WD 2004/ 095509 PCT/ US2004/ 001023 SUBSTRATE W TH
LI QUI D ELECTRODE 15 Background of the Invention [0001]
wa@uiogssnet al mcro switches (LI MVS) have beenP@mUs2004/001023
that use a liquid netal, such as nmercury, as the
switching fluid. The liquid nmetal may make and break
el ectrical contacts. To change the state of the
switch, a force is 20 applied to the switching fluid,
whi ch causes it to change form and nove. However, the
novenment of the nercury over the contacts can
sonetinmes decrease the reliability of the switch. 25
Summary of the Invention [0002] In one enbodi nent, a
substrate is disclosed that conprises a first |ayer
and a second | ayer. An electrode is deposited on the
first layer. The first Jlayer is mated to the second
| ayer. The sesgpdriraveE vgH Nefuid BuetTRepiE | eads
fromthe flrst el ectrode to a surface of the second
| ayer opposite the first electrode. A liquid electrode
fills at |least a portion of the duct. WO 2004/ 095509
PCT/ US2004/ 001023 Bri ef Description of the Drawi ngs 5
[0003] Illustrative enbodi ments of the invention are
illustrated in the drawings in which: [0004] FIG |

illustrates an el gva ilgn of @ fi{ste Ixerrpl ary
enbodi ment of a d | ayer that

may be used in a substrate for a fluid-based swtch;
10 [0005] FIG 2 illustrates the first and second

S EARAL S B LM I AU E R A
liguid metal, such as mercury, as the switching fluid. The liquid metal 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 move.

However, the movement of the mercury over the contacts can sometimes

decrease the reliability of the switch.

Summary of the Invention

[0002] In one embodiment, a substrate is disclosed that comprises a first
layer and a second layer. An electrode is deposited on the first layer. The first
layer is mated to the second layer. The second layer defines a duct that leads
from the first electrode to a surface of the second layer opposite the first

electrode. A liquid electrode fills at least a portion of the duct.
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[0006] FIG 3 illustrates an exenplary method for
meki ng a substrate such as that depicted in FIG 2;

wQO®anPssh G 4 illustrates a second exenpl ary PCT/US2004/001023

enbodi nent of a substrate 15 that nmay be used in a
fluid-based switch; [0008] FIG 5 illustrates a plan
view of a third exenplary enbodi nent of a substrate
that may be used in a fluid-based switch; [0009] FIG
6 illustrates an el evation of the substrate shown in
FIG 5; [0010] FIG 7 illustrates a perspective view
of a first exenp | i tch that
may use a substrb{e}{D?e Syl bl D?SW% [0011] FIG
8 illustrates an el evation of the switching fluid
cavity of the switch shown in FIG 7 7 WO

P03k oy diberrblin g Doy prine A BB EraEeBb R,

be usei‘é in a fluid- based switch such asaLII\/I\/S
§Bd by the nethod set forth in FIG 3,

ﬁq'éﬁeir“b2¥ fﬁqﬁe@&g%”g%%@?gef@gg@%co?%gg SRRy ”r?%@fﬁment of a

of exanple, the el ectrodes

| fé”ﬁ‘é‘@b’?b%l@sa éﬁ‘éPrtCHéy%" that mey\PErUSRE\N 6@@%%@30&? gmd(%sed

conprise) a ceramic material. Qther suitable

switade i al s nay aI so be used, such as polymer or gl ass.
[0013] Next, a qui d el ectrode 122, 124, 126 is
[06B5k| t ed F4G52 dhls@ateﬁ the fingd ape sepprslpyersof Fiepobsiated
el ectrodes 112, 114, 116. |In one enbodinent, the
togglied to et $Lm$§§t€n’@gﬂt peyad lil&mii id arfsicibasgbewitey es,
such as nercury electrodes. As will be described in

- [D0B6her déP@i B ilbetrates anhexdnmpjaiydnethed feradelgneraysubetrate such

used in
as that depicted in FIG. 2;

[0007] FIG. 4 illustrates a second exemplary embodiment of a substrate

that may be used in a fluid-based switch,

[oo08] FIG. 5 iliustrates a plan view of a third exemplary embodiment of a

substrate that may be used in a fluid-based switch;

[0009] FIG. 6 illustrates an elevation of the substrate shown in FIG. 5;
[0010] FIG. 7 illustrates a perspective view of a first exemplary
embodiment of a switch that may use a substrate including ducts; and

[0011] FIG. 8 illustrates an elevation of the switching fluid cavity of the

switch shown in FIG. 7.

2
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conjunction with a switching fluid in a fluid-based
swtch to nmake and break contact connections between
W0 b@4op3see r odes 112, 114, 116. 15 [0014] The spCDNH2004/001023
| ayer 103 defines a plurality of ducts 104, 106, 108.
These ducts are aligned 310 with the el ectrodes 112,
114, 116, 122, 124, 126 ' b he first |ayer
101 so that when the IaDe@ﬁR&ﬁb&ggﬂ lortlogether 315,
each of the liquid electrodes 122, 124, 126 is forced
through at |least a portion of the duct with which it

70, oo AT TR SRR AT B8 e i
i b s g T
b Sed o Dind 60 oLl o RN B S

t he ducts 104, 106, be tapered,  so. that, an
dgehifhg! BFon ﬁé"%iﬁ)@ter%gg- Et%"%o“r ¢i P& gL Pa geay be
112, 114, 116 is w der than an opening of the ,dLsct at
sligelepioden s ite Herleye ey hedenned rpielos GPMRERS)G CERENC
second | ayer opposite the electrodes 112 114, 116. In
reeterial Othergdtabisvmedatialsiiey @Rame Peed. $USR G Pohmae i ass.
may then nmake and break connections between the

[e0 3t r odedext 2 liquielestieien22rel2di 736 V& depasked PO @ngeach of
el ectrodes 122, 124, 126 rather than by wetting and
thepevidusty démsgbe etactiades 112, 114 1184 [In 916 enPsdénertnthe liquid
increase the reliability of the swwtch. If the ducts :
sectrodapenache tiguidapetabelestiages, stich he nirretry alegitsieso As will
cause the liquid electrodes 122, 124, 126 to remain

bai ddsicribéd @i furthesgetall belewd tivg kquid4jectroGes 1B endsadon

nove over the electrodes 112, 114, 116, thus

coRgnets wish ahavitodlrigathiid irt g flofd-hdsedswitcb o njad@lsid break

one enbodi nent, the walls of the ducts may be |ined

cohtdat Bonnections between the electrodes 112, 114, 116.

[0014] The second layer 103 defines a plurality of ducts 104, 106, 108.
These ducts are aligned 310 with the electrodes 112, 114, 116, 122, 124, 126
deposited on the first layer 101 so that when the layers are mated together 315,
each of the liquid electrodes 122, 124, 126 is forced through at least a portion of
the duct with which it is aligned.

[0015] The substrate 100 may be used in a fluid-based switch such as a
LIMMS. The ducts 104, 106, 108 may ‘be used to help prevent switching fluid
used in the switch from moving over the electrodes 112, 114, 116 as the
switching fluid makes and breaks contact between the electrodes. By way of
example, the ducts 104, 106, 108 may be tapered, so that an opening of the duct

at its respective electrode 112, 114, 116 is wider than an opening of the duct at
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10 wettable material to help the Iiquid el ectrodes
122, 124, 126 wet to the ducts 104, 106, 108. By way

wo@booenesspd e, the material of the second | ayer ROBUSHY4/001023

be fornmed from (or conprise) glass. However, the
second | ayer could also be formed frommaterials such

A RRRYTEL sl MRS sope SIS RS el 1, o
kg%e%' SW%hﬁ?MPHﬁ ﬂ%@%ov%%% 9 %%ﬂ%h?ﬁ’%ke and brgak

Snv ronrreh ormtap ere

t

%ﬁﬁg@?pius%@wasnW@Egﬁcﬁ@é@ﬁ*f? 2 Ty s RubhERbEy
%pg&g © 1% 450 rﬁgqe&léara&issvgltttg@h%tn rﬁwétlt”l? t?@ eéectrodes 112,
fﬁz@s”a Sreaoes e e fipbliSiofyBY Shisd® gl OFR A eperect

%%a%é@ré Séh%rié Bl er Jcﬂa?t@% il b BPHGHA I GHRcR 2%, T24, 126

nprise) ceramc, and the second and third | ayers may
t@éemwﬂhm sy (esPecvErRHGis 494.g108s 408 and @Pémoae FERKIE
suitable materials are also contenplated. [0018] The
eJeelnmtes Hyed 1408 Gdémsn@@reaswgJ%r@“ﬁwaf ofdhe s¥italn?,
404, 406 |eadin from el ectrodes 422, 424, 426

[88p6ki t ed IvAne REbPHiNeent, theyealisst the duetsenarbe lingchwish of

the second | ayer opposite the el ectrodes 422, 424,

WeiEabla raterfsl kaheln HWOIQOA 4laatg69 12ZTI 295166 47 da trsducts 104,
| ayer defines extensions 412, 414, 416 of the ducts

1R, 1080 By wiBoftdxatpledde frajenialof éhessedoaddays 10Remay be
second | ayer to an opposite surface of the third

fbayed froffher cexpess)igiass. dflowaeerdihetsecdi |ayét dould Biscabe
narrower than the ducts 402, 404, 406. Liquid

fetreed frodesaledialy. suchesqulymelsertoecateisy. F828,dudB4nayB6 made
fill at least a portion of 5 each of the ducts. At

weatle by pwtdliiong ofe glhss dafitisg tfe dunts (gt siadgfuitteddg by

the second |ayer 403 and the third | ayer 405 may be
[bomEd Wi t In sometchaibbrenemit eit mady Heodifficult to form tapered ducts such
as those depicted in FIG. 1. An alternate substrate that may be used in a fluid-
based switch to help reduce the movement of switching fiuid over elgactrodes is
fheref;)re depicted in FIG. 4. The substrate 400 includes a first layer 401, a
second layer 403 mated to the first layer 401, and a third layer 405 mated to the
second layer 403. By way of example, the first layer may be formed from (or
comprise) ceramic, and the second and third layers may be formed from (or
comprise) glass or ceramic. Other suitable materials are also contemplated.
[0018] The second layer 403 defines a plurality of ducts 402, 404, 406
leading from electrodes 422, 424, 426 deposited on the first layer 401 to the

surface of the second layer opposite the electrodes 422,'424, 426. The third
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help the liquid el ectrodes 432, 434, 436 wet to the

ducts 402, 404, 406. [0019] In one enbodi nent, the
wGeaivegnyEde 400 may be used in a fluid-based sPET/UR2004/001023

The shape of the ducts fornmed through the second and

third layers of the 10 substrate may cause the |iquid

&l Qfoeéxté?r%oné‘%%l A36 4‘4%3}3%& §ekybhi ﬁzﬁg@h 104+ léé@from

UCSﬁO remaln Wt nthe ct as swt

tﬁ%éﬁﬁ%tﬁeﬂ& hE %@5&&@85 Pllan 8 uﬁgsgym@qa,r&?a%@hél%ﬁe

S I ncreasin ere |I| the swtc

6[5(8020 -%I?%nes #Ll?&g r46}§e4 4{ Aﬁ Cére%ag%gfepﬁwabotgg%gmgsél@g 464 406.

simlar to eSCFI Prior to

Lﬁ,ticljg glg%r e%fﬁf?%g Zé/cef ?) gﬁfggiﬁ%ﬁ ﬁh?‘%%l% ?tl %aeggrrtlon of
St '%%Xarp@rs@n'y'gﬁﬂ LR et e fort By e
28 o o e s B e R B

substrate 500 that may eusedlnaflw b
relp Peta rirensr oo tog 44 Fieans sueisAb2, 495, 406
are deposited on a first |ayer 501 of the substra%
[%t@dnd Ia&ﬂé?nes@@bp@”l%ﬁhﬁ&%%ﬁté 4R PR HSPR{f? lslélbased
of exa the second | ayer may be forned
swftgim %be sbappe &@)dt@rte*a@gmeaﬁ@rwa tiq $%qonﬂaaf@rthwa§ﬁy@és of the
formed from (or conprise) a ceramic material. Qher
sybstraibineayneauseithe §qddeleatisies ¢8Rt ith|436tepositeypnithin each of
2004/ 095509 PCT/ US2004/ 001023 [0022] The second | ayer
tedliicie do eenpdiomathin §necfucti gs tswitshiag flsitienalsasBandchateake gantact
fromthe el ectrodes 522, 524, 526 to a surface of the
betesmmdelbatyetes ¥ P2, éﬁﬁo&&, éhug ineregisiagtthe delabBRRof pswitch.
526. The ducts conprise a bell shape, with the
[aQE)i ngs ©fie shiestchie DEFER. 4 may dledotmediesnd @i prgcesisdemilar to
than the openi ngs of the
that described in FIG. 3. Prior to mating 315 the second layer 403 to the first

layer 401, the smaller diameter ducts 412, 414, 416 of the third layer 405 may be
aligned with the ducts 402, 404, 406 of the second layer 403, and the third layer
405 may be mated to the second layer 403.

[0021] FIGS. 5 and 6 illustrate a third ekemplary embodiment of a
substrate 500 that may be used in a fluid-based switch. A plurality of electrodes
522, 524, 526 are deposited on a first layer 501 of the substrate. A second layer
503 is then mated to the first layer 501. By way of example, the second layer
may be formed from (or comprise) glass, and the first layer may be formed from

(or comprise) a ceramic material. Other suitable materials are also

contemplated.

wn
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5 ducts at the opposite surface of the second | ayer.
The bell shape may have a variety of profiles and may

wheookooised, for exanple, by masking the secondPCEHYE2004/001023

and then sandbl asting the bell shape(s) into the
second |l ayer. Optionally, indentations 504, 506, 508

(G155 10 ¥ R RRGAd dERNEL o BkaP oHBBESLR A 65590 ihhifcad

i ngs rom t ce of the seco

roRfe st Rat R eteoad BRISE: ?f\ég% o?’etaﬁ%ﬁéé%%rgﬁé s5pBSe
i v
o%%i%@fgﬁz%gﬁ% hfs ;ﬁpgé%?&a@&ﬁ?&ﬁﬁx §F6 GO he
Vs ERBEONRRELF FHITSEHON ?ﬁlétgit’fid fméb bﬁ“%h%‘i??%“‘b%@agﬁﬁve a

- 536, 538 wet to the ducts. The in t at
VB PhsIARIEn Al De JBT e S S Y RasBe T ST RYer

fluid used in a fluid-based swtch may wet to the
andthentsanidolasting to2ag! shepstrd l@ﬁﬁb@iﬁﬁ%@ﬁd laypre QRIOEH %t e
500 is used in a fluid-based swtch. The shape of the
indeotagond 804,506, 5888lefingd buihaesadead|layaiinepiePe Esebhipsecode
534, 536, 538 deposited wthin each of the ducts to

- theermeinimgsi df tihendutieifront Swpettace of tiiustcngddaversviinedrdeigations

fluid nakes and breaks connections between the
h&leeg traotkster labR th&2that 52Be diivts atrtbesudatenbieeaecosdmyer. It
508 provide a greater contact area for the liquid
sied e be eperechidd iR GtebE8: embddintents swyyse dagd Yesindentations
the indentations may help prevent the wettable
dépisten@s Figoan i fting their edges and nmoving out of 25
the i ndentations. 6 WO 2004/ 095509 PCT/ US2004/ 001023

[do2825] FliGid &lgondd8s (¢.bysterany eediiadst) B34r86abys fil at
enbodi nent of a fl uid-

least a portion of each of the ducts. The walls of the ducts may be lined with a

wettable material to help the liquid electrodes 534, 536, 538 wet to the ducts.

The indentations may also be lined with a wettable material so that a switching

fluid used in a fluid-based switch may wet to the indentations.

' [0024] In one embodiment, the substrate 500 is used in a fluid-based

switch. The shape of the ducts 514, 516, 518 may cause the liquid electrodes
534, 536, 538 deposited within each of the ducts to remain within their respective
ducts as a switching fluid makes and breaks connections between the electrodes
522, 524, 526. The indentations 504, 506, 508 provide a greater contact area for
the liquid electrodes 534, 536, 538, and the recessed edges of the indentations
may help prevent the wettable linings from lifting their edges and moving out of

the indentations.
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based switch. The switch 700 conprises a first
substrate, having a first layer 501 and a second

wo ay0e/09508. A second substrate 702 is mated t oP¢T®ES2004/001023

first substrate 501/503. The substrates 501/503, 702
defi ne between them a nunber of 5 cavities 704, 706,

8, [ 202P B R P Ol e phaber ol

oS TL o) o000, Pl Do B3 4 T DRUERE Rl ¢ pragver s
R R L P T NS e
ST BRI XN SUF S W N Ol

fluid_712 serves to open and close at |east a pair of
CRY{EeHT U 100t YOBf el ectrodes 522, 524, 526 in response
to forces_that are applied to the vvitg; in% fluid 712,
1042kt uat TS Q0GR BOBEINSS AT O G405 Pai SFE
held wthin one or nore of the cavities (e.g., )
(H&y Bhisash pOwhichoegds Beeal [ast gpp1of theneavitinsdeLnegftanrlurality
swtching fluid. 15 712, {0027 Portions of the first
obelbstredaset 220 22 An§2then Hist fibl ieyedd1oef thhsupsirgies & switching
creating "seal belts" 714, 716, 718. The creation of
fleidall 2ifelat s Fantlurtie duidimetal suchastryerzo) iphedrvgthin the ducts
switching fluid 712 provides additional surface areas
584 566, 688 ahtenswirtnodrery tHd cavitiegl(2.gragavitgt7 06T hiT ke svitching
only helps in latching the various states 20 that a
fleidi7tisiengesftb wipeéncan cesumdeadiat paat sfdhbelyslity of eleeibées
seal ed chanber from which the switching fluid cannot
588 GRae 52alirdrespbhsantonbrass thhtearswipblidd frothelswidhimayfluid@12.
nore easily punped (i.e., during switch state

AR hrugeiay fluldoRB(e.d.naw e riegdsost lieeid) hefd witliin Snietarmd@Mf the
the forces applied to the switching fluid 712 result

cAVIB (RIESEAitRsCITRNFO8) sdtvéh® asilyadd fagcekltuitise gdchiid@uid |
25 pressure changes in the actuating fluid 710 inpart

7pF essure changes to the

[0027] Portions of the first substrate 702 may be metallized for the purpose

of creating “seal belts” 714, 716, 718. The creation of seal belts 714-718 within a

cavity 706 holding switching fluid 712 providés additional surface areas to which

the switching fluid 712 may wet. This not only helps in latching the various states

that a switching fluid can assume, but also helps to create a sealed chamber from

which the switching fluid cannot escape, and within which the switching fluid may

be more easily pumped (i.e., during switch state changes).

[0028] In one embaodiment of the switch 700, the forces applied to the

switching fluid 712 result from pressure changes in the actuating fluid 710. The

pressure changes in the actuating fluid 710 impart pressure changes to the



10

7 WO 2004/ 095509 PCT/ US2004/ 001023 switching fluid

712, and thereby cause the switching fluid 712 to
web@agesshorm  nove, part, etc. In FIG 7, theP@resmos/an1023

of the actuating fluid 710 held in cavity 704 applies

a force to part the switching fluid 712 as

élYl ﬁg ﬂé’ﬁ@g‘lZ Le{hotstggﬁeby(%ﬁ@e tﬁehﬁmtcle flt'ﬁ@sﬁ’IZF{@iCﬁat?e form,

e swtch are couple to

\? %a?tngfchqﬁ HEes Otﬁhgr%sssbre b th%%t lﬁﬁ%fﬂﬁoe? hélg% Cavxty

fluid 71 n cavity I's relleve

7‘%’] Pyhg%%rég%%%fpﬁﬁﬁfgége&% Pﬁﬂh@v”f‘t{% i'”gsff%‘ anf s é"afe the
@ﬁﬁ%@%ﬁﬁf&%@ﬁ&?@%‘*ﬁ%@% B8 BhzoBlgek %QS@?&‘? §3%
%Wﬁ RS E@%gi %ﬁ%%tf?i&%vi“%g BegRBRER Rl pbidn gy 704
e 'ﬁg@res”%%%gﬁﬁ?eﬁéwaqmﬁmﬁmH?W@nfﬁw vﬁ%@

does not have to wet and reme t he elect des &@
imzrgasesh dhe ywiiching ﬂ@dr%l\?eq?@rhe orcadha RaR 2 mﬁ@@@f% t
over the electrodes is | east decreased,

an
geaicseablg aadi 5%%?&?00%'96 S56 ol g59dep é@%@ﬁéa%rﬁ [rogpled.
application, the ducts may be tapered, bell-shaped, or
[002%ny ot Aerthe Rajieh ehangesstateniie hﬂél%%l@@é@d%é% glip.L18
el ectrodes 514, 516, 518 to remmin wetted to the
(b¢.eportiodesf BEXWIBRIng 596 717 Hend ée taraeinayitin Boadupig 534, 536,
further define indentations at the openings of the
588 ctosthed thiei switchimgdlid 712 80g9uot e, to 708 antiopwptithgedeairodes
previously described. [0030] Pressure changes in the
520t 624,i5889. fThuisdthalDowayehicofdod pwilehing fluid2y edfaneecifodes is
heating the actuating fluid 710, or by neans of
Pplceroabaehsed; guunpefegably Ehminatedreds desaisdrdldmhdra in this
U S. Patent #6, 323,447 of Kondoh et al. entitled
apblietion| thal ductnimagtbcBapaiedr bShsitapded, bnoegmyaother shape that
El ectrical Contact Breaker Sw tch,
tends to cause the liquid electrodes 514, 516, 518 to remain wetted to the

electrodes 522, 524, 526. The second layer 503 may further define indentations
at the openings of the ducts within the cavities 704, 7’06, 708, for purposes
previously described.

[0030] Pressure changes in the actuating fluid 710 may be achieved by
means of heating the actuating fluid 710, or by means of piezoelectric pumping.
The former is described in U.S. Patent #6,323,447 of Kondoh et al. entitled
“Electrical Contact Breaker Switch, Integrated Electrical Contact Breaker Switch,
and Electrical Contact Switching Method”, which is hereby incorporated by
reference for all that it discloses. The latter is described in U.S. Patent

Application Serial No. 10/137,691 of Marvin Glenn Wong filed May 2, 2002 and
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and El ectrical Contact Swtching Method", which is
hereby incorporated by reference for all that it

waolzaaloozsess. The latter is described in U S. Papenusde4/001023

Application Serial No. 10/137,691 of Marvin d enn Wng
filed May 2, 2002 and 8 WD 2004/ 095509

&l éyggicﬁQéic%Pé&ggéllty@(&uété@glqu@ Ricex GRIiR AL, rvl/lﬂéﬂ IsYalso
Act uated Liquid , which is also

PR Raires cl bp rtaeanc
: @a}?@&t'ﬁa&? Sé%g?tdé@%}:gﬁoﬁgc?]?a %gg?ﬁgg?rﬁ%n??f%"é\kl@m IJle B!yd
B AT RS B s

SRPEPUEH PegabTBIAPahB o LR, s e
Y

the afore-nenti o atent of Kon

PP e Sasials ebaREsn St ex D “iSoarelipecgp FIGS. 7
he 10 invention have been describ i n detail

fhér”éﬁlbhbe foundgndige l@rﬁﬁﬁé‘ﬁ‘g?%‘gaaﬁ%f’?%ﬂ%doh nventive

concepts may be ot herw se vari ouslfy enbodi ed and

[8flloyed. ViEdte lsizaiye @nd @r%ﬁ?@gvrpa%@"@ﬂrﬁm 'm%ntm&ﬁhe

shown in FIGS. 1, 2, or 4- al so be used in

ipyantiealhayaibeen deﬁardbqﬂslésﬂe&ml hﬁiatqué i$ foer én@@fS@&éﬁh@tﬂhe

bl ock I'ight paths. The appended clains are intended

inveritige conegnta st lee pierwise vaiieys!y ambadiegrnd eReleped. for

as limted by the prior art. 9 WO 2004/ 095509

eREMPIISZ004/s0B10IBiaFtor tBRgeha@intainsl GE. 1AZsabdiraeralsede)used

conpri si ng:

_in an optical switch that uses an opaque liquid to open or block light paths. The

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

as limited by the prior art.



a first layer (101); a first electrode (112) deposited
on the first layer; a second |layer (103) mated to the

wo oogioisayer, the second |ayer defining a ducPC(/u82bp4/001023

| eading fromthe first electrode to a surface of the
second layer that is opposite the first electrode;

and a liquid el ectrode ELISMNGRIMS, o |east a

portion of the duct. 2. The substrate of claim1l,
wherei n an opening of the duct at the first electrode
I's wider than an opening of the duct at the surface of
ttheh suksbiaie (3P COMPrisifde substrate of claim 2,

wherein. the duct conprises a bell shape (514). 4. The
subst pdirsl laferd§1)f clai ns 1-3, wherein the second

| ayer-of the substrate conprises an indentation (504)
at anadperdlegradie (i h2) drposited on e Wt byew of the
second | ayer, the indentation having a dianmeter that

i s | aepgecondamyet (EI3) ofatedio tedirst layert the segohdtyeofiefitieg a
second layer. 5. The substrate of claim4, further

aluep(iod) lRadmgwesrh aid frstraleeirods tol a sunfapevefiths sefond lhger that is
duct. 6. The substrate of any of clainms 1-5, wherein

tdppoSiRCPRdirstiedtraeBAd Ses gl ass and the wettable
material conprises netal, 7. The substrate of any of

cl ai My jifuk el WERSRI A 2D DRI S10BEst AYSTios OfHel RS,
cerami c and the wettable material conprises netal. 8.

; ; ' I8 ifdt
B ARk Slafny Pyl ool B e sy o

TP el By i

3. The substrate of claim 2, wherein.the duct comprises a bell shape (514).

4. The substrate of any of claims 1-3, wherein the second layer of the substrate
comprises an i‘ndentation (504) ét an opening of the duct at the surface of the
second layer, the indentation having a diameter that is larger than that of the duct
at the surface of the second layer.

5. The substrate of claim 4, further comprising a wettable material lining walls of
the‘ duct.

6. The substrate of any of claims 15 wherein the second layer comprises glass
and the wettable material comprises fnetal.

7. The substrate of any of claims 1-5, wherein the second layer comprises
ceramic and the wettable material comprises m’etal.

8. The substrate of any of claims 1-7, wherein the first electrode is a solid

electrode.

10



mated to the second |layer, the third | ayer defining an
extension (412) of the duct |eading fromthe surface
w@bootlogsssecond | ayer to an opposite surface of Pees2004/001023
third layer, the extension of the duct being narrower
than the duct. 10. A switch (700) conprising: a first
9. Bhdsubsirateahanygpfaldimsst-8| fyther (@®01prisimgl adhise ¢ayred (405)
| ayer (503), the first layer having a plurality of

matedeotthe deson® PAser Sthé. thihd Gy itelefiairiesahn thesrewn (43]!22 of theduct
second | ayer defining a nunber of ducts (514, 516,

Iea@ﬁ@kﬁon@ﬂ?@%ﬂé’c? BP&H conl 19¢ar t%rﬁ%?&i@@uﬁé&f{eséf the third
su

strate, tP_e first substrate and | e second f
o o LSRR R Bl
di f I f th
10, BV RRR0e) 5P the S br o Ty o el corrodes |
deposited on the first layer; a switching fluid ((718),

heladfingi subsirgadayingre fisstdayer{&0dhand assrrangdager (348 ethe
of the cavities, at least a portion of which is

firsimaverthaying aqperaliagndf eleciseded (5122824, 62ppdepaditedhibereon, and
plurality of electrodes in response to forces that are

the 8BBbhE®thyieP defiRmoSavhlifiberef BlLitis{51ang1 @6 APt uat i ng
fluird (710), hel'd within one or nore of the cavities,

thaf so AR L GstiE (762)5Rste ol thE f7dY dutakiatk fthdifflst sbibstrate

and the_ second substrate defining therebetween at least portions of a number of
cavities (704, 706, 708), each duct of the second layer leading from at least one
of the cavities to one of the plurality of electrodes deposited on the first layer;

* a switching fluid (718), held within one or more of the ducts and one or
more of the cavities, at least a portion of which is movable to open and close at
least a pair of the plurality of electrodes in response to forces that are applied to
the switching fluid; and |

an actuating fluid (710), held within one or'more of the cavities, that

applies the forces to the switching fluid.
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