10020484-1 Agilent Technol ogies, Inc. Marvin Wng GETTERI NG AGENT AND
METHOD TO PREVENT CORRCSION IN A FLU D SWTCH 5 Background of the

I nvention Liquid netal mcro switches (LI MVB) have been nmade t hat use a
liquid metal, such as nercury, galliumbearing alloys or other |iquid
metal conposites, 10 as the switching fluid. The liquid netal may nake,

break or gl ectrical —contaplSrecdfiogibaifige the state ofvdnewswmg tch, a
force is ég%%4%d to the svvltchAﬁ1 fel‘:urfao[:}I whi ch causes it to change form

and nove. Liquid netal sw tches rely on the cleanness of the |iquid netal
for good performance. If the liquid netal fornms oxide filnms or other types
of corrosion product buildup within the switch, the 15 proper functioning

or perfOr”&Eﬁﬁ'EﬁINGhRGENTtRNDfMETHeW'BG@REVEMTOORIBOS@N INA FEWHRp| e, t he
oxide filmor other corrosion produsWwsTCHY i ncrease the surface tension of
the ligquid netal, which nmay increase the energy required for the switch to

change state over time. Fil BacRiroutidief thedneértion corrosi on product 20 may
i ncrease the tendency for the Tiquid netal to wet to the substrate between
switch contacts, thereby increasing undesirable short circuits in the
switching operation. Build up of oxide and other corrosion product may

al so degrade t fﬂﬁ;u»cﬁmétéltm&& shitends QuiMMS Eiae Beenwende dhatheses @i ligelid
contacts, and thereby may increase '

metal, such as mercury, gallium-bearing alloys or other fiquid metal composites,

10 as the switching fluid. The liquid metal may make, break or latch electrical

contacts. To change the state of the switch, a force is applied to the switching

fluid, which causes it to change form and move. Liquid metal switches rely on

the cleanness of the liquid metal for good performance. If the liquid metal forms

oxide films or other types of corrosion product buildup within the switch, the

15  proper functioning or performance of the switch may degrade or be inhibited.

For example, the oxide film or other corrosion products may increase the
surface tension of the liquid metal, which may increase the energy required for
the switch to change state over time. Films of oxide and other corrosion product

20 may increase the tendency for the liquid metal to wet to the substrate between
switch contacts, thereby increasing undesirable short circuits in the switching
operation. Build up of oxide and other corrosion product may also degrade the
ability of the liquid metal to wet to the switch contacts, and thereby may increase
the probability of undesirable open circuits in the switching operation.
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the probability of undesirable open circuits in the switching operation. 25
1 10020484-1 Agil ent Technol ogies, Inc. Marvin Wng The build up of oxide
and ot her corrosion products within the liquid netal switch my. also
alter the effective surface tension of the liquid nmetal with itself,
causing the liquid netal to becone stringy when nmoved or stretched and

thereby decreasing the tendency of_ the u id netal to br nIy
bet ween s¥f%e4848 contacts and ﬁ%‘?%‘ﬁﬁh&ﬂ’%}es Nsi ng short ci I‘CUI ts%g

increasing the energy requirenent for the switch to change state. These

| ssues are espggl gl P 8?%%(%@:}%00&19( coVSSPERdL BB Iwilie tHRNiRIC Rk smal |,

as the actuato SI Ze an I'S proportionally decreased and the 10

surface t gnsl on {ofces,befo ;%f'fee&ﬁ%é”‘guﬁféeytehé‘lbﬂ%ftﬂ_@h i Snétagiupassicul ar |y

for svvitﬁ‘ﬁ y-changes in internal pressure, but also

for switches; Ewtetlﬁqglr %tjgoaﬁgc%{ﬁ&stﬂﬁ@g%hg\ﬁ‘%v blor sBefdRSd T tReleBynave

liquid mebafsing, T P5I'OR  product s as practical | y possi bl e

d f dwitich
'f ree of c%%rrg"e%‘la&‘ B Jhliiot el R fouje "Fal, B SRk BeBtl SRFSRNIMACR © “cuch
as the t t t . | . . i
motal hot ortap] aniceseRfifly " Fadhis CS@?Qut'@Q'%?ﬁdft Resifl MeTPne®T, | o e

and ot her .
requirement for the switch to change state.

These issues are especially problematic for switches that are physically

small, as the actuator size and strength is proportionally decreased and the

10 surface tension forces become relatively large. This is true particularly for
switches that are actuated by changes in internal pressure, but also for switches

that are actuated in other ways. It is desirable to have liquid metal that is as free

of corrosion products as practically possible in order to minimize these effects.
Keeping other surfaces within a switch free of corrosion products is also

15 important for good functioning, such as the switch contacts and metallic sealing

surfaces to which the liquid metal wets.

It is desirable to have liquid metal that is as free of oxide and other

corrosion products as practically possible in order to minimize the

20 abovementioned negative effects. There is a need for a method to decrease or
eliminate the build up of oxide or other corrosion products in liquid metal

switches.



corrosion products as practically possible in order to mnimze the 20
abovenenti oned negative effects. There is a need for a nethod to decrease
or elimnate the build up of oxide or other corrosion products in |liquid
metal switches. 2 10020484-1 Agilent Technol ogies, Inc. Sunmary of the

I nventi on Marvin Wng I n one enbodi nent, a nethod for reducing oxides and
other corrosion 5 products on a switching fluid is discloged met hod
i ncl udes H9BYSAi ng a switchi r@"?qtﬁ%mz??'eg' "% rst substrat e@g&l}"ﬂg\/ |Srst
substrate is mated to a second substrate, the first substrate and the
second substrate defining therebetween a cavity holding the sw tching
fluid. The cavity is sized to allow novenent of the switching fluid
between first and second Staé@rﬁg @;gﬂﬁeem’vggﬁagent is deposited in 10 the
cavity and may prevent oxid ucts from form ng by
reacting with free oxygen, water vapor, and other corrosive gases in the
cavity. 3 10020484-1 Agilent Technologies, Inc. Brief Description of the
Drawi ngs Marvin Vong A& ApL&CaMRLALE BPREASHY bRBedlankihbthet BYABSILAN, and

many of the
5 products on a switching fluid is disclosed. The method includes depositing a
switching fluid on a first substrate. The first substrate is mated to a second
substrate, the first substrate and the second substrate defining therebetween a
cavity holding the switching fluid. The cavity is sizgd to allow movement of the
switching fluid between first and second states. A gettering agent is deposited in
10 the cavity and may prevent oxide and corrosion products from forming by

reacting with free oxygen, water vapor, and other corrosive gases in the cavity.



attendant advantages thereof, will be readily apparent as the sanme becones
5 better understood by reference to the follow ng detail ed description when
considered in conjunction with the acconpanyi ng drawi ngs in which like
reference synbols indicate the same or simlar conponents, wherein: FIG 1
illustrates a pI an view of a first exenplary enbodi ment of a fluid 10 based
switch; FILG illustrates an %ﬁeva% on of %\he swi tch sho Wk \ﬁIG 1, FIG
3 |IIustré9cg§48an exenpl ary met AT PYRESS S used to prodice the%s
fluid-based switch of FIGS. 1 and 2; (actually the steps should be to (305)

deposit the gettering agerﬁnefﬁ’é’s@npﬁ@ﬁ%’?'tﬁe%\Fv&l{gsng fluid on first
substrate, and (315) nat 4 illustrates a
perspective view of an exenplary enbodi ment of a 20 switch i ncluding an

oxide or corrosion inhibitor in a fluid based switch; and FIG 5
illustrates a perspkohoreecamplateofipprroiation o tkispinvenyioandodimanyt ofolh€a switch

bbb a7l i HininaBL RBIOR WINDHERy | dhorddt deliasale icofies |

10020484- nol ogi es, scription Marvin Wng
FIGS. 1 abdtter iundetstec dya réﬂemr‘@ebaséble sfailowing sdethileds descripfigd. whgs swi t ch

5 100 i ncl ggsqaer%ds‘m LR idh Yivih CAY' b¥cdAfanyhd drbwihs 2 Wit dikk! vi d

cavities I ' ,
reference symbols indicate the same or similar components, wherein:

FIG. 1 illustrates a plan view of a first exemplary embodiment of a fluid-

10 based switch:
FIG. 2 illustrates an elevation of the switch shown in FIG. 1;

FIG. 3 illustrates an exemplary method that may be used to produce the
15 fluid-based switch of FIGS. 1 and 2; (actually the steps should be to (305)
deposit the gettering agent, (310) deposit switching fluid on first substrate, and

(315) mate substrates together.

FIG. 4 illustrates a perspective view of an exemplary embodiment of a

20  switch including an oxide or corrosion inhibitor in a fluid based switch; and

FIG. 5 illustrates a perspective view of another exemplary embodiment of

a switch including an oxide or corrosion inhibitor in a fluid based switch.



106, and a pair of cavities 108, 110 that connect correspondi ng ones of the
actuating fluid cavities 102, 106 to the switching fluid cavity 104. It is
envi sioned that nore or fewer channels may be forned in the switch. For
exanple, the pair of actuating fluid cavities 102, 106 and pair of
connecting cavities 108, 110 may 10 be replaced by a single actuating
fluid cavity and single connecting cavity. As illustrated By Flf3.,3, the
switch 10Gooreaesbe produced by 8980t Tadpeidiasi'Ay a gettering agent 192 in the
cavity holding the switching fluid 118. The gettering agent 122 may be a
chem cal gettering agent selected to prevent 15 corrosion products from
formng within the cavity by reacting with free oxygen, water vapor and

ot her corrosive gases. For exapple, ié ”r]ietil inqui d netal switching fluid
118 is nercury, it is possibl eDetal i num gettering agent packed
inside the cavity, so that the alumnumw || react with the corrosive gases

to form nonvolatile alum numsalts, such as oxides or fluorides. O her
gettering agents 20 are anticipated, such esj I fHelscim The
al um num may bEIG8epesd 2diusiets %ﬂ“'&%@%‘ﬁ;é‘?’@@ﬂj%g%%ngbe eated after
assenbly to increase the reactionr W th the ' Hfsesoand do a
bet t er 5 ol 06findledes al $witahina: frad rcai'@t)%ﬁﬁlpi’"ﬁ ialcgu%t%ég@]dvng? ogi es, Inc.

Marvin Wng effects on the swi tches performange. T IR0 ageNt 122
may be heat0&d andea ipaifi Qfapa\y'ﬂQ‘fMQ%nﬂqgmﬁﬁqu&m r?%begﬁg'g@é iet{)dr?lgtg% enhance t he

gettering action. Aswitching fluid 118 is deposite 1 . ality of
contacts Idhsalihg fluid cavities 102, 106 to the switching f|u1d0 cawtydl 0%. qt g%n‘i‘nsﬂ;n‘goa

that more or fewer channels may be formed in the switch. For example, the pair
of actuating fluid cavities 102, 106 and pair of connecting cavities 108, 110 may

10 be replaced by a single actuating fiuid cavity and single connecting cavity.

As illustrated by FIG. 3, the switch 100 may be produced by 305

depositing a gettering agent 122 in the cavity holding the switching fluid 118.

The gettering agent 122 may be a chemical gettering agent selected to prevent

15 corrosion products from forming within the cavity by reacting with free oxygen,
water vapor and other corrosive gases. For example, if the liquid metal switching

fluid 118 is mercury, it is possible to use an aluminum gettering agent packed
inside the cavity, so that the aluminum will react with the corrosive gases to form
nonvolatile aluminum salts, such as oxides or fluorides. Other gettering agents

20 are anticipated, such as, magnesium or titanium. The aluminum may be
deposited 305 on a heater 120 so it can be heated after assembly to increase the

reaction rate with the corrosive gases and do a better job of neutralizing their



5 o0on a first substrate 103. In one enbodinment, the switching fluid may be a
liquid nmetal, such as nercury or alloys that contain gallium As wll be
described in further detail below, the switching fluid 118 nay be used to
make and break contact between the contacts 112, 114, 116. In an alternate
enbodi nent, the switching fluid may be deposited on a plurality of

wet t abl e pads and nmay be used 10 to open and bl ock |ight paths. Although
the switchod2b4edstrated i n Fl G Adientiethndegies Weee contacts, MEVENYUI9 be
appreciated that alternate enbodi nents may have a different nunber of

contacts. The cavity is,sized to allow nmo n ] ' fluid 118
bet ween f PFEEtS é’ﬁ‘\étlh?g%’lﬂmeétzpﬂ@@aﬁ@' Nﬁb? ,g\éﬁ%}:"né ﬁgé?tt Eg?bgfa\ya%%% ¢ swmat ed
315 to a second substrate 101, so that,. j t | di . i tchi fluid
115 1o aepeheticalReeR RS DT g batiian o8 Bhinee i SRBSud el he MO TV

acconpl i shed by any known neans, such as |am nation using adhesives or

wafer to wafer bonding using the Ziptronics 20 assenbly nethod. It will be
appreci ated that these steps may be done in a different order, .far
exanpl e, the sfiswiching fuid,i138 injepesited 0\l 228 m%@&&eot??@tacé%ﬁggﬂi@g agent .

There are also different nethods of mpnufacturing.a swi.tch that. re al so
EgW(}?ﬁ éﬂ%@l es, Inc.

cont enpl aPB@ fitpt FHbstrate 103 ny Breneembedinghb s aw WA MaeRsA

Mar vi n Wbng . _ _ ' )
metal, such as mercury or alloys that contain gallium. As will be described in

further detail below, the switching fluid 118 may be used to make and break
contact between the contacts 112, 114, 116. In an alternate embodiment, the
switching fluid may be deposited on a plurality of wettable pads and may be used
10  to open and block lighi paths. Although the switch illustrated in FIG. 1 includes
three contacts, it should be appreciated that alternate embodiments may have a
different number of contacts. The cavity is sized to allow movement of the

switching fluid 118 between first and second states.

15
Next, the first substrate 103 is mated 315 to a second substrate 101 so
that a cavity holding the switching fluid 118 is defined between the two
substrates. The mating step may be accomplished by any known means, such
as lamination using adhesives or wafer to wafer bonding using the Ziptronics
20 assembly method. It will be appreciated that these steps may be done in a
different order, for example, the switching fluid may be deposited before the
gettering agent. There are also different methods of manufacturing a switch that

are also contemplaied within this ‘nvention.



The functioning of a switch according to one enbodi nent can be expl ai ned
with reference to FIG 4. The switch 400 conprises a first substrate 402
and a second substrate 404 nated together. The substrates 402 and 404 5
define between them a nunber of cavities 406, 408, and 410. Exposed wthin
one or nore of the cavities are a plurality of electrodes 412, 414, 416. A
switching fl ui d 418 (e ive id metal such cury) hel d
within on8®8*%bre of the caV|Atgie€§Fe§'é'}p{?g'§s f& open and cl ozéwg%?régast a
pair of the plurality of electrodes 412-416 in response to forces that are
applied to the swwtching fluid 10 418. An actuating fluid 420 (e.g., an
inert gas or liquid) held within one or nore of the cavities serves to

apply the forcgggt NoRé EeBBb@HHeRedarofbd he
switch 400, thgﬁ o@c@gggggn ?ﬁ% {égm{:ll] ?%&@&lthg H€|?JI d 418 resault from

pressure %P? ﬂs}%wgh.tr&%réﬁwatmégctf st 4Jd‘€orﬂbﬁ§e°é15‘?lrs]t5§d5§ﬁla&es in the

actuating inpart pressure changes to the switching fluid 418,

and there C I t tc.
T O MZAEE deBtnd Ubd é;qg%{h%??ﬁ%@*ﬁ. TSR 0P U deRf [ o1 ©

Ut o, St ngefhe BepkdBiem = furifyr d tellies 4 408 Ee 0 BEOREWIID are”
coupl ed ! Qang: %?&h&rthe' Ealilts 22 07 G opkue;cns%@scwét 419, Ghy! dx120 hel d

in cavity 6 1s relieved e press e actuating fluid 420
held in c eas ed to
part and ?rsé\’r'ttapémé %t¢1§1é2§écﬁar g%ggkn%4@n%ﬁ%i%%g%%gec%rggﬁgg%ﬁj ‘];vgﬁﬁ'ﬁ ectrodes
412 and 41Ar'1eaorremc§:r8ud? the cavities serves to open and close at least a pair of the plurality

of electrodes 412-416 in response to forces that are applied to the switching fluid

10  418. An actuating fluid 420 (e.g., an inert gas or liquid) held within one or more

of the cavities serves to apply the forces to the switching fluid 418.

In one embodiment of the switch 400, the forces applied to the switching

fluid 418 result from pressure changes in the actuating fluid 420. The pressure

15 changes in the actuating fluid 420 impart pressure changes to the switching fluid
418, and thereby cause the switching fluid 418 to change form, move, part, etc.

In FIG. 4, the pressure of the actuating fiuid 420 held in cavity 406 applies a force

to part the switching fluid 418 as illustrated. In this state, the rightmost pair of
electrodes 414, 416 of the switch 400 are coupled to one another. I[f the

20 pressure of the actuating fluid 420 held in cavity 406 is relieved, and the pressure
of the actuating fluid 420 held in cavity 410 is increased, the switching flug 4° =

can be forced to part and merge so that electrodes 414 and 416 are decoupled

and electrodes 412 and 414 are coupled.



7 10020484-1 Agilent Technol ogies, Inc. Marvin Whng By way of exanple,
pressure changes in the actuating fluid 420 may be achi eved by neans of
heating the actuating fluid 420, or by means of piezoelectric punping. The
former is described in U S Patent #6, 323,447 of 5 Kondoh et al. entitled
"Electrical Contact Breaker Switch, Integrated Electrical Contact Breaker
Switch, and El ectrical Contact Swi tching Method", which is hereby

i ncor por atextokss-1 ef er ence for ailentTeainolpgieslinscl oses. The | MandrWerg
described in U S. Patent Application Serial No. 10/137,691 of Marvin d enn
wng filed May 2, 2002 and entitled "A Piezoelectrically Actuated Liquid
Metal Switch", which is 10 also incorporated by reference for all that it

di scl oses. Al though the above referenced patent .and t.en i,cation

di scl ose the nBye¥anef %*anaplgmmeéﬁi”ﬁgc%af‘ﬂﬁ?a‘ ﬁ%&ﬂ@"gﬁ“"éu‘{%oa’g‘ggﬁepull
actuating fluid cavities, a single push/pull _act lﬂghl n | uid cavify m ght
suffice i Bchieyed by dReans Sfighegiingh g actuAtiegs fivid ar@e Y cO&PBS b8 i npart ed
to a switching fluid fromsuch a cavity. Addjti 02§I 15 9%%‘ hs44c}onf:erni ng
the const pifgeRleatrigneUORIEg at T fish fermes is WesenbesthUsy PRigNt &Ri%@R 441 s°
illTustrated in FIG 4 may be found in the afore-nmentjoned pa%ent. of Kondoh.
Swi t ch5406ondeh esrali ectitede Elomtcat (Goniad gaiakern SWIER. infParaed BIeFYIgalos. The

gettering agent 422 may conprise al um num or nagnesium or titanium and may

20 be dep&sintasti BreakerhSwmiteh, anefeactricateCortprh §wagaing Methaday WRIND ISHr event

hereby incorporated by reference for all that it discloses. The latter is described
in U.S. Patent Application Serial No. 10/137,691 of Marvin Glenn Wong filed May
2, 2002 and entitled “A Piezoelectrically Actuated Liquid Metal Switch®, which is
10 also incorporated by reference for all that it discloses. Although the above
referenced patent and patent application disclose the movement of a switching
fluid by means of dual push/pull actuating fluid cavities, a single push/pull
actuating fluid cavity might sufﬁge if significant enough push/pull pressure
changes could be imparted to a switching fluid from such a cavity. Additional
15 details concerning the construction and operation of a switch such as that which

is illustrated in FIG. 4 may be found in the afore-mentioned patent of Kondoh.

Switch 400 further includes gettering agent 422 within the cavity 408. The

gettering agent 422 may comprise aluminum or magnesium, or titanium and may

20 be deposited on a heater element. Gettering agent 422 may help prevent
corrosion products rom forming in the cavity 408 by reacting with free oxygen,

water vapor and other corrosive gases to form nonvolatile aluminum oxide,



corrosion products from formng in the cavity 408 by reacting with free
oxygen, water vapor and other corrosive gases to formnonvolatile alum num
oxi de, 8 10020484-1 Agilent Technol ogies, Inc. Marvin Wng magnesi um oxi de,
titani um di oxi de, or salts of alum num nmagnesium titanium and the.
corrosive gases, e.g. alum numchloride fromalum numand chlorine. A
second exerrBI ar%/ embodi nent of the fun o;ﬁqonl ng of a switch I\?00 5 now
be descri bRAPEH reference to A5RE TEMORRES L t ch 500 conprites strate
502 and a second substrate 504 mated together. The substrates 502 and 504
define betﬁﬁ@ﬁﬁks‘iﬁ?ﬁ%@d@‘l@ﬁum%?ﬁéé“éﬁ %s%?aalurﬁﬂﬁm éhnesipeSRaniu thin one

or more of the cavities are a plurality of ‘wettabl e pads 512-516. A

SW t chi ngl%'ldgtg gf“r@sn(@ ses, %4 c?‘ﬂymhﬂHﬁeéh?dnd@f% aamiiRirk ahd khiopinget t abl e to

t he pads s he in one or nore of the cavities. The
switching fluid 518 serves to open and bl ock light paths 522/524, 526/528
t hrough one or nore of the cavities, in response to forces that are

ﬁﬁpé‘e??néﬁ Lge %oﬁ%%%en@é%*vd fé%@%‘ﬁf‘*‘?ﬁ@"g’?@‘a G aifch, SO pARL S ™

i i 0 h I f.th

E:Vighg a!t nﬁfh@%f/ géliér % %gg Eﬁgglg%el?(gcﬁwet/sgdl J\l‘/'wr:"?uséj% o? &lﬁhﬂgeso atf:h?ng
518 A ;

[ aqurdy hecreORer i i asReRd §iiR, éb%gﬁa.t?ozgo e, uBbyneftes 15 o'

and 504 define between them a number of cavities 506, 508, 510. Exposed

WOH% ub

within one or more of the cavities are a plurality of wettable pads 512-516. A
switching fluid 518 (e.g., a liquid metal such as mercury) is wettable to the pads
10 512-516 and is held within one or more of the cavities. The switching fluid 518
serves to open and block light péths 522/524, 526/528 through one or more of

the cavities, in response to forces that are applied to the switching fluid 518.

By way of example, the Iight paths may be defined by waveguides 522-

15 528 that are aligned with translucent windows in the cavity 508 holding the
switching fluid. Blocking of the light paths 522/524, 526/528 may be achieved by
virtue of the switching fluid 518 béing opaque. An actuating fluid 520 (e.g., an

inert gas or liquid) held within one or more of the cavities serves to apply the

forces to the switching fluid 518.

Switch 500 may additionally include gettering agent 522 deposited in
cavity 508. Gettering agent 522 may be deposited on a heater to enable the

gettering agent 522 to react with free oxygeh, water vapor and other corrosive



forces to the switching fluid 518. 20 Switch 500 may additionally include
gettering agent 522 deposited in cavity 508. Gettering agent 522 may be
deposited on a heater to enable the gettering agent 522 to react with free
oxygen, water vapor and other corrosive 9 10020484-1 Agil ent Technol ogi es,
Inc. Marvin Whng gases to form nonvol atil e al um num oxi de, nmagnesi um oxi de,
titani um di oxide, or salts of alum num magnesium titaniumand the
corrosi ve '§e9é8-1 e. g. al um numAgtEh! Treh@iegiey. &% al um num and MHYBYVPAR. The
gettering agent 522 should be situated in the cavity 508 or on the heaters

in 506 and 510 t terf 5 with.the 522/ 524
I526/ 528a(r)]rga§ﬁ% %S '@%%rﬁ?fa'ah'% &ilﬂaﬁﬁhﬁgéﬁaefm%ﬂ@bes'%ﬁ&fﬁ oﬂ‘é‘f’R’(ﬁ‘ip \dé 8gncer ni ng
t he constr uFti P and operatiaqn o such .a

i |1 ustrat &G “@'"@"nﬁ&?gﬂﬁs'?@uhﬁnlw ?Héh'?ﬁ 8‘?%?1%‘(1%%5?1 a%%%{n 6! Kondoh

E? eilelni |h yncgrdp@srm Fiots SUp he | A8 tSHNO iRt @éng'ié%@t‘{’%gdap X
etai|l heregin,

d od.t hat nt b
ot her w o6 SVHREBULIRF A0S dRuMe Rty P At Biioss nelRdTERER one
getteri ng a etﬂcta hg‘ﬁtypaqtﬁf gﬂlgff 5% /5C£|8fofre ee Q\Ewtcl:h?r?gact)* t%eﬁlqmd fnucf.' the

Additional details concerning the construction and operation of a switch
such as that which is illustrated in FIG. 5 may be found in the aforementioned
patent of Kondoh et al., and patent application of Marvin Wong.

10

While illustrative and presently preferred embodiments of the invention
have been described in detail herein, it is to be understood that the inventive
concepts may be otherwise variously embodied and employed. For example,
more than one gettering agent may deposited at different locations within the

15  cavity or cavities of the fluid switch. The appended claims are intended to be

construed to include such variations, except as limited by the prior art.

10



15 cavity or cavities of the fluid switch. The appended clains are intended
to be construed to include such variations, except as limted by the prior
art. 10 10020484-1 Agilent Technologies, Inc. Marvin Whng CLAIMS What is
claimed is: 1. A nethod, conprising: 2 depositing a switching fluid with a
surface area on a first substrate; depositing a gettering agent on the

first substrate; and 4 mating the first subsirate to a secpadinswdagtrate,
the first16a08erlate and the sé@ﬁ?faje%rﬂ?)'%%'ersalﬁé defining therebetween a

cavity holding the switching fluid, the 6 cavity being sized to allow

moverment of the switching fluid betyegmgirst and second states. 2 2. The
nmet hod of claim 1, wherein the gett®erirng agent conprises a heater. 3. The

nmet hod of claimyd, %erei n the switching fluid conprises nmercury. 4. The
met hod of V¥3li$if'8@M&hErein the gettering agent conprises al umi num 2

magnesiumor titanium 5. The switch of claim1, wherein the swtchis a

liquid nmetal swtch. 6. The switch of claiml1l, wherein the switching fluid

Compri Ses 1mep( lecjert.r}/dd, %:clJmprising:

2 depositing a switching fluid with a surface area on a first substrate;

depositing a gettering agent on the first substrate; and

4 mating the first substrate to a second substrate, the first substrate and the
second substrate defining therebetween a cavity holding the switching fluid, the

6 cavity being sized to allow movement of the switching fluid between first and

second states.
2 The method of claim 1, wherein the gettering agent comprises a heater.
3. The method of claim 1, wherein the switching fluid comprises mercury.

4. The method of claim 3, wherein the gettering agent comprises aluminum,

2 magnesium or titanium.
5 The switch of claim 1, wherein the switch is a liquid metal switch.

6. The switch of claim 1, wherein the switching fluid comprises mercury.

11



10020484-1 Agil ent Technol ogies, Inc. Marvin Wng 7. The switch of claim§6,
wherein the gettering agent conprises alum num 2 magnesium or .titanium
8. The switch of claim7, wherein the gettering agent conprises a heater.
9. Aswitch conprising: 2 first and second mated substrates defining

t herebetween at |east portions of a nunber of cavities; 4 a plurality of
el ectrodes exposed wthin one or nore of the cavities; a switching fluid,
hel d wi t hilP028484 % st one of t he Agiepi tecnslogiehiE. serves to op®EVIrVed cl ose
at least a pair of the plurality of electrodes in response to forces that

are applied to the switching fluid; a_gettering.agent.expos i thin one
or nore of- t%m? swieh ioés‘fla'ﬁh%ad”(rl?é?'hng’ef Q%Fet'j',ngh%? tvx‘l%t"?ﬁrf'?egn u%?nu\r%)‘re of the
cavities, that applies.the 10 forces to said switching fluid. 10. The

swi t ch2of nmﬂeﬁﬁugfow'#ewerfh the gettering agent may be activated with a 2
heater. 11. The switch of claim9, wherein the switching fluid conprises
mercury. 2 12. The switch of claim 11, wherein the gettering agent

conprises 2 aluninu magnesi u r titanium X
P 8. The switch orinclaimglr,]w?'nererlr% 81e gette?ing agent comprises a heater.

9. A switch comprising:
2 first and secqnd mated substrates defining therebetween at least portions
of a number of cavities;
4 a plurality of electrodes exposed within one or more of the cavities;
a switching fluid, held within a first one of the cavities, that serves to open
6 and close at least a pair of the plurality 6f electrodes in response to forces that
are applied to the switching fluid;
8 a gettering agent exposed within one or mare of the cavities;

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

10  forces to said switching fluid.

10. The switch of claim 9, wherein the gettering agent may be activated with a

2  heater.
11. The switch of claim 9, wherein the switching fluid comprises mercury.

12. The switch of claim 11, wherein the gettering agent comprises

3]

aluminum, magnesium or titanium.

12



12 10020484-1 Agilent Technologies, Inc. Marvin Wing 13. A switch
conprising: 2 first and second nated substrates defining therebetween at
| east portions of a nunber of cavities; 4 a plurality of wettable pads
exposed within one or nore of the cavities; a switching fluid, wettable to
said pads and held wthin one or nore of the 6 cavities, that serves to
open and bl ock |ight paths through one or nore of the cavities in response
to forces 10028484ak e applied to PAENSHFICRIRY''FI uid; 8 a get t @iy Hhyent
deposited within one or nore of the cavities; and an actuating fluid, held
that applies the 10 forces to said

W t hin ong oy or of the cavities,
swi t chi ng Bt & Wi %4(."0'3‘?{@3'% tch according to claim13, wherein a heater

ti th teri 2 .15 . Th it i i 14,
Sher o B the swlBLARRGareTH Bt selale ol fiorBEfRih e dorir O

E'Ot claim %?g n‘ﬁ@nenre?io cévrft?eSQEtteri ng agent conprises 2 alum num nagnesi um or
itani um '

4 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
6 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;
8 a gettering agent deposited within one or more of the cavities; _and

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

10 forces to said switching fluid.

14. The switch according to claim 13, wherein a heater activates the gettering

2 agent.

15. The switch according to claim 14, wherein the switching fluid comprises

2 mercury.

16. The switch according to claim 15, wherein the gettering agent comprises

2 aluminum, magnesium or titanium.
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