PATENT Met hod and Structure for a Solid Slug Caterpillar Piezoelectric
Rel ay CROSS REFERENCE TO RELATED APPLI CATIONS 5 This application is related
to the followi ng co-pending U S. Patent Applications, being identified by
t he bel ow enunerated identifiers and arranged in al phanunerical order,

whi ch have the sane ownership as the present application and to that extent
are related to the present application and which are hereby incorporated
by reference: Application 10010448-1, titled "Piezoelectrically Actuated
Liquid Metal 10 Switch", filed May 2, 2002 and identified bPAS&NTGI Nunber
10/ 137, 691; Application 10010529-1, "Bendi ng Mbde Latching Rel ay", and
having the sanme filing date as the present application; Application
10010531-1, "High Frequency Bendi ng Mbde Latching Relay", and having the

same filingMeahed ahd'SttudiuASRIMa SEIR| SAAY Cateipillar Peabeleetiio Reldl010570- 1,
titled "PiezoelTectrically Actuate I qui ta Swtch”, filed May 2, 2002
and identified by Serial Nunber 10/142,076; Application 10010571-1,

"H gh-frequency, LEgoiss MeEBRENGE ThiMELAERAPALIGATIENS Cont act", and
havi ng the sane he present_ ap I I cati on; Iﬁ%pg tl on

Ting date as 1
10019572his aPPL‘P%}lS’;“dS Ré@tﬁﬂ to tha f@lwgg retPepdingth SrRatenthhe Bhd havi ng
the sanpyehtifiddgy ﬁ?et@el&ﬁ ehhg\epétsé gq%ht.ﬁ&elahe%ﬂaﬂged ﬁ«PQIthﬁ&rh@ﬂ‘bal@?éé}W?’ 1,

"Insertion Type Liquid Mt Lat Rel ay", having the sane filing
dat e aswhieb m\/@s@msaiwomatsmas%lpmﬁ@m enplicatiam @nd-te, thateyrot Aejuency,
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Met al Lat chiApplieetiary A0018448-1, titled “Piezoelectrically Actuated Liquid Metal
10  Switch”, filed May 2, 2002 and identified by Serial Number 10/137,691,
Application 10010529-1, “Bending Mode Latching Relay”, and having the
same filing date as the present application;
Application 10010531-1, “High Frequency Bending Mode Latching Relay”,
and having the same filing date as the present application;
15 Application 10010570-1, titled “Piezoelectrically Actuated Liquid Metal
‘ Switch”, filed May 2, 2002 and identified by Serial Number 10/142,076; ‘
Application 10010571-1, “High-frequency, Liquid Metal, Latching Relay with
Face Contact’, and having the same filing date as the present application;
Application 10010572-1, “Liquid Metal, Latching Relay with Face Contact’,
20 and having the same filing date as the present application;
Application 10010573-1, “Insertion Type Liquid Metal Latching Relay”, and
having the same filing date as the present application;
Application 10010617-1, “High-frequency, Liquid Metal, Latching Relay Array”,
and having the same filing date as the present application;
25 Application 10010618-1, “Insertion Type Liquid Metal Latching Relay Array”,
and having the same filing date as the present application;
Application 10010634-1, “Liquid Metal Optical Relay”, and having the same
filing date as the present application; |
Application 10010640-1, titled “A Longitudinal Piezoelectric Optical Latching
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and having the sanme filing date as the present application; Application
10010634-1, "Liquid Metal Optical Relay", and having the sane filing date
as the present application; Application 10010640-1, titled "A Longitudi nal
Pi ezoel ectric Optical Latching Attorney Docket No. 10020540-1 1 PATENT

Rel ay", filed Cctober 31, 2001 and identified by Serial Nunber 09/999, 590;
Application 10010643-1, "Shear Mdde Liquid Metal Switch", and having the
sane filing date as the present application; Application 10010644-1,
"Bendi ng Mbde Liquid Metal Switch”, and having the 5 sane fPATEOTdate as
t he present application Application 10010656- 1 titled "A Longi tudi nal

Mode Optical Latch and ate as the
presentRﬁlébﬁ f'@&t@@ﬁberﬁﬂp@péé@m gﬁ%hlﬁ%eia HE [ @é/g%%g%?ructure for a
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the sane filing date as he present application; Application

100106638Me f'“"lﬁeqq{%c?sé'ﬁﬁipﬁsfe%ﬂﬁl'éaﬁ'% a Pusher-Mde Piezoelectrically

Act uat ed Li q\iptcAfdrad oddobisal, “Sumdisd Modendquiaweatg Swiechs ared havingighe dat e as
theO{ir esent _application; Application 10010790-1, titled "Switch and

Pr oduct $35ne filing daje as the P@?enﬁ@ﬁﬁ%@?ﬁ)er 12, 2002 and identified by Serial
Number 10/ 3%&%8&10%%61'06%110%@@@/1.JL itddinaliede Biptaslenashib@Reky1g Rel ay

wi t h Bendi ng having the sane filing date as the present
appl i cadndhavinpibie e tiingiete aodee presentARPHEHIPNRel ay Wth Switch Bar”, and

having the appjication 10010663-1, “Method and Structure for a Pusher-Mode
Piezoelectrically Actuated Liquid Metal Syvitch", and having the same filing date as
10 the present application;
Application 10010664-1, “Method and Structure for a Pusher-Mode
Piezoelectrically Actuated Liquid Metal Optical Switch”, and having the same filing
date as the present application; .
Applicatibn 10010790-1, titled “Switch and Production Thereof’, filed
15 December 12, 2002 and identified by Serial Number 10/317,597;
Application 10011055-1, “High Frequenéy Latching Relay with Bending Switch
Bar’, and having the same filing date as the present application;
Application 10'011h056-1, “Latching Relay with Switch Bar’, and having the
same filing date as the present application; -
20 Application 10011064-1, “High Frequency Push-mode Latching Relay’, and
having the same filing date as the present application;
Application 10011065-1, “Push-mode Latching Relay”, and having the same
filing date as the present application; '
Application 10011121-1, “Closed Loop Piezoelectric Pump", and having the
25 same filing date as the present application;
Application 10011329-1, titled “Solid Slug Longitudinal Piezoelectric Latching
Relay”, filed May 2, 2002 and identified by Serial Number 10/137,692;
' Appllcatlon 10011344-1, “Method and Structure for a Slug Pusher-Mode
Piezoelectrically Actuated Liquid Metal Switch”, and having the same filing date as
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sane filing date as the present application; 20 Application 10011064-1,

"H gh Frequency Push-node Latching Relay", and having the sane filing date
as the present application; Application 10011065-1, "Push-nobde Latching

Rel ay", and having the sanme filing date as the present application;
Application 10011121-1, "C osed Loop Piezoelectric Punp", and having the
25 sane filing date as the present application; Application 10011329-1,
titled "Solid Slug Longitudinal Piezoelectric Latching Relay", filed My
2, 2002 and identified by Serial Nunber 10/137,692; Appli catidh B8611344-1,
"Met hod and Structure for a Slug. Pusher-Mde Piezoelectrically Actuated
Liquid tal Switch", .and having the sanme filing date as Attorney Docket
No. 1003¥5RESENARBAGHEIGR: ¢ he present application; Application 10011345-1,
"Met hod and Bpphcztion e 100113458 ugMatmidstad  Stargareudonad Biugr oddsistedi cal | y

Act uat ed Ligul.d t al tical Switch', and havi. he ., fili dat .

theupre BHIQ“U I:\éi%&qe ul I ﬁsﬁ\ﬁ\sﬁg&%ﬂﬁh'@eﬂ%g% éwﬁ%ﬂ ’rﬁ%’gﬁ Qﬁiﬁ'nlgp‘ﬁﬁc? u(raeas

for a Sgamgqimﬁg@h@%ﬂﬁgméserﬁ/ﬁggidaheﬁ;ofel ectri gal |y Actuated Liquid Metal
tical Switch”, an i e s idin te t he present

:?Sm Pcation; XRB'fﬂait'E'&ﬂic’g#Q%Oil%g‘gg ang,ét%;g.}rpi}oip?]%yg%‘:séqu%\l}{ﬁsp%rﬁ.. , and

havi ng Mirle PREBelbLtitAy AdtgledLidlie MutaisEpticah Bplitchatandmhavity thepdamat i on

10011410-1, "Polymeric Liquid Metal Optical Switch", and having the sane
filing dbngdate asihe preseahaPrlisalioniat i on;

Application 10011398-1, “Polymeric Liquid Metal Switch”, and having the

same filing date as the present application;
10 Application 10011410-1, “Polymeric Liquid Metal Optical Switch”, and having
the same fiiing date as the present application;
Application 1001 1436-1, “Longitudinal Electromagnetic Latching Optical
Relay”, and having the same filing date as the present application,
Application 10011437-1, “Longitudinal -Electromagnetic Latching Relay”, and
15 having the same filing date as the present application; :
Application 10011458-1, “Damped Longitudinal Mode Optical Latching Relay”,
and having the same filing date as the present application; _
Application 10011459-1, “Damped Longitudinal Mode Latching Relay”, and
having the same filing date as the present application;
20 Application 10020013-1, titled “Switch and Method for Producing the Same”,
filed December 12, 2002 and identified by Serial Number 10/317,963;
Application 10020027-1, titled “Piezoelectric Optical Relay”, filed March 28,
2002 and identified by Serial Number 10/109,309;
Applicaﬁon 10020071-1, titled “Electrically Isolated Liquid Metal Micro-
25  Switches for Integrally Shielded Microcircuits”, filed October 8, 2002 and identified by
Serial Number 10/266,872; "
Application 10020073-1, titled “Piezoelectric Optical Demultiplexing Switch”,
filed April 10, 2002 and identified by Serial Number 10/1 19,503;
Application 10020162-1, titled “Volume Adjustment Apparatus and Method for
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Application 10011436-1, "Longitudi nal El ectromagnetic Latching Optical

Rel ay", and having the sane filing date as the present application;
Application 10011437-1, "Longitudinal El ectronagnetic Latching Relay", and
15 having the sanme filing date as the present application; Application
10011458-1, "Danped Longi tudi nal Mdde Optical Latching Relay", and having
the sane filing date as the present application; Application 10011459-1,
"Danped Longitudi nal Mde Latching Relay", and having the sane f|||ng date
as the present application; 20 Application 10020013-1, titl eBATBNT ch and
Met hod for Produci-ng the Sanme", filed Decenber 12, 2002 and i dentified by

Seri al | ect
ot al | OMIREa LGP O PR AARRE Kol 177 208, 70 ot ©
10/ 109, 309; Anplitationt 1002020200 Methodt artd égbpatates tfod Mﬂuit;nnlr@olaah‘.lqd%d_: qgl d
Met h Jly Shield M ile
ot ober Bl Sush bt Hedon o R SAAGer 4PN e 7383189 SIS M at i on
1002007;i}e§enttapbh@a1| nPi ezoel ectric Optical Denul t| pl exi ng Swi tch" filed

| 10, 2002 and ifi b rial N /11
10050162 1. ARPIFEEN JOPBNE Rl dUpfiert LASBAanas Vi NoIRoS 8o PPAERbr ney
DOCket.IMchlﬁ@ BRRBAOaAd Rall l&ﬁ\éfséﬂﬁefmnddét@%sfﬂe@ Fezeht dﬁ:ho&&ﬁﬁ and identified
by Seri al Nunber 10/ 317, 29 Ag&%l cation 10020241- "Met hod and Appar at us

for Maintai MaRjcation olAGROREs: 4 cReflgctingRe WieFloe o @Wict”‘hh eyslgngtion”, and
havi ng hRpRaEPDEMLItPEXERL CaftP hdlBng PhES 88feaRithd CA4fe0Rs the present

application;

10 Application 10020541-1, ‘titled “Method and Structure for a Solid Slug
Caterpillar Piezoelectric Optical Relay”, and having the same filing date as the
present application;

Application 10030438-1, “Inserting-finger Liquid Metal Relay”, and having the
same filing date as the present application;

15 Applicatibn 10030440-1, “Wetting Finger Liquid Metal Latching Relay”, and
having the same filing date as the preéent application,

Application 10030521-1, “Pressure Actuated Optical Latching Relay”, and
having the samé filing date as the present application;
Application 10030522-1, “Pressure Actuated Solid Slug Optical Latching

20  Relay”, and having the same filing date as the present application; and

Application 10030546-1, “Method and Structure for a Siug Caterpillar
Piezoelectric Reflective Optical Relay”, and having the same filing date as the
present application.

25 ) TECHNICAL FIELD

This invention relates generally to the field of electronic devices and systems, and
more specifically to electronic switching technology.
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5 Application 10020242-1, titled "A Longitudinal Mdde Solid Slug Opti cal
Latching Relay"" and having the sane filing date as the present

application; Application 10020473-1, titled "Reflecting Wdge Opti cal

Wavel ength Mul ti pl exer/ Demul ti pl exer”, and having the sanme filing date as
the present application; 10 Application 10020541-1, titled "Method and
Structure for a Solid Slug Caterpillar Piezoelectric Optical Relay", and
having the sane filing date as the present application; Application
10030438-1, "Inserting-finger Liquid Metal Relay", and havi nFATRNT same
filing date as the present application; 15 Application-10030440-1, 'Wetting

Finger Liquid Metal Latching ReMavi ng the sane filing date as

the present application; Applic 21-1, "Pressure Actuated Opti cal
Latching Relay", and having the sane filing date as the present

application; Appljcation 10030522-1, "Pressure Actuated |ig Slug Optical
ot chi nf 1Oy HeiEh maf Beipig TRE0S AP S JORsaTRY FrBsErR
appl i casésund sa@. ApPJéreadli thbrel A Metfiole thaMefweostarizd Bt appiicatiensl tiata Sl ug
Caterpillar Plezgele tric Reflective Cﬁklca Rel ay",. and h@*lﬂg,the sane
filing fpAugefsrg swasfﬁveg%qme%m 99 GHMbE OTBHIRIEE A RISFHPS Ay ent i on
rel at essgiarenaldtyr fabritdtonf teehiqeds Rl29dWd 0§d tolerelates SwidHbsSyist @argmamnd  nore
specifically to electronic swnhchlng technolog_. Attorpe . Docket No.
1002054 04PNt pArgagiconductor switch may be used in a variety of applications, such as
industrial equipment, telecommunications equipment and control of electro-
mechanical devices such as ink jet printers.
10
In switching applications, the use of piezoelectric technology may be used to actuate
a switch. Piezoelectric materials have several unique characteristics. A
piezoelectric material can be made to expand or contract in response to an applied
voltage. This is known as the indirect piezoelectric effect. The amount of expansion
15  or contraction, the force generated by the expansion or contraction, and the amount
of time between successive contractions are important material properties that
influence the application of a piezoelectric material in a particular application.
Piezoelectric material also exhibits a direct piezoelectric effect, in which an electric
field is generated in response to an applied force. This electric field may be
20 converted to a voltage if contacts are properly coupled to the piezoelectric material.
The indirect piezoelectric effect is useful in making or breaking a contact within a
switching element, while the direct piezoelectric effect is useful in generating a

switching signal in 'response to an applied force.
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BACKGROUND A relay or switch may be used to change an el ectrical signa

froma first state to a second state. In general there nmay be nore than

two states. In applications that 5 require a small switch geonetry or a

| arge nunber of switches within a small region, sem conductor fabrication

techni ques may be used to create switches with a small footprint. A

sem conductor switch may be used in a variety of applications, such as

i ndustrial equi pnent, tel ecomunications equi pment and control of electro-

mechani cal devices such as ink jet printers. 10 In switching ddgVEati ons,

the use of piezoelectric technology may be used to actuate a sw tch.

Pi ezoel ectric materials have several unique characteristics. A

pi ezoel ectric material can be made to expand or contract in response to an

applied voltage. This is known aSUMMARMdI rect piezoelectric effect. The

anDunt of expansion 15 or contraction, the force generated by the expansion
contraction, and the amount of tine betmeen successive contractions are

'p.”Eié &m?ﬁp%%ét?u&?ﬁé &&;@erﬁa'femr'eawtcb SBarrd ARiEg e Ruhtde rm or
Gener 2?5%91'%5@%%%3%2%@ | STRELB) EherBr B Foum Doty B FERHL L pe e
comver ! Sl et b HomfSRN LT Falt SRR LRaS HE A o
TR, OB e SR She b s et L B B sl el 1o
respons%htllg aa r;])luarglptlylc%dplfe(z)cgeclgctng %IeSments within the gas-filled chamber are also
10 coupled to the solid material. A slug within the gas-filled chamber is coupled to one
or more of the plurality of contacts and further coupled to one or more of the plurality
of piezoelectric elements. The slug is operable to move within the chamber and
make or break connections yvith one or more of the plurality of contacts. A liquid
metal within the gas-filled chamber is coupled to the slug, and coupled to the plurality
15 of contécts. The liquid metal acts as a friction-reducing lubricant for motion of the
slug, and also is operable.to provide a surface tension that maintains a connection
between the siug and a contact of the plurality of contacts. According to a method of
the present invention, one or more of the plurality of piezoelectric elements are
actuated, with the actuation of the one or more piezoe]ectric elements causing the
20  slug coupled to the one or more piezoelectric elehents tc; move from a first number
of gontécts to a second number of contacts. The first number of contacts and the

second number of contacts are wetted by the liquid metal. The movement of the

slug from the first number of contacts to the secbnd number of contacts breaks a
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Attorney Docket No. 10020540-1 PATENT SUMMARY 5 A nethod and structure for
an electrical switch is disclosed. According to a structure of the present
invention, a gas-filled chanber is housed within a solid material. The
solid material may be conposed of glass, ceramic, netals and adhesive
material. A plurality of contacts within the gas-filled chanber are
coupled to the solid material, while a plurality of piezoelectric elenents
within the gas-filled chanber are also 10 coupled to the SOl%gGQEﬁﬁrial' A
slug within the gas-filled chanber is coupled to one or nor f e
plurality of contacts and further coupled to one or nore of the plurality

of pi ezE@li@?ﬁ%BPs@a‘%@%ﬁéoﬁ bERfeet! ﬁt}@ didy Qﬁc?rtﬁé)hf‘stwt eY%f %ﬁ{%@cf& khg champer

and nm reak connections wt one or nore o pI urality o

cont act QU ; ANt - Ll @gQﬁr i 0 to the
sl ug, aﬁﬁﬂégﬁﬁﬁEhg¥€"ﬁi§5%¥%$gP?F@5%ﬁgﬁﬁ?%%#é@ih@ﬁ hecph%ﬁﬁhuﬁggg acts as
a frictpon- Iys I [ Ga 0 i fe 0 +sS.operable
to pr ovPﬁ%b@ggﬁgihggg rﬁ%r%'s%@rﬂéq {?aéh;aﬁglg rf]'%g.? %Jlr%tr%%tr?ﬁtjgég ?%Lﬁdmbsée}%t%éetﬁ? he sl ug
and a cgontact,of . the plurality of contacts. Accordpng to net hod of the
pr esent SPIRRENGNSION Bfn&eo(]q%rrﬁetaé beteep) ‘bﬁa?'w e hﬁ Aoy eE‘frPB%r é’l?errent s
are _actuated,. mLth t he ?ctuatLon,of the,%gg or nore Eiezoelec ric.elenents
caus? ngPHaCS gs N PSRV &P (AR 8 RouBlingBevesnese i QUBPEROht s to
nove froma first nunber of contacts to a second nunber of contacts. The
first nBPMEFS@ddemeH8ts and the second nunber of contacts are wetted by
the liquid netal. The novenent of the slug from the. first nunber of
contacts to the second nunber of contacts breaks a 6 Attorney Docket No.
10020540- 1
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PATENT |iquid netal surface tension between the slug and the first nunber
of contacts and establishes a coupling between the slug and the second
nunber of contacts, thereby enabling the liquid nmetal switch to change
froma first state to a second state. The surface tension of the liquid
metal between the slug and the second nunber of 5 contacts is then operable
to maintain a coupling between the second nunber of contacts and the sl ug.
7 Attorney Docket No. 10020540-1 PATENT BRI EF DESCRI PTI ON Og‘ i[EEmDRAW NGS
The features of the invention believed to be novel are set fbf
particularity in the appended clains. The invention itself however, both
as to organi zati on and nethod of operation, together with objects and
advant ages thereof, may be best understood by reference to the foll ow ng
det ai | ed descri pti on BRIEfMBDESCRIRTION ORMBHEIDRAMINGEbes certai n exenpl ary
enbodi nents of the invention, taken in conjunction with the acconpanying
drawings in which: 10 FIG 1 is a side viewof a liquid netal swtch,
accor di Tie features taditine énveatiombelisvedfto e aoysl eseset fanthewith parttictribl B 2 is a

t f | t t
of the e cBirded Riidon TnpefeniBtsa ngRRLIIR 4 PlebPlAUGT e | By er
of a | imsethddneft aperaiidr, thgeiher witthi oigedte andeadaintagesbihdrevtninay dfe best pr esent

i nvention
understood by reference to the following detailed description of the invention, which

describes certain exemplary embodiments of the invention, taken in conjunction with
the accompanying drawings in which:
10

FIG. 1 is a side view of a liquid metal switch, according to certain embodiments of
the present invention.

15 FIG. 2 s a cross section of a liquid metal switch, according to certain embodiments
of the present invention.

FIG. 3 is a top view of a circuit substrate layer of a liquid metal switch, according to
certain embodiments of the present invention.

FIG. 4 is a top view of a piezoelectric layer of a liquid metal switch, according to
certain embodiments of the present invention.

FIG. 5 is a top view of a cap layer of a quuid. metal switch, according to certain
25  embodiments of the present invention.
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20 FIG 4 is atop view of a piezoelectric layer of a liquid nmetal switch,
according to certain enbodinents of the present invention.. FIG 5 is a
top view of a cap layer of a liquid nmetal switch, according to certain 25
enbodi nents of the present invention. 8 Attorney Docket No. 10020540-1
PATENT DETAI LED DESCRI PTION Wile this invention is susceptible of

enbodi nent in many different forns, there is 5 shown in the drawi ngs and
will herein be described in detail specific enbodi nents, Q: £
understanding that the present disclosure is to be consi dere AEENR exanpl e
of the principles of the invention and not intended to limt the invention
to the specific enbodi nents shown and described. In the description bel ow,
li ke reference nunerals are used to describe the sane, simlar or
corresponding parts in the DQETAEBRESOREBEHON the drawings. A liquid
metal switch may be represented using a plurality of |ayers, wherein the
plurality of |ayers represent |ayers created during a fabrication of the

i quid Méhikl thissimvention Bedfusceptibde nbembodifmaat il manysditferent éamat tieedel iqui d

d f th
TeL 2% 2 UhbGR B T o, BGERSL et BeB S RN e TS
120, whiwith the edserlstantimgdhda’(ayerprés’é@t discloswrpli®tb he considerett assmbstample | ayer
notdthtcwcutsusta ri se a

oo al | o) eI e ivelion RO Bb Plsfigedi< it e Mibniat bilfe BREREL 5 o

not showmbomrférﬁ‘s sribwnl tands désuribedr notwd tesdripdonli belowalliké aydsreneay be
coupl ed ntur%e(r:%) are used fLo describe the same, similar or correspondmg parts in the

10  several views of the drawings.

A liquid metal switch may be represented using-a plurality of layers, wherein the
plurality of layers represent layers created during a fabrication of the liquid metal
switch. Referring now to FIG. 1, a side view of a liquid metal switch 100 is shown,
15 according to a certain embodiment of the present invention. Cap layer 110 is shown
coupled to piezoelectric layer 120, while piezoelectric layer 120 is couhled to circuit
substrate layer 130. It is noted that circuit substrate layer 130 may further comprise
a plurality of circuit traces, wherein the plurality of E:ircuit traces are not shown in FIG.
1. It is further noted that additional layers may be coupled to cap layer 110,
20  piezoelectric layer 120 and circuit substrate layer 130 without departing from the
spirit and scope of the present invention. in certain embodiments of the present
invention, the piezoelectric layer 120, cap layer 110, and the circuit substrate layer

130 may be composed of one or more of glass, ceramic, composite material and

ceramic-coated material.

Referring now to FIG. 2, a cross section 200 of liquid metal switch 100 is shown,
according a certain embodiment of the present invention. Piezoelectric layer 120
comprises a chamber‘210, wherein in a preferred embodiment of the present
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20 piezoelectric layer 120 and circuit substrate |ayer 130 w t hout
departing fromthe spirit and scope of the present invention. In certain
enbodi mrents of the present invention, the piezoelectric |ayer 120,
| ayer
nore of glass, cerami c, conposite material and ceram c-coated material. 25
Referring nowto FIG 2, a cross section 200 of liquid netal swtch

shown,

110, and the circuit substrate | ayer

according a certain enbodi nrent of the present invention.

cap

130 may be conposed of one or

100 is

Pi ezoel ectric layer 120 conprises a chanber 210, wherein i nPATENFerred
enbodi mrent of the present 9 Attorney Docket No. 10020540-1 PATENT

RofMATRERrtRe 273 B Tl CBRTREIY bl PleRieRaR Tabey 9557 “Lng ™

sl ug 216hamEbeZI1(D goimprises al pl@@hty cﬂmhtaets 220, diquiy roetab2(@®)| dndusiugl218y,

i nvent i
Chanber

asafr

acts

t|on re ubri cant . ura of co cts 220 are
coupl ed % gy %Fé@%ss[ulcétag PeCURY Tﬁ&%mm a{ﬂyd fisan @ %@%op §ecilbquq ed to
the pl uidkicant. OThélgmréllﬁ? f 23Atactsuptdrare @@umé@qlo fefrowit umasn%iélay@ansbayer 110,

and operable to be cou

met at  265uid@e) 2PRes CEHB'ﬁpéa e, Phrality of ﬁB’ﬂté“@fz

ed to cap, | ayer 110. 2{(%)leS IS

to liquid
é“"HleurCQPP'F thS?“Q:ont acts

220. | nofs c&dg #yRr elﬁbo@nﬂeé‘ﬁerﬁf)lettﬁebé)rc@ﬁﬁl% tbnéféi‘ﬁl}dy@f‘dm' ugiugla1g esi des.
entlrelyvmthlnll 05. ug may e50|dor hol | ow, and may
be 10 ceRKRRLE daui '%Elai QBﬁea%%ﬁhPéPOU@%ﬁo é’é’en%'t@mq ef Henply@iBs of cer ami c

or pl asgdrtact t220! SiMAtRGalhabbliftdnt omé‘bre%@ﬁt InYefIM sk D5 eanilledf the
plurality of contacts 220 i ndependent of posi tion of I quid netal

100.

10

15

20

| nertirelyr WhiR licvich metah20%f $lHg 215 may be solid or hollow, and may be

composed of a wettable material, such as metallic compounds, ceramic or plastic. It
is noted that liquid metal 205 is coupled to each of the plurality of contacts 220
independent of a position of liquid metal switch 100. In a certain embodiment of the
present invention, liquid metal 205 enables slug 215 to be coupled to one or more of

the plurality of contacts 220.

Chamber 210‘ is filled with a gas, which in a certain embodiment of the present
invention is inert. In a certain embodiment of the present invention, the gas is
nitrogen. Slug 215 is represented in FIG. 2 as a solid material, although it is noted
that slug 215 may be hollow without departing from the spirit and scope of the
present invention. In a certain embodiment of the present invention, slug 215 is
tapered at both longitudinal ends of said slug 215 so that slug 215 may be actuated
by a movement of a piezoelectric element. The piezoelectric element may be
composed from ceramic, quartz, plastic, or speciavlly designed materials. It is also
noted that although liquid metal switch 100 is shown with three contacts 220, a
greater number of metal contacts may be used without departing from the spirit and
scope of the present invention. The plurality of contacts 220 are choéen from a
material so that plurality of contacts 220 does not interact with liquid metal 205. It is
noted that in a certain embodiment of the present invention, one or more of plurality
of contacts 220 are coupled to slug 215 at each time instant thereby enabling liquid

10
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present invention, liquid nmetal 205 enables slug 215 to be coupled to one
or nore of the plurality of contacts 220. 15 Chanmber 210 is filled with a
gas, which in a certain enbodi nent of the present invention is inert. In a
certain enbodi nent of the present invention, the gas is nitrogen. Slug 215
Is represented in FIG 2 as a solid material, although it is noted that
slug 215 may be hol | ow wi t hout departing fromthe spirit and scope of the
20 present invention. In a certain enbodi nent of the present invention,

slug 215 is tapered at both |ongitudinal ends of said slug Z£§ENTt hat
slug 215 may be actuated by a novenment of a plezoelectrlc el ement . The

Cpeoi al P dst B OB T suish, ABor PR FaREF ich ARSI kb dy Mt A eR Rl & et
swi tch #¥thiree sbatatts\vd20hsHdwre Hmtmarteso;ﬂﬁ@bleaoaﬁogd@at@Jmmun‘rmntaﬂt met al
cont act

or osont URGENET SRS ANN A 3 ot Sfie S04 &0 T SBbingdien £ ISRt '

mat er i abomactt bﬁpuulaélw ¥ ldohta@fs 000t dHeratdy Ginderstridal sighhewtata Woldyityi qui d
nmetal 205. Is noted that in a certain enbodi nent of the_ present

i nveht i Sﬂposdtﬁéh%ﬁ"fﬁﬁ\"@'r@fsﬁﬂ &Hald  fahtaontach Pheiuealinng coniadtvtti-ed to sl ug
215 at each tinme instant thereby enabling liquid 10 Attorney Docket No.

10020540-1 PATENT netal switch 100 to switch electrical signals in a
differential manner. As an exarrpl e, the three contacts 220 shown in FIG 2

are opepafiin Ho\HrtS\#l £3% Wéﬁb“&fa&kunt%hﬁﬁrﬁérl‘éﬁr 180raighiaShewn in FIG

2) with slug 215 so that co |ngsug 215 to a contact of plurality
of cont awiteh 200 igyshewand e@omim@lt@a gerntain %mtgamem @fhth§ present; ipyention.

10  Plurality of contacts 220 are coupled to circuit substrate layer 130. It is noted that
plurality of contacts 220 may be connected through the circuit substrate layer 130 to
a plurality of solder balls on an opposite side of circuit substrate layer 130 for signal
routing. In an alternative embodiment of the present invention, circuit traces and
pads may be provided on the same side of circuit substrate layer 130 as piurality of
15 contacts 200. :

Referring now to FIG. 4, a top view 400 of piezoelectric layer 120 of liquid metal
switch 100 is shown, according to a cértain embodiment of the present invention. A
top level view of piezoelectric layer 120 is shown along with a cross-section 430.
20 Cross-section 430 illustrates a plurality of piezoelectric elements 410 coupled to
piezoelectric layer 120 and further Coupled to chamber 210. The plurality of
piezoelectric elements 410 are oriented perpendicular to the plurality of contacts
220. A side view of vent passage 420 is also shown in cross-section 430. Vent
passage 420 resides within piezoelectric layer- 120, and in a certain embodimeht of
25  the present invention vent passage 420 is coupled to chamber 210 in two locations.
In a certain embodiment of the present invention, the two locations are oriented so
that the plurality of piezoelectric elements 410 are located between the two locations
when piezoelectric layer 120 is viewed from the top. It is further noted that in a
certain embodiment of the present inventi‘on, chamber 210 is fabricated so that a

-1
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5 opposite that of coupling slug 215 to a right contact of plurality of
contacts 220. Referring nowto FIG 3, a top view 300 of circuit substrate
| ayer 130 of liquid netal switch 100 is shown, according to a certain
enbodi mrent of the present invention. 10 Plurality of contacts 220 are
coupled to circuit substrate layer 130. It is noted that plurality of
contacts 220 nmay be connected through the circuit substrate layer 130 to a
plurality of solder balls on an opposite side of circuit substrate |ayer
130 for signal routing. In an alternative enbodi nent of thepﬁﬂgggﬁt

I nvention, circuit traces and pads may be provided on the sane side of

circuit pﬁb’egﬁ); of’lgﬁ'nahac% 58%@(214%5&8'(9& L,‘Ht eﬁ:fept {]05th%0 %l%‘ﬁ#ys?fzrggzo(fﬁ‘)@étﬁé” ng now

to FIG a top view I ezoe ectr ayer
switch e@mends éh@mnd ael;acenupngoﬂqcaaonsaoft the rveemw@ageﬂeooffhe phurplity obnt

| nventi gpy, ||%hah9 'zﬁtY)e%r |Sé’i’ra%d %gﬁﬂq ﬁh i ?éeﬁotégqhétsu%'i’%’l@r %Irong W th

a Cross- sectlon oss sec I on ustrates a pl
pi ezoel é&wefimmatbefmfrur@nnel@ @@ucpﬂukﬂ bewsegdivéthoet departing rfrayrethelmjntaanld f urt her

d t f ' t 0
ori ont et BREaraR b el Sidpl ity SaynBhods fEb %S sR B e e o
vent dpasem?ﬁas%age |4szoa||lssnpe$drme:vlmo |aﬂeqmla2:tg|$ eametlie)a dﬁmbtevmss#bpaas agleg 42? -
resi des I N ezoel eclric in a cer In. e 0}
the pr egﬁ-‘uf inrﬂ) YR o'%' (P@?’-)pr%@%g‘g?”&ﬁtﬁ "?f&ﬁlﬁoe enge ﬂ%FPSéP g)? }1
| ocat i opiezoelbttria etriérits 4 10 @bo dblerd bifedtivelybatdatsatad. | nvention, the two

| ocations are oriented so that the plurality of piezoel ectri c elenents 410
are | ocated between the two | ocations when piezoelectric layer 120 is

vi engd Prpaity bepieeelettric efenidhts 460 nidgtRtdghfintddladishdi@t inFIG. adogherent  of
t he present 1nventi on chanmber 210 is fabricated so that a - 11 Attor ney
Docket RbMoigebife piurality of piezoelectric elements 410 may be dlstlnct elements If the
plurality of piezoelectric elements 410 are segmented, then in a certain embodiment
of the present invention plurality of piezoelectric elements 410 has a common ground
while plurality of piezoelectric elements 410 may be actuated distinctly. In a certain
15 embodiment of the present invention, one or more of the plurality of piezoelectric
elements 410 are constrained on one side so that expansion of the one or more
piezoelectric elements is in a single direction. The plurality of piezoelectric elements
410 may be actuated so that slug 215 moves from one subset of the plurality of
-contacts 220 to a second subset of the plurality of contacts 220, thereby enabling
20  liquid metal switch 100 to change state. Actuation of a piezoelectric element of the
plurality of piezoelectric elements 410 is operable to move slug 215 within chamber

210.

Successive actuations of one or more of the plurality of piezoelectric elements 410
25  are operable to cause slug 215 to propagate from a first end of chamber 215 to a

second end of chamber 210. In a certain embodiment of the present invention,

plurality of piezoelectric elements 410 are actuated one at a time with a second

piezoelectric element actuated after a first piezoelectric element wherein the first

piezoelectric element is adjacent to the second piezoelectric element. It is noted that

12
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PATENT plurality of small channels 440 are created adjacent to the
plurality of piezoelectric elenents 410 and adjacent to two | ocations of
the vent passage 420. The plurality of snmall channels 440 are illustrated
in FIG 4, although it is noted that a greater or fewer nunber of channels
440 could be used without departing fromthe spirit and 5 scope of the
present invention. Plurality of small channels 440 are oriented so that
vent passage 420 is operable to adequately equalize a chanber ressure as
slug 215 is in notion. Plurality of small channels 440 are Ti ent ed
so that plurality of piezoelectric el ements 410 are able to effectlvely be

act uat eq. Plurality I I Y, e ed as
shown i ﬂwe':%r engfg © P”‘Sr?é moorg aﬁﬁfag’oﬁ% fﬁ@eﬁ ﬁ{r%%‘tpf Z%égcglgeezlglg g%t ri cgel enent s
410 may phealdy of bleebelebeicbgiémentst4 t0hmay euner- adpcerit vpntmmaleeamngdr@herrent S
410 are,se n a certa

t t t
plural i ff i rgfzj%:&pgar? Fh%p'@lsgﬂtéHY%nq'QTg?ﬂéscr%Q@o?%%é' BEﬂ@ES%ﬁ%ﬁen on
plurali lr%lgoﬁorplogeaﬁlr?@re][dfﬁ]@blemm Gftpléibelmijrld)elemehw‘&ﬁnﬂyﬁelamamd In a
certain odi ment o e _presen vention e o
o1 ur 31 117 S5 6 SR Rl ot daafRefs Arieiorty o ud 318 i e 15 PBRESRse so
that expansthenirgtieridts cRAMbEF 2 1B cthe REEERELIE bf Crantde I8! St lS%ISOr‘nc&tedl ngl e
directign. The plurali tﬁ of piezoelectric ele ated so

nt b
t hat sl d?j‘ N § GRplasempg of Hissrresent ipyRntisny ITE‘P?J éfe”r%o‘?ft a 20 to a
second %l@ﬁa%ré?f sd Bat mélma}amwoﬁﬁ.emc@ﬁd SleAits 4 ERRBY effidRLY ﬂﬂFBQ l'i qui d

nmetal switch 100 to change st'ate. Actuation of a piezoelectric el enent of

the pl @rgiqaty tefsiyg 8¥%ella & ¢ertaine pERediment 1 the; pfﬁs?@ﬂhtswenw fHe2dPug 215

Wi thhn ehserekes %l&bs%tmsmsééﬁé%rﬁ%%w Qe ththé)BEtuﬁﬁorFBf Sné)Br hemiural ity
of piezoelectric elenments 410 25 are operable to cause slug 215 to

pr opagathe plueiityoffriezoelastiic @ementerdIdr 215 to a

Referring now to FIG. 5, a top view 500 of cap layer 110 of liquid metal switch 100 is
shown, according to a certain embodiment of the present invention. It is noted that
15 cap layer 110 is fabricated from a monolithic material. In a certain embodiment of
the present invention, cap layer 110 is fabricated from glass, circuit substrate layer
130 is fabricated from a ceramic, and . piezoelectric layer 120 is fabricated from

ceramic.

20  The liquid metal switch 100 operates by means of the lateral displacement of one or
more of the plurality of piezoelectric elements 410 in an extension mode thereby
displacing slug 215 that is wetted by a liquid metal 205 and causing the liquid metal
205 to wet between a first contact pad of the plurality of contacts 220 on the circuit
substrate 130 and a second contact of the plurality of contacts 220 to close a switch

25  contact of liquid metal switch 100. The same motion that causes the solid slug to
change position ‘can cause an electrical connection to be broken between the first
contact on the substrate and the second contact. The lateral motions of the one or

. more piezoeleétric elements squeeze the slug 215 tapered ends, thereby moving the
slug 215 along a length of the chamber 210 to overcome surface tension forces that

) 13
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second end of chanber 210. In a certain enbodi nent of the present

invention, plurality of piezoelectric elenents 410 are actuated one at a
time with a second piezoelectric elenent actuated after a first

pi ezoel ectric el enment wherein the first piezoelectric elenent is adjacent
to the second piezoelectric elenment. It is noted that 12 Attorney Docket
No. 10020540-1 PATENT the ordering of one or nore actuations of one or nore
pi ezoel ectric elenments of the plurality of piezoelectric elenments 410 may
be non-adjacent wi thout departing from the spirit and scopeP&TEME present
invention. In a certain enbodi nent of the present invention, one or nore
of the Iurallt i ezoel ectric engnts 410 be ,act.u or der
to sl owvaymoldih eualHE@AS 'acs;@ﬁaskmthythﬁnﬁéf wﬁﬂsﬁrﬁg "8‘1"8@“%‘?@ E’(Blpéggt
fromth%téﬁers%y ﬁl@ﬁn@fof ahayHaes térddior auéh@ua@acrﬁ@taems @ﬁdth@lﬂb@id rAéal It is

al so noted th in a certain enbodi nent of presen ention, the

t aper ed2%u@ﬂt51|g tg|they Purality af eontagie 220 Jbet% 2151@ wattab. ?@ sgmay be

pi ezoel ﬁm%ﬁr{téuﬁeﬁ%r?g% 6&%:6}13&&% & thbGuFaES YerisBndtithe ﬁqM@ Istaita0g angl ug 215.
In a certaln e the present invention, slug 215 10 experiences a
subst antheaﬁquyllf@@ﬂfsﬂ’laﬁiugl%ﬁb@lqﬂﬁ QItI@Of?d)fﬁ*F%P@Eﬁ“UaﬂflCGﬁta&FS%ﬁ% or more of the
plurality of piezoelectric elenments 410. Referring nowto FIG 5, a top
view 500 of cap layer 110 of liquid netal switch 100 is shown, according
to a ceWhiertheinvedtiorhas been des@itesdntconjunetian with specifig embodimarniayit 15 cap

| ayer 1.0 a I odi nment
of ther’g eégégrﬁltt {?{dﬁ\ﬁ/ﬁ%@{j té'%g}“?esn%&jj'héé}ffgs'lngé'?ﬁlgf%ocngt gr&&‘f\ir‘ag'%ﬁ@r?sgg@ Fbm rcuit
subst rabecdrm'eappaité}ﬂ tlostrfoabrofcatdmhrf/rskiﬂ in dhe aari in lightl of ;ihezf@eemmm c layer

12016 S fdgéoc:rrljp 8 e‘}kc‘éér%'ﬂgnﬁ 4 f?srpntended that the present invention embrace all such

alternatives, madifications and variations as fall within the scope of the appended

claims.

What is claimed is:
4 15

14
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20 The liquid netal switch 100 operates by neans of the | ateral

di spl acenent of one or nore of the plurality of piezoelectric elenents 410
in an extension node thereby displacing slug 215 that is wetted by a
liquid netal 205 and causing the liquid netal 205 to wet between a first
contact pad of the plurality of contacts 220 on the circuit substrate 130
and a second contact of the plurality of contacts 220 to close a swtch 25
contact of liquid nmetal switch 100. The same notion that causes the solid
slug to change position 'can cause an el ectrical connect i on PAJ BT br oken
between the first contact on the substrate and the second contact. The

| ateral notions of the one or nore piezoelectric elenents squeeze the sl ug
215 tapered ends, thereby noving the slug 215 along a length of the
chanber 210 A strosterefoman®ladtricat swviketsicompfisinges t hat 13 Attorney Docket No.
10020540-1 PATENT woul d hold the slug 215 in contact with the first

contact. The liquid netal switch 100 |atches by neans of a surface tension
due to liquid netal 205 and the liquid nmetal 205 wetting to the plurality
of contacts 220. al§es-filladchabiber fousdd withie acsalld smatanel; be nmaintained in a
stabl e position due to. the surface tension of the liquid netal 205 and 5
the goupling of the slug 215 to one or nore of the plurality of contacts
220. Wi le the invention has been described in conjunction with specific
enbodi nents, it 4 sluRNitydsontdess wiin \heabasfilsaidhaatber,Witkrbinahe i ons,
permutations. and variations wll becone apparent to those of ordinary
skill in the art dutality@Ptofthcishfe ol e dlidafiéndlt i on. Accordingly, it
is intended that the present invention enbrace all such alternatives,

nodi fications and variations as fall within the scope of the appended

cl ai ns. : '

a plurality of piezoelectric elements within the gas-filled chamber,

10 coupled to the solid material;

a slug vs;ithin the gas-filled chamber coupled to one or more of the
' plurality_ of contacts and further coupled to one or more of the plurality
of piezoélectric elements; and
15 |
a liquid metal coupled to the slug, and coupled to the plurality of

contacts.

. 15
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What is clained is:
structure for an electrical switch, conprising: a gas-filled chanber
a plurality of contacts within the gas-filled
wherein the plurality of contacts are coupled to the solid

a plurality of piezoelectric elenents within the gas-filled

within a solid materi al ;

chanber,
mat eri al ;
chamber,

a liquid nmetal coupled to the slug, and coupled to the plurality of

cont act s.
claim1,

to the plural

15 14 Attorney Docket No. 10020540-1 PATENT 5 1. A

housed

10 coupled.to the solid material; a slug within the gas-filled
chanber coupled to one or nore of the plurality of contacts and further
coupled to one or nore of the plurality of piezoelectric el E#8RNT and 15

&

ot R ey MR R Ao e P sl dOR B AR o cut ar

i s tapered a@f@%@%qlgﬁtﬁﬁtﬁgtgﬁ@ﬁy of contacts.

10

15.

The structure of claim 1, wherein the slug is tapered at one or more ends.

The structure of claim 1, wherein the plurality of piezoelectric elements are

segmented.

The structure of claim 1, wherein the\"plurality of piezoelectric elements are

coupled to a common ground.

The structure of claim 1, further comprising a vent passage coupled to the
gas-filled chamber, wherein the vent passage comprises one or more vent

couplings to the gas-filled chamber.

The structure of claim 6, wherein the one or more vent couplings are oriented
so that the plurality of piezoelectric elements are located between a first vent
coupling of the one or more vent couplings and a second vent coupling of the

one or more vent couplings.

The structure of claim 1, wherein the chamber is filled with an inert gas.

16
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4. The structure of claim1l1l, wherein the plurality of piezoelectric

el ements are segnented. 5. The structure of claim1l, wherein the plurality
of piezoelectric elements are 10 coupled to a comon ground. 6. The
structure of claiml1, further conprising a vent passage coupled to the
gas-filled chanber, wherein the vent passage conprises one or nore vent
couplings to the gas-filled chanber. 15 7. The structure of claim®6,
wherein the one or nore vent couplings are oriented so that the plurality
of piezoelectric elenents are |ocated between a first vent ESUFVhg of the
one or nore vent couplings and a second vent coupling of the one or nore

vent coupld ngs, sl%?ctl?re o?&f‘alr?()a’, H&H%ﬁﬂ,%f %ol \:/\/nerei n the chanber is

filled with an 1ner rne 10020540- 1 PATENT 9. The
structure of claim8, wherein the gas is nltrogen 10. The structure of
claim1l1, wherein the chanber further conprises one or nore channels. 5 11.

0P oot o b Bk 8 WO B e P B RRRE e BB e e

r f th r hannel
nore o te&anng{s'm)eca els

5
- 11.The structure of claim 10, wherein the one or more channels have the same

orientation as the cha_rnber.

12. The structure of claim 10, wherein one or more of the one or more channels
10 _ are located adjacent to the one or more locations where the vent passage is

coupled to the chamber.

13. The structure of claim 10, wherein one or more of the one or more channels
are located at one or more ends of the plurality of piezoelectric elements.
15

14. The structure of claim 1, wherein the liquid metal is mercury.

15.The structure of claim 1, wherein the slug stays within a volume of the liquid
metal during the actuation of one or mare of the plurality of piezoelectric

20 o elements.

) 17
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10 are |l ocated adjacent to the one or nore |ocations where the vent passage
is coupled to the chanber. 13. The structure of claim 10, wherein one or
nore of the one or nore channels 15 are |ocated at one or nore ends of the
plurality of piezoelectric elenments. 14. The structure of claim1l1, wherein
the liquid metal is mercury. 15. The structure of claim1, wherein the slug
stays within a volunme of the liquid netal during the actuation of one or
nore of the plurality of piezoelectric 20 elenents. 17 AttoF% ¥§EECket No.
10020540-1 PATENT 16. A structure for an electrical switch us 3_ lurality
of piezoelectric elements, conprising: a cap layer; 5 a piezoelectric

| ayer coupkeds fr@cth#@fo?é elééYrg:ral switcH ﬁ?ﬁ’g b pRiRRY Bfibi%zbélb,‘&hc ermdrd, to the

pi ezoel ectric layer as-filled chanber coupled to one or nore of
t he plezoelqﬁ@&5ﬁA yer, 15 cap layer and circuit substrate |ayer, wherein
the gas-fille amber further conprises the plurality of piezoelectric
el enments, a plurality of contacts, a slug coupled to one or nore of the
pIuraIity of contacts and coupled to one or nore of the plurality of

pi ezoel ectric el %rzearbtlayﬂand a

5

a piezoelectric layer coupled to the cap layer,
a circuit substrate layer coupled to the piezoelectric layer; and

10 a gas-filled chamber coupled to one or more of the piezoelectric layer,
cap layer and circuit substrate layer, wherein the gas-filled chamber
further comprises the plurality of piezoelectric elements, a plurality of
contacts, a slug coupled to one or more of.thehplurality of contacts and
coupled to one or more of the plurality of piezoelectric elements, and a

15 liquid metal coupled to the slug, and coupled to the plurality of |

contacts.

- 17.The structure of claim 16, wherein the cap layer, circuit substrate layer,
piezoelectric layer may be composed of one or more of glass, ceramic,

20 composite material and ceramic-coated material;

18.The structure of claim 16, further comprising a vent passage coupled to the

18
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liquid netal coupled to the slug, and coupled to the plurality of

contacts. 17. The structure of claim 16, wherein the cap layer, circuit
substrate | ayer, piezoelectric |ayer nmay be conposed of one or nore of

gl ass, ceramc, 20 conposite material and ceram c-coated nmaterial 18. The
structure of claim 16, further conprising a vent passage coupled to the 18
Attorney Docket No. 10020540-1 PATENT gas-filled chanber, wherein the vent
passage conprises one or nore vent couplings to the gas-filled chanber.
19. The structure of claim 18, wherein the one or nore vent PO&FINThgs are 5
oriented so that the plurality of piezoelectric elements are |ocated
between a first vent coupling of the one or nore vent coupli and a
second vent 9asofillsdiGhgmber. rg'ﬂéh%yeWS%?OTWWi%sqr "i%.e \)%ﬂg structure
of claim 16, wherein the circuit substrate [ayer further conprises 10 a
plurality ofcaspfiegs o the gasdilethehambRrurality of pads operable to route one
or nore signals generated by actuation of one or nore of the plurality of
pi ezoelectric elenments. 21. The structure of claim 16, wherein the chanber
is filled with an inert gas. 15 22. The structure of claim 16, wherein the
chanber f 4% The steusiweiof 6Rirp 8, wheiai thedngrdnare veat cotplings ffct ure of claim

22, wherein one or nore of the one or nore channels
5 oriented so that the plurality of piezoelectric elements are located between a

first vent coupling of the one or more vent couplings and a second vent

coupling of the one or more vent couplings.

20.The structure of claim 16, wherein the circuit substrate layer further comprises
10 ‘ a plurality of circuit traces and a plurality of pads operable to route one or
more signals generated by actuation of one or more of the plurality of

piezoelectric elements.

21.The structure of claim 16, wherein the chamber is filled with an inert gas.

15
22.The structure of claim 16, wherein the chamber further comprises one or more
channels.
23. The structure of claim 22, wherein one or more of the one or more channels ‘
S 20 are located at one or more ends of the plurality of piezoelectric elements.

24.The structure of claim 16, wherein the slug stays within a volume of the liquid

. 19
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20 are |located at one or nore ends of the plurality of piezoelectric

el ements. 24. The structure of claim 16, wherein the slug stays within a
volune of the liquid 19 Attorney Docket No. 10020540-1 PATENT netal during
the actuation of one or nore of the plurality of piezoelectric elenents. 20
Attorney Docket No. 10020540-1 PATENT 5 10 15 20 25. A nethod for el ectrical
switching of one or nore electrical signals using a liquid netal swtch,
conprising: actuating one or nore of a plurality of piezoel ?gqr el enents;
t he actuation of the one or nore piezoelectric el enents causr 5 sl ug
coupled to the one or nore piezoelectric elenments to nove froma first

of cont act Saiowing BedehrRTAsare o moln LR ATRRY MPIRLBEHE T\ [T M

nmetal ; and the novenent of the slug fromthe first nunber of contacts to
the second®la®eBE of cont acts breaking a liquid netal surface tension

Attorney Docket No. 10020540-1



between the slug and the first nunmber of contacts and establishing a
coupling between the slug and the second nunber of contacts, thereby
enabling the liquid metal switch to change froma first state to a second
state. 26. The nethod of claim 25, wherein the slug is wetted by the liquid
metal . 27. The nmethod of claim 25, wherein the coupling between the slug
and the second nunber of contacts is due to a plurality of surface tension
forces Attorney Docket No. 10020540-1 21 PATENT caused by tgafééwid nmet al
28. The nethod of claim 25, wherein the one or nore piezoel rtc el enents
have substantially equival ent actuation properties. 5 29. The nethod of
claim 25, wherein one or nore of the first nunber of contacts and one or
nore of the second nunber of contacts are the sane. 30. The nethod of claim

i i piranpen Btectiod b SrAE BT D b A AR ana IR E 10 OTTE

one or nore_ vqolunmes of _liquid.netal are coupled to the one or nore :
contacts. 1Hdug mefglswiich R ai m 25, wherein actuati ng one or nore of

the plurality of iezoelectric ele n&s i.S. 0 {?'l duce a velocity
of the slug. 33.2GHAINGRNF 'B?'ec‘?efsi‘i ‘ﬂ‘?’? t}’%belzglglrﬁg 'ﬁgel%ﬁ%ﬁtg‘r nor e
pi egoel ectric elenents are |located at an end of the chanber

the actuation of the one or more piezoelectric elements causing a slgg

coupled to the one or more piezoelectric elements to move from a first

number of contacts to.a second number of contacts wherein the first

number of contacts and the second number of contacts are wetted by a

10 ‘ liquid metal; and

the movement of the slug from the first number of contacts to the
second number of contacts breaking a liquid metal surface tension
between the slug and the first number of contacts and establishing a

15 ‘ coupling between the slug and the second number of contacts, thereby
enabling the liquid metal switch to change from a first state to a second

state.

26.The method of claim 25, wherein the slug is wetted by the liquid metal.
20
27.The method of claim 25, wherein the coupling between the slug and the

second number of contacts is due to a plurality of surface tension forces

21
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20 34. The method of claim25, wherein the plurality of piezoelectric
el enents are actuated in an adjacent manner. .22 Attorney Docket No.
10020540-1

PATENT

caused by the liquid metal.

28.The method of claim 25, wherein the one or more piezoelectric elements have

substantially equivalent actuation properties.

29. The method of claim 25, wherein one or more of the first number of contacts

and one or more of the second number of contacts are the same.

30. The method of claim 25, wherein the liquid metal is separable into one or

10 more volumes within the chamber. '

31.The method of claim 25, wherein one or more of the one or more volumes of

liguid metal are coupled to the one or more contacts.

15 32.The method of claim 25, wherein actuating one or more of the plurality of

piezoelectric elements is operable to reduce a velocity of the slug.

33. The method of claim 25, wherein the one or more piezoelectric elements are
located at an end of the chamber
20
34.The method of claim 25, wherein the plurality of piezoelectric elements are

actuated in an adjacent manner.

22
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