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WD 2004/ 095523 PCT/ US2004/ 002516 5 10 FLU D- BASED
SWTCHES 15 Background of the Invention [0001] Liquid

worb@loosaer o swi tches (LI MVS) have been nade t rat/uss@4m02516

liquid netal, such as nercury, as the switching fluid.
The Iiquid nmetal may nmake and break el ectrica
contacts. To change the state of the switch, a force
is 20 applied to the switching fluid, which causes it
to change formand nove. If the adhesion between the
el ectrical contacts and the substrate is poor, the
nmoving switching fluid can sonetines lift the edges
of the contacts and cause themto delam nate fromthe
under | yi ng substrate, damaging the switch. 25 Summary
of the Invention [0002] Fluid-based swi tches are

di scl osed. In one enbodinent, the switch conprises a
first substrate andFBUHBBASEDSSHATCHES nat ed t oget her.
Defined 30 between the substrates are a nunber of
cavities. Additionally, the first substrate defines a
plurality of indentations within a first one of the
cavities. A plurality of 1 WO 2004/095523

PCT/ US2004/ 002516 el ectrical contacts are each
deposited within one of the indentations. Held within

the first cavity igaak@uhgrt;frtgew“ygrﬁidmat serves to
open and close at Teast a pair of the plurality of

el ectrical contacts in response to forces that are
applied to the

[0001] Liquid metal micro switches (LIMMS) have been made that use a

liquid 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. If the
adhesion between the electrical contacts and the substrate is poor, the moving
switching fluid can sometimes lift the edges of the contacts and cause them to

delaminate from the underlying substrate, damaging the switch.

Summary of the Invention

[0002] Fluid-based switches are disclosed. In one embodiment, the switch
comprises a first substrate and a second substrate mated together. Defined
between the substrates are a number of cavities. Additionally, the first substrate

defines a plurality of indentations within a first one of the cavities. A plurality of



10

15

20

switching fluid. The switch al so includes an actuating

fluid, held within one or 5 nore of the cavities, that
wappi4ioess2she forces to the switching fluid. [080BjuSkww4/002516

anot her enbodi nent, the switch conprises first and

second substrates mated together so that a nunber of

%%Y:{rk'a? RE&s 36l bgﬁ%@&k‘(’@@ QithtonSHRBE iRfePSatioh8e Held within

I rst stratea tionally defines a plurality of

I'lnéur af @é\h’@n?a sWntu?lbp ﬂﬁldft 55derPaetd ocﬁ)etn%octﬁaéé éﬁéast% pair of

e pa s are each deposited 1

YHe \}E]P%llﬁ)qgf e%ctﬁ? éoﬂg% mtréﬁﬂﬁse 'fm‘cﬁicé@ frat %ret ék?phglj rtcﬂhe

I's"a” SW wettable tot

E@gﬁqlnggﬁﬁzmﬁ CQW,{EQ, Jl%c#mgpﬁ ;éﬁ%o L%tlﬂ&%ﬂldaﬂgld%ﬂﬁnlfone or

Fesp
g %25‘%'%%&%&%#@%%@%fonrgosnéo“%%%%?@méf'ﬂﬂﬂ o
(@01 S BRI SHSee e ek 1Bl A%k etho
sypslEteamaled poefer sasﬁﬁ‘i@ﬁ% qFehe: 36 fibogpesyesn e
S e N SUSH e PASBOTRV IS PR G %?qungqﬂons

% be used in a fluid-based swtch; !0006 FI G

withinsa fiegt ege &f Eneac;ﬁvmeéwﬁoplughgleq’fmf @r)(; each deposﬁed
enbodi nent of a substrate havi ng indentations
mépingeneyeicdeiindents iamsd Hedd withisine &rst cayiboe?) Sv#ﬁcmngélwd that

illustrates an el evation of the substrate of FIG 2; 2
\ADveltanle 09 B3R deCTTHeSuMIngoREx serves to open and block light paths

through the first cavity in response to forces that are applied to the switching fluid.
An actuating fluid, held within one or more of the cavities, applies the forces to

the switching fluid.

Brief Description of the Drawings

[0004] Illljstrative embodiments of the invention are illustrated in the
drawings in which:

[0005] FIG. 1 illustrates an elevation of a first exemplary embodiment of a
substrate having indentations that may be used in a fluid-based switch;

[0006] FIG. 2 an illustrates a plan view of a second exemplary embodiment
of a substrate haviﬁg indentations that may be used in a fluid-based switch;,

[0007] FIG. 3 illustrates an elevation of the substrate of FIG. 2;



[0008] FIG 4 illustrates a perspective view of a

first exenplary enbodinent of a switch that my use a
weubsmwse havi ng i ndentations; [0009] FIG 5 PCT/US2004/002516

illustrates a perspective view of a second exenpl ary

enbodi nent of a switch that may use a substrate having

todpﬁgﬁi ﬁlt irgﬂéi 4 i1UE09%9)s FerSpecBvi Mewsbir atieSererhplary vi ew

exenpl ary enbodi nent of a sw tch having

A ek ey

ﬁ%ﬁéﬁ00%8@%%@?&%&%@%Qrénvgéﬂaﬁae&&@@denﬂiéﬁy 1

i u tLates a sl rate 100 that e used in a

- t ) Hons:
SRR Sia shthh £ S5 bl Y st e Pl W iions:
30 5 ° i MhsuSfEe el yRh o bt et R dcRfént of

san er cutting, photo imaging, chem ca

blastin%, %$s i

BVHH PRYINGINISAEIARY @i t abl e process. A plurality of
ttabl , i bl Vi , Lcal

Wiic: <, "RE7 1BTaRs 2 Hilp AL Tt e o

the indentations 102-106. 10 [0013] The indentations
102- 106 recede the wettable pads 112-116 from the
surface of the substrate 100. As wll|l be described in
further detail below, the substrate nay be used in
a.fluid-based switch that uses a switching fluid to
change the state of the switch. Creating indentations-
on the substrate 100 that recede the wettable pads.
112-116 fromthe surface of the substrate nay help
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15 prevent the switching fluid fromlifting the edge
of the wettable pads during a switch state change.

wOQOmApsELEGS. 2 and 3 illustrate a second exenpCamg2004/002516

enbodi nrent of a substrate 200 that nay be used in a
fluid-based switch. A plurality of electrical
contacts 222, 224, 226 ﬁ&aimgﬁgéﬁﬁim a first |ayer
201 of the substrate. A Secon ayer 203 is then
mated to the first [ayer 201. By way of exanple, the
second | ayer may be formed from (or conprise) gl ass,

gﬁ‘ﬁzi he figst, llﬁ%ﬁé’teﬁs&%’trafeo{ ({)qeﬁi\af Fn%g‘b@%se‘éi‘?%rflufﬁﬁbased

amc nmateria er sultable materials are al so

SR L8 B PR 6 Sl el e e
B AL e PR AR A R
@? nleFhes aete TEoneY PLenBat e Easé%lﬁ*?f‘?qeﬁoh%ﬁ@m’g%ﬂ“g

o theﬁwfaaﬁ@%“ﬁ ﬁ%b%&%reéés%f%{rﬂﬂ%ﬁ gl fon
msﬂéwemnqo%w? p@%‘ff&ﬁﬂ G‘Fg et @fﬁﬁeg%yﬁf%%vﬁﬁﬁ%%w”w one
maski ng the second | ayer 5 and t hen sandbl asting the

pethe i [ 10t P& he second Iayer Inden 7t| ons 204,
206, 208 defined by the second | ayer

[08d3Hc t hel hsparPMgHoTEsT 1041400 ERrece he WiHtEH Léﬁﬂi@ Agfrom
the second | ayer. The indentations have a d| ane

ther sysface vdithe: sitistrete 10 Aswilsbadesaiibed ify fusber G?faf‘ P@'OW the
second | ayer. [0016] Liquid electrodes (e.g., nercury
slizsttate dey)be2dsed in@|uidBgsad switely that uses a switching fluid 10

change the state of the switch. Creating indentations on the substrate 100 that

recede the wettable pads 112-116 from the surface of the substrate may help

| prevent the switching fluid from lifting the edge of the wettable pads during a

switch state change.

[0014] FIGS. 2 and 3 illustrate é second exemplary embodiment of a
substrate 200 that may be used in a fluid-based switch. A plurality of electrical
contacts 222, 224, 226 are deposited on a first layer 201 of the substrate. A
second layer 203 is then mated to the first layer 201. 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.

[0015] The second layer defines a plurality of ducts 214, 216, 218 that lead

from the electrical contacts 222, 224, 226 to a surface of the second layer 203
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10 l east a portion of each of the ducts. The walls of

the ducts may be lined with a wettable material to
waeb@/mwse3l i qui d el ectrodes 234, 236, 238 wet POTHISE004/002516

ducts. The indentations may also be l[ined with a

wettable material so that a swtching fluid used in a

R e B T P B e TS T ey Bhce the T auid

?hgr‘ﬁhgg ggt%{e%%éts Z3Re e%%ﬁo@@é)lﬂgh@ GhbicknaH i dpeRiffs Athe

e du ?lr_emaln wthin thelT respective ducts as a

wit chi '

_?H%ts e e A M T
i ndent ati ons 20 , ' I,
g?ré%vfeigro?lﬂes FrurGBe e RiRkeiR gl PeaR sty ver
recessed edges of. the, i ' I M
G T FB B A BT AL O PR 153, RERE Bhs 204,

[ t of the 20 ipdentatiaons. 017 .

2B 2% detlnepyriE spPalLRPLTDY BRTsar RerkPodf e gleninge of the
including substrate 100. The switch 400 ¢ LSe ,
PFisiTost faa T SOghessroRd eEimane JUISLH ST S RS S Bger
toget her. The substrates 100 and 402 def|ne between
farean than daHes theofucia gl ﬁe“é‘rfﬂ’é@f,op%éecg'ﬁ%‘alﬁé. Exposed
within one or nore of the 25 cavities are luraldt
§P0Wilect 11 bishidpatERges (2.9 Marey olagirodRsk R by e
5 WO 2004/ 095523 PCT/ US2004/ 002516  contact 112-11 i_%
degst 8i posiprupfidach adiee ddcts héhe gt PhIeEIONaY @Bémﬁgf"é’f @
100. A switching fluid 418 (e.g., a _conductive |i gui d
vestiablesmeteriabtonaie theyljquitelacipdesi 284, 83 210 Wekrle ta¢ GrHe-

.cavities serves to open and close at |east a ﬁai r of
tTire iptiertaliortsymayflselbedinedo¥ith @ wattalle snateral seghata switching
response to forces that are applied to the
fluid used in a fluid-based switch may wet to the indentations. The shape of the
ducts 214, 216, 218 may cause the liquid electrodes 234, 236, 238 deposfted
within each of the ducts to remain within their respective ducts as a switching
fluid makes and breaks connections between the electrical contacts 222, 224,
296. The indentations 204, 206, 208 provide a greater contact area for the liquid
electrodes 234, 236, 238, and the recessed edges of the indentations may help
prevent the wettable linings from lifting their edges and moving out of the
indentations.
[0017] FIG. 4 illustrates a first exemplary embodiment of a switch including
substrate 100. The switch 400 comprises a first substrate 100 and a second
substrate 402 mated together. The substrates 100 and 402 define between them

a number of cavities 404, 406, and 408. Exposed within one or more of the

cavities are a plurality of electrical contacts 112, 114, 116. Each electricaf



10

15

20

25

5 switching fluid 418. An actuating fluid 410 (e.g.,

an inert gas or liquid) held within one or nore of
wohepass2si es serves to apply the forces to t heCT/us2004/002516

switching fluid 418. [0018] In one embodi ment of the

switch 400, the forces applied to the swtching fluid

?ﬁrﬁaé@ﬁ%ﬁéﬁ%%‘p%;mmﬁn% 8R88% ihBehtiBorRCtiaidshate 100. A

pressure changes in the actuating

H&lﬂng&@d 42%351%25{ Eﬁv&lﬂﬁﬂﬁ RRtd Qubh &8s %r&‘ﬁ‘ﬁy‘) ﬁQI‘d"Withm

cause e swtching fluird 4

88% ﬁ}rbgg 8{ &er@gvm \églﬁe%géFP %ﬁ‘if‘%’gﬁa gasf'a tan%f )t/he plurality
Lie f

Eelersﬁ%@l{%oiza?cas P %‘*éﬁﬁ*ﬁ%@éﬁ% R e aéP“%dafO?‘ﬁ%f
Suipeatig GRe tagvati nidf fle ér ésiurr*e‘g?% 8Pl heid ithin

act uatin 0 h 406 M=) .

4he Ofﬁ@ﬁg&f@ iR BRe® 4 Rl g e 6 ?6%"'851?89‘“”1 e

cavi t [

IR ced InompTtosaoRgR® Syt AT0 PR Lgrpr gpetid BHe

SOt aos Juur bampu e S ARy BiaFS5 6810, e

i ndentati ons 102-106 recede the electrical contac

prgssuneschangesn e aptivatingdiuis 41%@*%%@@?%% Gﬁges‘rfﬂ the

may hel p prevent the sw tching uid 20 fromlifti

tshiiclailg Buigf4 tBhane kreasehy @%JSGGBWSWEF@”@ fleidr ! Bafosqmaf‘% f form,

state change. [0020] By way of exanple, pressure

chaveg eart; etct eF i tuthe mrgswra.ocﬂthmptum fbéd 4dRihelsdn ogyity

nmeans of heating the actuating fluid 410, or by neans

@04 gpipbesoe farce ta parpthepswitphinpfaid &t e |liU§trat§a§lC i g state, the

U S. Patent #6, 323,444 of Kondoh et al. entitled

"righeéstipaalof Geotriwat cdrtactk dd4,Si & eftthe Iswitelg #80 @e coupled to one

El ectri cal _ 25 _Cont act Breaker Switch, and El ectri cal
GpitrRe! IFHwé prisimg dithdactlatingflait 416 hell in cavity 406 is relieved,

and the pressure of the actuating fluid 410 held in cavity 408 is increased, the
switching fluid 418 can be forced to part and merge so that electrical contacts
114 and 116 are decoupled and electrical contacts 112 and' 114 are coupled.
[0019] The indentations 102-106 recede the elect‘rical contacts 112-116
from the surface of the substrate 100. This may he]p prevent the switching fluid
from lifting the edge of the electrical contacts during a switch state change.
[0020] By way of example, pressure changes in the actuating fluid 410
may be achieved by means of heating the actuating fluid 410, or by means of
piezoelectric pumping. The former is described in U.S. Patént #6,323,444 of
Kondoh et al. entitied “Electrical Contact Breaker Switch, Integrated Electrical

Contact Breaker Switch, aﬁd Electrical Contact Switching Method”, which is
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WD 2004/ 095523 PCT/ US2004/ 002516 hereby i ncor porated

by reference for all that it discloses. The latter is
wdesmirookesl in U S. Patent Application Serial NBCT/US2004/002516

10/ 137, 691 of Marvin denn Wng filed May 2, 2002 and

entitled "A Piezoelectrically Actuated Liquid Metal

%ﬂ‘ﬁﬁfﬂxcordl@?ét% efe%l%é foPSPIHRe [ ARy, makesentedésribed

oses Al't hough the above 5 referenced

lgq.g%nha:%ﬂgAleﬁﬁ%@lba %%?lla! Q8t i @nsbstbeseniii @Iémw\/\ﬁmh@tﬂlélf May

means of dual push/ pull

c%d‘@tér@ger{t{ﬂ% (‘Fﬁfé/ic}e'le%?ncﬂ%/ %bﬁ%#&j BHEP/ NAsHal Sw1tch” which is

uati1 ng CaVI t suffice’l S gnl [ cant

e|§8“%g Vﬁ%{%@& ! d f&%n 1&5%%%05%%%\%85%15 Rt Re

o] romsuch a cavity i t1onal
ail s, concern t
S PereL RN e RdehlAmaReT HEbbR R HopaRER drefleyihe
be fou nth td t :
fegsy b]m%@e%&bfa'g 'Pw?u%ﬁ@ JuREE, Sindic pLRIEAT
now escri . ce, to F i.t ch
Sobe s caubamian sifer fd 63”&%0“&??&%%’9“@%%%
substrate 502 mat ed toget, subst ates.10
SEnasecoRll DGTRRIE PRI Ig frsm U sgaftnal
508, 510. Exposed within one or
geigils Fercesmiay éh%)PQﬂSéfIUPP?n 3R] pRerElN 87 %519/&0*1 i%"e*li%?ha}xw“mh
switching fluid 518 }e quid netal suc
iseatiieygd ind I me ¢ tra@y ke findhe t*i?a%‘"@rerﬁ‘é’”ﬁﬁreedaﬁ%tePEOfﬂg?'H’Oh-
within one or nore of the cavities. The sw tchi rgg
{00213 518 Aeesansi exerapiey emRPAIBEBIY 3 $With WANRY be described
522/ 524, 526/528 through one or nore of the cavities,
with refessroede FI@. 5ol beswitbaB08 cemppipes afirst subsfeate 100 and a
switching fluid 518. By way of 20 exanple, the |ight
patdrsl subpirbe 50 inated! togethat.eThe slestpiess. HiBanhap2 define
aligned wth translucent windows in the cavity 508
hetwlenghtine sunbehoingavitienis®s, BI&EDndxppsed within one or more
of the cavities are a plurality of wettable pads 112-116. A switching fluid 518
(e.g., a liquid metal such as mercury) is wettable to the pads 112-116 and is held
within one or more of the cavities. The switching fluid 518 serves to open and
block light paths 522/524, 526/528 through one or more of the cavities, in
response to forces that are applied to the switching fluid 518. By way of
example, the light paths may be defined by waveguides 522-528 that are aligned
with translucent windows in the cavity 508 holding the switching fluid. Blocking of
the light paths 522/524, 526/528 may be achieved by virtue of the switching fluid
518 being opaque. Indentations 102-106 recede the wettable pads 112-116 from
the surface of the substrate 100 which may help prevent the switching fluid from

lifting the edge of the pad during a switch state change. An actuating fluid 520
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the light paths 522/524, 526/528 may be achieved by
virtue of the switching fluid 518 bei ng opaque.

wonadamvssons 102- 106 recede the wettabl e padsP@12s1é/002516

from the surface of the substrate 100 which nay help
prevent the switching fluid from25 lifting the edge

9.1 B8 iRAdyAUsr 1gid hel wiedin shebemoha oAt j
g.; 8¥| r! i i€in B6ote itiee tseatdsrtg apply
g urd 520 " 7 V\oﬂzo 4/ 095523 PCT/ US2004/ 002516 (e.qg.,

2 tbRet to BRsSsfchingmlii@bidel d within one or nore of the
cavities serves to apply the forces to the switching

iddébf' 518:Ac[o@tgﬁ§] JAEM EbRRAIng eaidrsroamsesmd Bgerahien of a

onstruction operation of 'a switch such as that

g@h&hsdc‘ﬁ dd M%H@h?@mhﬁﬁé&n BIATBYmBE bE Gsll inhé he 5

orenenti oned patent of Kondoh et al., and patent

?ﬁ?%&wgﬁﬂdn‘éﬂ g%{t%%rf Ydoﬂdéﬁ(’?gal., ah802&nt Eb@atién%mﬁﬂuai?\g[] Wong.

strate I'rd exenplary enbodi nent of a f

Rag] SV s, EicoibaPEadnid eldiiBEn A RBby RN o fuic-

cavity a pal actuating fluid cavities

S
erOPLT l@éE@f«i 6s ﬁ@?’;&ﬁ B sl oy SR SRR Bl el o
In t [ i i

ek S S SSPEPTL B B BRSO B

o o o ST B A

cavity and single connecting cavjty. [0024] Portions .
HbaiRle Giopenang ISP EORAS SRR G0B NSber ALPETIZOS pai of
for 15 the purpose of creating "seal belts" 612, '(?14,
ELBiatimnBuid esitipe A03f 6QFeand Rl plscopnoctingreaviijasHidy. §10 may be
cavity holding switching fluid 618 provides additional
seplécasebyaa emgle actuating fluid cavity and single connecting cavity.

[0024] Portions on one of the substrates 602, 604 may be metallized for
the purpose of creating “seal belts” 612, 614, 616. The creation of seal belts 612-
616 within a cavity holding switching fluid 618 provides additional surface areas
to which the switching fiuid 618 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 thch the
switching fluid may be more easily pumped (i.e., during switch state chénges).
[0025]  The seal belts 612-616 may be each deposited in an indentation on
one of the substrates 602, 604. The indentations recede the seal-belts from the

surface of the substrate. This may help prevent the switching fluid 618 from

lifting the edge of the seal belts during a change of state of the switch.



to which the switching fluid 618 may wet. This not

only helps in latching the various states that a
woewdd4mbsng fl ui d can assune, but al so hel ps t oPCTABR®4/202516

seal ed chanber fromwhich the switching fluid cannot

escape, and within which the 20 switching fluid may be

[goRe] easi IphePiiiR@Cadditichally heluded wasabRpaisabBssibly serving as
changes). [0025] The seal belts 612-616 may be each

dreeshi @fhtddis)Pdbd, BEENS A | Tk WBiaNBPa8E atd18Is6 WBBbSIRIIaR
602, 604. The indentations recede the seal-belts from

Eﬁ@ntaﬁHﬁg & enelof tesdRaldsHR: I’E@Ho‘-hld@% aBSffeQ:la@é&M%mn

e SWt C|ngflud618fromllt|ng he edge of the

B M SRR e
LRl AR R rolgin RSB GR 0

a r | so deposited in indentations on one of the
§ﬁ§§W?£%8§ 602. It should be appreC|ated that in

BB ca R PERNE b5l A B GupRimdfts ooy
o iRl Toha 0 5 bR o0
REREE A P S R R
b A6 oo b B s SRR, oo
appended clains are intended to be construed to

PR#Milad by deePUar a7t i ons, except as limted by the -
prior art. 9




10

WD 2004/ 095523 PCT/ US2004/ 002516 What is clained is:
1. Aswitch conprising: first (100) and second (402)

wort@suabst rat es defining therebetween at | eR61/US2004/002516

portions of a nunber of cavities (404, 406, 408), the
first substrate defining a plurality of indentations
(102, 104, 106) defined within a first one of the
cavities 5 (406); a plurality of electrical contacts
(112, 114, 116), each electrical contact deposited
Whethisnclaineedois: t he i ndentations; a switching fluid
(418), held within the first cavity, that serves to
dpénswitndh carhpisingit | east a pair of the plurality of
el ectrical contacts in response to forces that 10 are
appl i @t (100) hed secowhi40g) Metdddsubsiratesriedioingdh prripeiwes ot
(410), held within one or nore of the cavities, that
apet pesiohder & ounter bbcaiesdwd4 cHIeng08), thedfirsp submirgte defining
switch of claiml1, further conprising a plurality of
s8lraligldr sndeiation6 1402, 1026) O8jefefinéd edthira fifst ose ot cavities
substrate at'a location within the first cavity, and

ein the second substrate defines a plurality of
indentations and the seal belts are deposited within

the i Q%ﬁﬁém P BRctridal Il 11ch 104, D18, @dctcéiatimsallcamtact
2, wherein the first substrate conprises one of glass

Shef g Era ARSI 200 8 S ST e v
subst E%WChing fluid (418), held within the first cavity, that serves to open and
close at least a paif of the plurality of electrical contacts in response to forces thaf
are applied to the switching fluid; and

an actuating fluid (410), held within one or more of the cavities, that
applies the forces to the switching fluid.
2 The switch of claim 1, further comprising a plurality of seal belts (612, 614,
616) deposited on the second substrate at a location within the first cavity, an
wherein the second substrate defines a plurality of indentations:and the seal belts
are deposited within the indentations. |
3. The switch of one of claims 1 or 2, wherein the first substrate cofnprises one of
glass or ceramic.

4. The switch of one of claims 1-3, wherein the indentations are sandblasted in

the first substrate.

5. The switch of one of claims 1-3, wherein the indentations are laser cut in the

first substrate.

10



5. The switch of one of clains 1-3, wherein the
i ndentations are laser cut in the first substrate. 10
wWORIRAg2095523 PCT/ US2004/ 002516 6. The swi t ebTal20m002516
of clainms 1-3, wherein the indentations are chemcally
etched in the first substrate. 7. The switch of one of
| Bl Bwilcrbof dMeesiaiiaimshies fwheseingbib sndeatasions cire geemigally
first layer (201) and a second | ayer (203),.the first
di@Rrin ey king stiberppbural ity of electrical contacts
- (222, 224, 226) deposited thereon, and the second

1 anes swief bibribofc NkiEbES, Wierdincthe fit23Mps2a6,inA38s a first
each duct of the second layer leading 5 fromthe first

l%ﬁe‘éi(?w )té%q%ﬂ 8efnd AGeretheg), Hicchrst k9Bt Ratisg theppsiaigbfon

Ir'st layer, the second |ayer further defining

él&gri%l lﬂ:%)ﬂ’[&i(:&)’ _bodeniatibestsiei 20¢eoR Odnd eSecone yer
i ndent at |

on defined at an opening of one of the ducts

t. the f | rduct Bethendephatdyeniadin
‘ﬁea(\?lrﬁga iH'jéﬁfbg?rég @#Ct% @4’ ?gg’ﬁzzgégj’ee?éﬁﬁhd;n thate of the yenwading
t . the

s ittt SRt or R A ePRRGRRERE S BuESeleo R Glg e
4, e S TS, LSRR ALz, 200
o e S BB B e S Tl v
éze%%ﬁ{j cl)gyéasr:z %eFi)r%re/ nt’ge%fizo%%ﬂr!'{ac\)/%%salgiamgéte r/_}hg’wistl é:rBeF %@thhéti dt9he
'ducté at the surface of the second layer.

8. The switch of claim 7, wherein at least one of the ducts defined by the second
layer is defined so that a portion of the switching fluid remains in the duct when
the forces are applied to the switching fluid to close pairs of the electrical

contacts.

11



first (100) and second (502) mated substrates defining
therebetween at |east portions of a nunber of

woavi4iwer3 (506, 508, 510), at |east one of thePCT/US2004/002516
substrates defining a plurality of indentations (102
104, 106) defined within a first one of the cavities

9. Ag%ﬁ%%ﬁ%#ﬁglity of wettable pads (112, 114, 116),

ieag _ € pad deposited within one of the

UL R GO S P oo
i 1o e
substatesatafiming Busldra(i520) indpeladions {hi4 ik 1%1,65 %&igéggﬂmg first -

cavities, that applies the forces to said swtching

one dfltHe Gavitles SE;O&\)vitch, conprising: first (602) and
second (604) mated substrates defining therebetween at

'68 )%ﬁur%ﬂf bORStehlethaangn, of4.caid); bash (&di2blepdd deposited

wtching fluid (618), held within one or nore

withirﬁ’?)ptgPo%gﬁ%Yéci%rﬁg}jOHQat is novabl e between at | east

t hat - SVWitch states in response to forces
are appl.l o the sw tching fl uid. ,
p!ajswﬁpwgJPw%Z%é)weér&éb ity Bhob it el Wity the first
Wi thin indentations on one of the substr t, a
cavity cibat servesi tohoperoaed dlodkdioat 6ﬁthsr{é28§§%4p ﬁ?ﬁ%ghwgh the
the switching fluid. 12
first cavity in response to forces that are applied to the switching fluid; and

an actuating fluid (520), held within one or more of the cavities, that
applies the forces to said switching fluid. .

10. A switch, comprising:

first (602) and second (604) mated substrates defining therebetween at
least portions of a number of cavities (602, 604, 606);

a switching ﬂLlid (618), 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; and

a plurality of seal belts (612, 614, 616) deposited within indentations on

ohe of the substrates at a location within one or more of the cavities holding the

switching fluid.

12



