10030062-1 5 FLU D- BASED SW TCHES AND METHODS FOR PRODUCI NG THE SAME 10
Background of the Invention [0001] Fl uid-based switches, such as |liquid
nmetal mcro switches (LIMVB) have been made that use a liquid netal, such
as nercury, as the switching elenent. The liquid netal nay nmake and break
el ectrical contacts. Alternately, a LIMVMS may use an opaque liquid to open
or block light paths. To change the 15 state of the switch, a force is
applied to P800t ching fluid, which causes it to change form and nove.

[ 0002] Substrates used to nmanufacture the LIMMS nay be held together wth
adhesi ves, such as pol yners. The adhesives used may not w thstand sone
assenbly conditions (e.g., soldering tenperatures). Additionally, polyners
may 20 absorb gases and/or noisture and may outgas during use, which may
cause chem cal contami nation of the interiors of the package. Polyners

al so do not seal herneticafpLyw-SBASBOSWITORES ANl ing is required to create

a hermetic switch. SumreggrRODSFOR PRODUCING THE[SKME] | n one enbodi nent, a
met hod for producing a switch is disclosed. The nmethod conprises

depositing a first alignnment pad on a first substrate. A second alignnent
pad is deposited on a second substrate. Solder is then 1 10030062-1

10 Background of the Invention
[0001] Fluid-based switches, such as liquid metal micro switches (LIMMS)
have been made that use a liquid metal, such as mercury, as the switching
element. The liquid metal may make and break electrical contacts. Alternately, a
LIMMS may use an opagque liquid to open or block light paths. To change the

15 state of the switch, a force is applied to the switching fluid, which causes it to
change form and move.
[0002] Substrates used to manufacture the LIMMS may be held together
with adhesives, such as polymers. The adhesives used may not withstand some
assembly conditions (e.g., soldering temperatures). Additionally, polymers may

20 absorb gases and/or moisture and may outgas during use, which may cause
chemical contamination of_ the interiors of the package. Polymers also do not

seal hermetically, so additional sealing is required to create a hermetic switch.

ummary of the invention

25 [0003] In one embodiment, a method for producing a switch is disclosed.
The method comprises depositing a first alignment pad on a first substrate. A

second alignment pad is deposited on a second substrate. Solder is then



deposited on at |east one of the alignnment pads. A switching fluid is also
deposited on the first substrate. The substrates are nmated together by
aligning the alignnent pads and heating the solder. A cavity holding the
switching fluid is defined between the two substrates, the cavity sized to
al | ow novenent of the 5 switching fluid between first and second states.

Brief Descri Poto{a%quPf the Drawi ngs [0004] Illustrative enbodi nents of the
i nvention ar &P f45trated in the drawi ngs in which: 10 [0005] FIG 1
illustrates an exenplary plan view of a substrate including swtching

fluid and al depositstt orpatdesst bid6IGhe ilghmert pals.an skitéhirdi fiuis wisew of t he
substrate shown in FIG 1; [0007] FIG 3 illustrates an exenplary plan

view of a subapositddoor the firstisutgtrate. Ine bubstra@s tleiated getel bpalgnilgi gnment
pads; 15 [0008] FIG 4 is an elevation view of the substrate shown in FIG

3; [0009] Hh&alignmént pads aridateatiny Bk eplaér Acavityeholdliig theawitctisg fidd &S shown in
FIGS. 1-4 soldered together to forma switch; [0010] FIG 6 illustrates a
met hod to crdafined bétwesmihedwo stibskiates, the caVit) 8ikdd toFdiiGy mMoviellendfitiag es an

el evation view of a second exenplary 20 enbodi nent of the substrates shown
in FIGS. 1-4swishingifleid betwpenifiest andsdoondrstatesswi t ch; [0012] FIG 8 illustrates
an el evation view of the substrate shown in FIG 6 after heating;

Brief Description of the Drawings
[0004] llustrative embodiments of the invention are illustrated in the
drawings in which:

10 [0005] FIG. 1 illustrates an exemplary plan view of a substrate including
switching fluid and alignment pads;

[0006] FIG. 2 is an elevation view of the substrate shown in FIG. 1;
[c007] FIG. 3 illustrgtes an exemplary plan view of a substrate including a
switching fluid channel and alignment pads;

15 [0008] FIG. 4 is an elevation view of the substrate shown in FIG. 3;
[0009] FIG. § illustrates an elevation view of the substrates shown in
FIGS. 1-4 soldered together to form a switch;

[0010] FIG. 6 illustrates a method to create the switch of FIG. 5;
[0011] FIG. 7 illustrates an elevation view of a second exemplary

20 embodiment of the substrates shown in FIGS. 1-4 soldered together to form a
switch;

[0012]) FIG. 8 illustrates an elevation view of the substrate shown in FIG. 6

after heating;



2 10030062-1 [0013] FIG 9 illustrates a perspective view of a first
enbodi nent of a hernetically sealed switch; AND [0014] FIG 10

exenpl ary

illustrates a perspective view of a second exenpl ary

enbodi nent of a

hernmetically sealed switch; 5 Detailed Description [0015] FIGS. 1 and 2

illustrate a first substrate 100 for a fluid-based swtch, such as a
LI MVS. By Waﬁ)&of exanple, the first substrate 100 may be ceramc,
cer am c- coat

suitable materials may al so be used.

30081l , or a conbination of these materials. O her

gl ass,

10

are a plural jobysjof wetiGadliastPassa pédpectivddew sPSfirsP@EMPHry Sserving as
contacts. Switching fluid 118 is deposited on the wettabl e pads

el ectri cal

102-106. Swi érabudirgeritlofia Herdlicalisebled switdhgaND netal , such as nercury,

[ 0016] Deposited on the substrate 100

and

may be used to nmake and break el ectrical contacts or open and 15 bl ock
li ght paths.[0D04)17] AI6010lHpstRitéseperspective viawbofta sicend Bxbnaptary al | gnment  pads

110, 112.

Ali gnnent pads 110, 112 may be nade of a wettable material,

such

as netal or embddirheritlof ayermetioallyrsasiebewitched to align and nate substrate 100
with a second substrate used to forma switch. It should be appreciated
that altefnate 20 enbodi nents may include a different nunber of alignnent
pads 110, 112 and/or

10

15

20

Detailed Description
[0015] FIGS. 1 and 2 illustrate a first substrate 100 for a fluid-based

switch, such as a LIMMS. By way of example, the first substrate 100 may be
ceramic, glass, ceramic-coated metal, or a combination of these materials. Other
suitable materials may also be used.

[o016] Deposited on the substrate 100 are a plurality of wettable pads 102,
104, 106, possibly serving as electrical contacts. Switching fluid 118 is deposited
on the wettable pads 102-106. Switching fluid 118 may be a liquid metal, such
as mercury, and may be used to make and break electrical contacts or open and
block light paths.

[0017] Also deposited on the substrate 100 are alignment pads 110, 112.
Alignment pads 110, 112 may be made of a wettable material, such as metal or

metal alloys, and may be used to align and mate substrate 100 with a second
substrate used to form a switch. It should be appreciated that alternate
embodiments may include a different number of alignment pads 110, 112 and/or
wettable pads 102, 104, 106 than that depicted in FIGS. 1 and 2.

[0018] Solder 114 is deposited on each alignment pad 110, 112. By way

of example, solder 114 may be a solder with a high-melting point. Solder 114



wettabl e pads 102, 104, 106 than that depicted in FIGS. 1 and 2. [0018]

Sol der 114 is deposited on each alignnent pad 110, 112. By way of exanple,
sol der 114 may be a solder with a high-nelting point. Solder 114 3
10030062-1 nay be used to nate the first substrate 100 to a second
Substrate used in the formation of the switch. In alternate enbodi nents,
sol der 114 agdsl€rnately or additionally be deposited on alignment pads
| ocated on the second substrate. [0019] Seal ring 120 is deposited on at

| east a portion of the perineter of 5 the first substrate 100. By way of
exanpl e, seainay bengsetiz6 nratey the dirstrautstrete 180 tove secobd substiater useld in thech as net al
or netal alloys. As will be described in further detail below, seal ring
120 may be ufoEtatiop oftneswitels dnlajiersatglembiedimenist sdider 344 may@itemately 20 may not
be included in alternate enbodiments. [0020] FIGS. 3 and 4 illustrate a
second subst additionglydbedepasited oa afignment padsjecatad anithe secondlissbsleieond substrate
300 includes a switching fluid channel 304, a pair of actuating fluid
channel s 302[00%16, arfipahrifmi30 isfepasiteden & lezsba partion ofthe pedmetaeelt
correspondi ng ones of the actuating fluid channels 302, 306 to the

swi t chi ng’ f | §ip first sithstrate 1904 By way pEexamples seahdag 1 2hmaybe eage of @wer channel s

may be formed in the substrate 300, depending on the configuration of the
switch in 15WelaclenetRdal 3wl af metal pemetg! allays, Asiwill pe degsribag indurthete pai r of

2L URt1 19 11 ) oS 128 e B R PR e AR i e 3,508, 310
channel . 'A‘ddriintgi %%l\alyyriot bé inicFuded in alternate embodiments.
[0020] FIGS. 3 and 4 illustrate a second substrate 300 used in a fluid
10  based-switch. The second substrate 300 includes a switching fluid channel 304,
a pair of actuating fluid channels 302, 306, and a pair of channeis 308, 310 that
connect corresponding ones of the actuating fiuid channels 302, 306 to the
switching fluid channel 304. It is envisioned that more or fewer channels may be
formed in the substrate 300, depending on the configuration of the switch in
15 which the substrate is to be used. For example, the pair of actuating fluid
channels 302, 306 and pair of connecting channels 308, 310 may be replaced by
a single actuating fluid channel and single connecting channel. Additionally, it is
envisioned that in alternate embodiments, channels or portions of channels may
be formed in the first substrate 100 used to construct the switch.
20 [0021] In some embodiments, substrate 300 may comprise multiple layers
that are used to form the channels of the substrate 300. The layers may provide
a gap between seal rings 120, 340 for solder to flow into to hermetically seal the

switch. The layers may also provide better control of cavity volumes during



envisioned that in alternate enbodi nents, channels or portions of channels
may be formed in the first substrate 100 used to construct the swtch. 20
[0021] In sone enbodi nents, substrate 300 nay conprise nultiple |ayers
that are used to formthe channels of the substrate 300. The | ayers may
provide a gap between seal rings 120, 340 for solder to flowinto to
hernetically seal the switch. The |l ayers nay al so provide better control
of cavity v&PﬁW@§4during -4 10030062-1 nmanufacturing. By way of exanple,
the |l ayers may be gl ass, ceramc, ceram c- coated netal, a conbination of

t hese mat erigddufaclliring! BYw léi‘bi&?ﬁﬁe,'ﬁfélﬁ%r@h&t’)bgbﬁss,b%wi@ cefaniifie substrate
300 may be assenbl ed toget her by anodically bonding or fusion bonding them

t oget her. Thioatedmyetsll @ corebinationwf thes® materialb Cordtrap beitabie rhateridléisTiend ot her
assenbly conditions, such as soldering, and may reduce or elimnate the

ri sk of cheraysad ofdbersubstratet300maytimvassembled togathercbyartodiceliftmudimgror s usi ng
mul tiple | ayers, adhesives or other bonding nethods may al so be used.

[ 0022] The dusion bartdingIbem ddgether.ndhisdeay previde a moce rBddst dopdsble &ed on at | east
a portion of the perineter of the substrate 300. By way of exanple, seal

ri ng 340 350 withgtapd othedasseimbly cenditions, sudhesssoidating, sod mayseduge at or net al
alloys. As will be described in further detail below, seal ring 340 may be
used to her ralfinaig the rigleaf chemigal eqqtargination; Howeyardn igleraptgresbiogiments hat in
alternate enbodi nents, substrate 300 may not include seal ring 120. [0023]
Substrate 308MOURYIRIS layers| aghesives orqdias ReNdingaet3ods mayalso e Lsathent

[0022] The substrate 300 also includes seal ring 340 deposited on at least
a portion of the perimeter of the substrate 300. By way of example, seal ring 340
10 may be made of a wettable material, such as metal or metal alloys. As will be
described in further detail below, seal ring 340 may be used to hermetically seal
the switch. It should be appreciated that in alternate embodiments, substrate
300 may not include seal ring 120.
[0023] Substrate 300 further includes alignment pads 320, 322. Alignment
15 pads 320, 322 may be made of a wettable material, such as metal or metal
alloys, and may be used to align and mate substrate 300 with a first substrate
100 to form a switch. It should be appreciated that alternate embodiments may
include a different number of alignment pads. It should also be appreciated that
solder 114 may alternately, or additionally, be deposited on one or more of the
20 alignment pads 320, 322 on the second substrate 300.
[0024] Seal belts 332, 334, 336 may also optionally be deposited on
substrate 300. They may be made of a wettable material, such as metal or metal

alloys. The use of seal belts within a switching fluid channel 304 may provide



15 pads 320, 322 may be nade of a wettable material, such as netal or netal
all oys, and may be used to align and nate substrate 300 with a first
substrate 100 to forma switch. It should be appreciated that alternate
enbodi nents may include a different nunber of alignnment pads. It should

al so be appreciated that solder 114 may alternately, or additionally, be
deposited on_one or nore of the 20 alignnment pads 320, 322 on the second
substrate Sdgpmfé 24] Seal belts 332, 334, 336 nay al so optionally be
deposited on substrate 300. They nay be nade of a wettable material, such

as metal or Jagighal s@tHcQBéEeasT@@hféﬁﬁ s@itc u_ic.bt%* WelM THY fbt@n§Welpghi ng 1 ui d

channel 304 may provide 10030062-1 additional surface areas to which a

swi t chi ng flipigthiig)he\Ririoud Bliafes Mt a@MtshinPAuRScanl dtslimé At BBo hBIPs ¥ar i ous
states that a switching fluid can assunme, but also helps to create a

seal ed chanfwesaté & esaledcraimbieh ord whichhhagwifching dluid zammit essapapand and w t hin
which the switching fluid may be nore easily punped (i.e., during switch 5
st at e changensthin whichsthe switchirg flubmaycbemerd dasiyt pumhpedr(neaf duringisedciment s may not
i nclude seal belts 332-336. [0025] FIG 5 illustrates a fluid-based switch
t hat may Ye stale om=hges). itshbuld ibe mgprecigiet ithet aterbate eabedin®d B, ma30tt As
illustrated by FIG 6, the switch may be nade by form ng 600 at | east two
subst rat es Jdyde3@6l beitp 382+a86.t he substrates 10 mated toget her define

bet ween them portions of a nunber of cavities. Each substrate may include
a seal ring[9985] 340 Fifefolustrates @rfluig-hased pwitchdhatimay be formed by

soldering together substrates 100, 300. As illustrated by FIG. 6, the switch may
be made by forming 600 at least two substrates 100, 300, so that the substrates

10 mated together define between them portions of a number of cavities. Each
substrate may include a seal ring 120, 340 deposited on a portion of the
perimeter of the substrate that may be used to hermetically seal the switch. In
alternate embodiments, seal rings 120, 340 may not be included.
[0026] Next, alignment pads 110, 112 are deposited 605 on the first

15 substrate and alignment pads 320, 322 are deposited 610 on the second
substrate. Solder 114 is deposited 615 on at least one of the alignment pads
110, 112, 320, 322. Additionally, switching fluid 118 is deposited 620 on one of
the substrates 100. It should be appreciated that the switching fluid 118 and the
alignment pads 110, 112, 320, 322 may be deposited in any order. In alternate

20 embodiments, before depositing switching fluid 118 or alignment pads 110, 112
on the substrates 100, 300, one or both of the substrates may be made flat and
smooth (e.g., by lapping, polishing, or chemical mechanical polishing) to aid in

the bonding of the substrates.



perimeter of the substrate that may be used to hernetically seal the
switch. In alternate enbodi nents, seal rings 120, 340 may not be included.
[ 0026] Next, alignnent pads 110, 112 are deposited 605 on the first 15
substrate and alignnent pads 320, 322 are deposited 610 on the second
substrate. Sol der 114 is deposited 615 on at |east one of the alignnent
pads 110, l%&mfﬁgo, 322. Additionally, switching fluid 118 is deposited
620 on one of %% substrates 100. It should be appreci ated that the
switching fluid 118 and the alignnent pads 110, 112, 320, 322 may be

deposi ted i rjogap or d@inall?,ﬁh@hﬁsﬁémﬁﬁe 200 emine a5 tH3he suzbnd subdtrpsi ti ng
switching fluid 118 or alignnment pads 110, 112 on the substrates 100, 300,

one or bot h 390 tyhigrind 630 tbie fespastivb alignatbat pddat1 104320, @183t &nd e. g. , by

| appi ng, polishing, or chem cal nechanical polishing) to aid in the

bondi ng of tHeatisyéGE thaselder B141 b8 G0KRrates[100,80D nidyrtwl brought indo ¢losest substrate
100 is mated 625 to the second substrate 300 by aligning 630 their
respective adontpchwitit equhddher bp paseing thexubsiratesitagethes dunngthe hsatingofsol der 114.
The substrates 100, 300 may be brought Into close contact wth each other
by pressihg thesoldersiit whick may ireprmes swilgh padermaacetayminipjzipg leskageofs ol der 114,
whi ch may inprove switch performance by m nimzing | eakage of gases and/or
| i qui ds passdasgs bed/owdigrids passinghatweandhe sybstratpgult showd b aprsesiaiedd, that by
usi ng an adhesive-free nethod to bond the substrates together and create
the switch, thatdyusing apradbpdvs-tes mebad mﬁqaaﬂhecﬁvbﬁféat%@wgﬁwdor of the

sw tch . . . o L )
create the switch, the risk of chemical contamination to the interior of the switch

may be reduced or eliminated. Additionally, the solder 114 may be better able to

10  withstand other assembly conditions.
[0028] FIGS. 7 and 8 illustrate a second exemplary embodiment of a
switch that is hermetically sealed. The switch comprises substrates 100, 300
mated together so that portions of a number of cavities are defined between the
substrates. Each substrate 100, 300 includes a seal ring 120, 340 deposited on

15  a portion of the perimeter of the respective substrate. By way of example, seal
rings 120, 340 may be a wettable material, such as metal or metal alloys.
Substrate 300 further includes seal beits 332, 334, 336 to provide additional
surface area for switching fluid 118 to wet. Alternate embodiments may not
include seal belts 332-336.

20 [0029] The substrates 100, 300 may be soldered 114 together as
previously described. A hermetic seal may then be created by dispensing a
solder paste with epoxy flux 702 on at least one of the substrates. The solder

paste may then be heated to wet the solder 804 to the seal rings 120, 340 and



may be reduced or elimnated. Additionally, the solder 114 nmay be better
able to 10 withstand other assenbly conditions. [0028] FIGS. 7 and 8
illustrate a second exenplary enbodinment of a switch that is hernetically
seal ed. The switch conprises substrates 100, 300 mated together so that
portions of a nunber of cavities are defined between the substrates. Each
substrate 1q93m%99 I ncl udes a seal ring 120, 340 deposited on 15 a portion
of the perinmeter of the respective substrate. By way of exanple, seal
rings 120, 340 may be a wettable material, such as netal or netal alloys.

Substrat e 3@fbateithb Aermdtiosbaldnont @fibolifleh ssldet 1133ed BHbsbMbiRRY | de
additional surface area for switching fluid 118 to wet. Alternate

ermbodi nent s substratestmayi Wavk adfgHee flelting bbiAt tRathd 36lde8D4 (¥ed 9 crébe substrat es
100, 300 may be soldered 114 together as previously described. A hernetic

seal may t héhe heemeticstal vhizy midyspevesit thg salderstllddeim paltihg dwirigthepoxy fl ux 702
on at | east one of the substrates. The solder paste may then be heated to
wet the sol geati®@pdf thehermetic sedl. Epox)siiukB0? sGAdunds dt le@st EQRBMGHE tHe creat e t he
hermetic seal. In one enbodi nent, solder 114 used to assenble the

subst rat s selleriddand mdygiietectted sdldry fromi vaponsicegatady the witshirgOluidised t o
create the hernetic seal, which may prevent the solder 114 fromnelting
during the 1d8.clhshouid bg appreciated that altematexembadirosnts faynotiodudriepaxunds at

| east a portion of the 5 solder 804 and may protect the solder from vapors
created by fIWe8@itching 1 uid

[0030] FIG. 9 illustrates a first exemplary embodiment of a fluid-based
switch including a hermetic seal 930. The switch 800 comprises a first substrate

10 902 and a second substrate 904 mated together. Substrates 902, 904 may be
soldered together as described previously in this application. The switch may
then be hermetically sealed as described with reference to FIGS. 7 and 8. By
using an adhesive-free methad to assemble the substrates, the risk of chemical
contamination to the interior of the switch may be reduced or eliminated. It

15  should be appreciated that in alternate embodiments, the switch 900 may not
include the hermetic seal 930.
[0031] The substrates 902 and 904 define between them a number of
cavities 806, 908, and 910. Exposed within one or more of the cavities are a
plurality of electrodes 912, 914, 916. A switching fluid 918 (e.g., a conductive

20  liquid metal such as mercury) held within one or more of the cavities serves to
open and close at least a pair of the plurality of electrodes 912-916 in response

to forces that are applied to the switching fluid 918. An actuating fluid 920 (e.g.,



118. It should be appreciated that alternate enbodi nents nmay not include
epoxy flux 802. [0030] FIG 9 illustrates a first exenplary enbodi nent of
a fluid-based switch including a hernetic seal 930. The switch 900
conprises a first substrate 10 902 and a second substrate 904 mated

toget her. Substrates 902, 904 may be sol dered together as descri bed
previously in this application. The switch may then be hernetically seal ed
as descri bed %% 'ref erence to FIGS. 7 and 8. By using an adhesive-free
met hod to assenbl e the substrates, the risk of chemcal contamnation to

the interiorarghert & Gr\iGliig) her@witireohesHnierd obthe ehvitidssahed to Applifheshoul d be
appreciated that 1n alternate enbodi nents, the swtch 900 nmay not i nclude

the herneti dogesto tAe SwitdhihgIilild olse substrates 902 and 904 define between
them a nunber of cavities 906, 908, and 910. Exposed within one or nore of
the cavitieqoesa a i oficbmbadiméntef hetswitche3009tha foredstapdliédto the swi t chi ng
fluid 918 (e.g., a conductive 20 liquid netal such as nercury) held within
one or nor e switchingfluid918 ressit fem pesssire changes irghel actuating fid 929adthea pair of
the plurality of electrodes 912-916 in response to forces that are applied
to the swi t gitessgrefdhangesdn $he autuating fuid P2(himfpad ipressre changss to the 10030062- 1 an
inert gas or liquid) held within one or nore of the cavities serves to
apply the fawitcing flgd M andithesetiyraguse the awitching flugi8jto changedo@nbodi nent  of
the switch 900, the forces applied to the _ ) .
move, part, etc. In FIG. 9, the pressure of the actuating fluid 920 held in cavity
906 applies a force to part the switching fluid 918 as illustrated. In this state, the
rightmost pair of electrodes 914, 916 of the switch 900 aré coupled to one
10 another. If the pressure of the actuating fluid 920 held in cavity 906 is relieved,
and the pressure of the actuating fluid 920 held in cavity 910 is increased, the
switching fluid 918 can be forced to part and merge so that electrodes 914 and
916 are decoupled and electrodes 912 and 914 are coupled.
[0033) By way of example, pressure changes in the actuating fluid 920
15 may be achieved by means of heating the actuating fluid 920, 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
20 in U.S. Patent Application Serial No. 10/137,691 of Marvin Glenn Wong filed May
2, 2002 and entitled “A Piezoelectrically Actuated Liquid Metal Switch”, which is

also incorporated by reference for all that it discloses. Although the above

referenced patent and patent application disclose the movement of a switching



switching fluid 918 result from pressure changes in the actuating fluid
920. The 5 pressure changes in the actuating fluid 920 inpart pressure
changes to the switching fluid 918, and thereby cause the switching fluid
918 to change form nove, part, etc. In FIG 9, the pressure of the
actuating fluid 920 held in cavity 906 applies a force to part the

sSwi t chi ng fl%B953%8 as illustrated. In this state, the rightnost pair of

el ectrodes 5,0 16 of the switch 900 are coupled to one 10 another. If the
pressure of the actuating fluid 920 held in cavity 906 is relieved, and

t he pressur guRfbytrigans &F d@dl ipsh/puliticBiatmtfuibtalities, csinglé pudhiglli s i ncr eased,
the switching fluid 918 can be forced to part and nerge so that el ectrodes

914 and 9lGcaatngifidoplitg chign dufiteic siguifitast erblglapashdid pressureoupl ed. [ 0033]
By way of exanple, pressure changes in the actuating fluid 920 15 may be
achi eved by dheages colildibedmpartpd tbe sadtthirg fluidyfrérh such Hedyjty.oAddijonabans of
pi ezoel ectric punping. The former is described in U S. Patent #6, 323, 447 of
Kondoh et aldetailstondestng the eonstiuctidn aDdoperatiorBefeagwdtch Swiht asrthatiwhiahgr at ed
Electrical Contact Breaker Switch, and Electrical Contact Switching
Met hod", SahiigifusteatedinFéG\0 may be faundindbe afpre-rmenrtionpd patpatof fopdahhat | t
di scloses. The |latter is described 20 in U S Patent Application Serial No.
10/ 137, 691 dPOMAr vi n FiGe it illvgtratesta sasandexempary smbodiggpt & giswitted A
Pi ezoel ectri cal | ¥ Actuated Liquid Metal Switch”, which is al so
i ncor por at ed!089- g switshcl90P gpmavises arsabstiate Hi02and asecond URSTRIR t he above
referenced patent and patent application disclose the novenent of a
swi t chi ng - 909 Mmatrsisogather. Substrates 1002, 1004 may be soldered together as

previously described. Switch 1000 may then be hermetically sealed as described

10  with reference to FIGS. 7 and 8. In altemate embodiments, switch 1000 may not

include hermetic seal 930. It should be appreciated that by using an adhesive-

free method to assemble the substrates, the risk of chemical contamination to the

interior of the switch 1000 may be reduced or eliminated and the bonding

between the substrates 902, 904 may be better able to withstand other assembly

15  or operating conditions than adhesives.
[0035] The substrates 1002 and 1004 define between them a number of
cavities 1006, 1008, 1010. Exposed within one or more of the cavities are a
plurality of wettable pads 1012-1016. A switching fluid 1018 (e.g., a liquid metal
such as mercury) is wettable to the pads 1012-1016 and is held within one or

20 more of the cavities. The switching fluid 1018 serves to open and block light
paths 1022/1024, 1026/1028 through one or more of the cavities, in response to
forces that are applied to the switching fluid 1018. By way of example, the light

paths may be defined by waveguides 1022-1028 that are aligned with translucent

-10 -



fluid by neans of dual push/pull actuating fluid cavities, a single
push/pull actuating fluid cavity mght suffice if significant enough
push/ pul | pressure changes could be inparted to a switching fluid from
such a cavity. Additional details concerning the construction and
operation of a switch such as that which 5 is illustrated in FIG 9 may be
found in the -nmentioned patent of Kondoh. [0034] FIG 10 illustrates
a second exer?%ogsf enbodi mrent of a switch 1000. The switch 1000 conpri ses
a substrate 1002 and a second substrate 1004 nated together. Substrates
1002, 1004 nrmiddwe i HeCtawigo1 COBIRIdNIY théswitcRing ViLid L Biockig Dt thieligt. pativd t ch 1000
may then be hernetically sealed as described 10 with reference to FIGS. 7
and 8. | n al1022mne24 1626/00R8reay se achieved by liAldofthy switdhingi fluid 1048 her meti c seal
930. It should be appreciated that by using an adhesive- free nethod to
assenbl e t heeinglnpagus. o adtirting flsid 1020 (elgerandaért gasrdiquidpheldwithio t he
interior of the swtch 1000 nmay be reduced or elimnated and the bondi ng
bet ween t he angles morg efsheCavitied Sarvesitp applyithe focnes &bthe swiching fiid 3@1tB. ot her
assenbly 15 or operating conditions than adhesives. ‘;0035 The substrates
1002 and 500203831 i neA{dégm%ﬁewﬁewnaernmmmﬁtwqﬂawﬂ ereratmef a1008, 1010.
Exposed within one or nore of the cavities are a_plurality of wettable

pads 1012- 1(?1"@0 ?—Pcé‘vﬁstﬂé%“f’i'{fhfi? llugirategin FiG 1§ maybefound ig thiet al  such as
Tor e ol t ho SvTeisged paEnGIRERS IR oF1 AR o et aprUEstbB.ST MENIBRNEnd bl ock
response o1 i’eioﬁﬁuﬁ@ﬁ%&‘ééﬁﬂ e raoted ombriiems o §8 1016, By vy of
exanpl e, t helm)ein%}lt have been described in detail herein, it is to be understood that the
10  inventive concepts may be otherwise variously embodied and employed, and that
the appended claims are intended to be construed to include such variations,

except as limited by the prior art.
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pat hs may be defined by wavegui des 1022-1028 that are aligned with
translucent -10 10030062-1 wi ndows in the cavity 1008 hol ding the sw tching
fluid. Blocking of the Iight paths 1022/1024, 1026/ 1028 may be achi eved by
virtue of the switching fluid 1018 being opaque. An actuating fluid 1020
(e.g., an Inert gas or liquid) held wthin one or nore of the cavities
serves to aHBAaXoetz-qe forces to the switching fluid 1018. 5 [0036] Additional
details concerning the construction and operation of a swtch such as that
which is illustrated in FIG 10 may be found in the aforenentioned patent
of Kondoh at al., and patent application of Marvin Wong. [0037] Wile
illustrative and presently preferred enbodi nents of the invention have
been described in detail herein, itCLAIM® be understood that the 10
inventive concepts may be otherw se variously enbodi ed and enpl oyed, and
that the appestieclaigiedisis are i ntended to be construed to Include such
vari ations, excePt as limted by the prior art. -11 10030062-1 CLAI M5 What
is clained ils:Amethad gemAdsNGonpri sing: 5 depositing a first alignnment pad
on a first substrate; depositing a second alignrrent pad on a second
substrat & depositing a first alignment pad on a first substrate;
depositing a second alignment pad on a second substrate;
depositing solder on at least one of the first alignment pad and the second
alignment pad;
depositing a switching fiuid on the first substrate; and
10 mating the first substrate to the second substrate by aligning the first and
second alignment pads and heating the solder, the first substrate and the second
substrate defining therebetween a cavity holding the switching fluid, the cavity
being sized to allow movement of the switching fluid between first and second

states.

2. The method of claim 1, further comprising, after mating, hermetically sealing

the first substrate to the second substrate.

3. The method of claim 2, wherein hermetically sealing comprises:
dispensing a solder paste with epoxy flux on at least one of the first and
second substrates; and

heating the solder paste.
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depositing solder on at |east one of the first alignnment pad and the second
al i gnnent pad; depositing a switching fluid on the first substrate; and 10
mating the first substrate to the second substrate by aligning the first
and second alignnment pads and heating the solder, the first substrate and
t he second substrate defining therebetween a cavity holding the sw tching
fluid, the cavit being sized to all ow novenent. of the switching fluid

bet ween fird93%8'second states. 2. The nethod of claim1, further
conprising, after mating, hermetically sealing the first substrate to the

second subsyl ghe method bUh Blalfe 8 \akrélh tHel saidat Ras ahigherinmeltiey panititieal thy  seal i ng
conprises: dispensing a solder paste with epoxy flux on at |east one of the

first and sgegerphsteubstrates; and heating the sol der paste. -12 10030062-1
4. The method of claim3, wherein the solder has a higher-nelting point
than the sol der paste. 5. The nethod of claim11, further conprising: before
mating, depositing a first seal ring on at |least a portion of the

peri met er of. {The nfethagitof slatns 4, further somprikingssi ti ng a second seal ring on at

| east a portion of the perinmeter of the second substrate; and
before mating, depositing a first seal ring on at least a portion of the

perimeter of the first substrate and depositing a second seal ring on at least a
portion of the perimeter of the second substrate; and

5 after mating, soldering the first seal ring to the second seal ring.

6. The method of claim 1, further comprising before mating, smoothing a surface
of the first substrate that is to be mated to the second substrate, and smoothing a

surface of the second substrate that is to be mated to the first substrate.

7. The method of claim 6, wherein smoothing the first substrate and smoothing
the second substrate comprises one of lapping, polishing, and chemical

mechanical polishing.

8. The method of claim 1, further comprising before depositing the second
alignment pad, anodically bonding a first layer of the second substrate to a

second layer of the second substrate.
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5 after mating, soldering the first seal ring to the second seal ring. 6.
The nmethod of claiml, further conprising before mating, snoothing a
surface of the first substrate that is to be nmated to the second
substrate, and snoothing a surface of the second substrate that is to be
mated to the first substrate. 7. The nethod of claim6, wherein snoothing
the first sq&ghsgge and _snoot hing the second substrate conprises one of

| appi ng, polishing, and chem cal nechanical polishing. 8. The method of
claim1l1, further conprising before depositing the second alignnent pad,

anodi cal |y lgortemgetiod dficiim I1ﬁMﬂnerQBmgm§wmade§osmmgrtm9eobﬁda second | ayer
of the second substrate. -13 10030062-1 9. The nethod of claim 1, further

conpri sing latigroment gagh dudién tghdinga fidst Cayechof tisd segbnesibsiratd, to hsecamd bondi ng a
first layer of the second substrate to a second |ayer of the second
substrat e. Ildyerdfithe setohddulsstratel ai m 9, wherein the first and second | ayers
conprise glass. 11. The nethod of claim 1, wherein the first substrate
conprises ceramc. 12. A switch conprising: first and second mated
substrates, each substrate including at |east one alignnment t he

al i gnment pdds TEemeEodPf clatmePryeerein fg first aed segopd @E’Gr?&mpgﬁﬂ)@f’?sat es defining
t herebetween at | east portions of a nunber of cavities; 5 a plurality of

el ectrodes exposed within one or nore of the cavities;

11. The method of claim 1, wherein the first substrate comprises ceramic.

12. A switch comprising:

first and second mated substrates, eac;h substrate including at least one
alignment pad, the alignment pads soldered together, the first and second
substrates defining therebetween at least portions of a number of cavities;

5 a plurality of electrodes exposed within one or more of the cavities;

a switching fluid, held within one or more of the cavities, that serves 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, held within one or more of the cavities, that applies the

10  forces to said switching fluid.

13. The switch of claim 12, whersin the first substrate and the second substrate

are hermetically sealed.
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a swtching fluid, held wthin one or nore of the cavities, that serves to
open and close at least a pair of the plurality of el ectrodes in response
to forces that are applied to the switching fluid; and an actuating fluid,
held within one or nore of the cavities, that applies the 10 forces to
said switching fluid. 13. The switch of claim 12, wherein the first
substrate a%& 50@%9_1second substrate are hernetically sealed. -14 10030062-1
14. The swi TR claim 12, further conprising a first seal ring deposited
on at least a portion of the perineter of the first substrate, a second

seal ring depomietsivitch efcigiin 12casthercopprising 8 fint séd eingdepositéceon atf t he second
substrate, and solder joining 5 the seal rings. 15. The switch of claim 14,
further comwasta pati@pahtye périmeterof thalfinstisnlostrate, b sasindseploingidepositedt he sol der.
16. The switch of claim 12, wherein the second substrate conprises a first
| ayer and aosetleast alpeytion,of tHecpefimeter ofthel second substrates ard selderiieBingy bonded
together. 17. The switch of claim 12, wherein the second substrate

conpri se$§ atifeisestringsyer and a second layer, the first and second |ayers
fused together. 18. A switch conprising: first and second mated substrates,
each substrate including at |east one alignnment pad, the alignnent pads

sol dered toqgtBEL switch ot clair 14, kher csmbrising epoxy flux surounding at least a

portion of the solider.

16. The switch of claim 12, wherein the second substrate comprises a first layer

and a second layer, the first and second layers anodically bonded together.

17. The switch of claim 12, wherein the second substrate comprises a first layer

and a second layer, the first and second layers fused together.

18. A switch comprising:
first and second mated substrates, each substrate including at least one
alignment pad, the alignment pads soldered together, the first and second
substrates defining therebetween at least portions of a number of cavities;
5 a plurality of wettable pads exposed within one or more of the cavities;
a switching fluid, wettable to said pads and held within one or more of the
cavities, that serves to open and block light paths through one or more of the

cavities In response to forces that are applied to the switching fluid; and
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substrates defining therebetween at |east portions of a nunber of cavities;
5 a plurality of wettable pads exposed within one or nore of the cavities;
a switching fluid, wettable to said pads and held within one or nore of the
cavities, that serves to open and bl ock Iight paths through one or nore of
the cavities In response to forces that are applied to the switching-
fluid; and -%&0}1‘&930062-1 an actuating fluid, held within one or nore of
the cavities, at applies the 10 forces to said switching fluid. 19. The
switch of claim 18, wherein the first substrate and the second substrate
are herneti cal | yasaétugtihg fid@d, hdibh @ithinohe br radre ) therdatlifies, that Bpglies tlwsrpri si ng a
first seal ring deposited on at |east a portion of the perinmeter of the
first sub&t rfatces toesaibswotetingdaid. ri ng deposited on at |east a portion of the
perimeter of the second substrate, and solder joining the seal rings. 21.
The switch of claim 20, further conprising epoxy flux surrounding at | east
a portion of the solder. 22. The switch of claim 18, wherein the second
substrat e cotforiheswiteh efidaim 18aykarein the fistssbyrte andtbe se¢and supsteate and second

| ayers anodical |y bonded together. 23. The switch of claim 18, wherein the
second subst¥#ahemelsgllyisealeda first |ayer and a second layer, the first and
second | ayers fused together.

20. The switch of claim 18, further comprising a first seal ring deposited on at
least a portion of the perimeter of the first substrate, a second seal ring deposited
on at least a portion of the perimeter of the second substrate, and solder joining

the seal rings.

21. The switch of claim 20, further comprising epoxy flux surrounding at least a

portion of fhe solder.

22. The switch of claim 18, wherein the second substrate comprises a first layer

and a second layer, the first and second layers anodically bonded together.

23. The switch of claim 18, wherein the second substrate comprises a first layer

and a second layer, the first and second layers fused together.

-16 -



