&ﬂ%fﬁﬁ efe or more

substr ef'i ni'n ere et ween at ast portions

o B A b G808 RSB S0 BB

that is
the cavities in response to forces that are applied to the switching fluid;

a reducing material contacting at least a portion of the switching fluid, the
reducing material to react with oxides on the switching fluid; and

an actuating fluid (720), held within one or more of the cavities, that
applies the forces to said switching fluid.

8. A switch (800), comprising:

first and second mated substrates defining therebetween at least portions
of a number of cavities (802, 804, 806);

a switching fluid (818), held within one or more of the cavities, that is
movable between at least first and second switch states in response to forces
that are applied to the switching fluid;

an actuating fluid, held within one or more of the cavities, that applies the

forces to said switching fluid; and
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novabl e between at least first and second switch

states in response to forces that are applied to the
waewotoi4ey fluid; an actuating fluid, held w tPCTIUSI084/000984

or nore of the cavities, that applies the forces to

said switching fluid; and 12 WD 2004/ 095484

PETeUs2ing4anatiis mixed wil o agtuadingrfiuad, thie xedueing lageiné to

actuating fluid, the reducing agent to react with

react@uirdesdes ohithe suitchmgnitLidl | durthg SWitéhetataichaRgss.at e
changes. 9. The switch of claim 20, wherein the

. TR ORI AR el el Ao

10. "[lHétijiH:'cEH OPEI%IH") %”Wy\é%hcﬂl% ?Q&c?ﬁ&%ﬁ@n?%r%xgeré 8%@ o%ﬁthium

aluminum hydride and sodium borohydride.
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