; €3e>: 1 <F<xJ>6>T>T_> LI QUID METAL M CRO- RELAY W TH SUSPENDED HEATERS AND
MULTI LAYER W RI NG BACKGROUND TECHNI CAL FIELD 5 The present invention

relates to an electrical mcro-relay depg) m me specifically to a
liquid netal micro-relay device. BACKGMNM\“ ‘“mﬂ re are many different
types of %o@l&fﬁoi.:‘?&}zm%zﬂ-ﬁr o-relay devices) ange@ne popular type 10 is the
reed mcro-relay, Ich is a small, nechanical contact type of electrical
mcro-relay device. Areed mcro-relay has two reeds nade of a magnetic

alloy sealed in an inert gas inside a glass vessel surrounded by an
el ectromagnetic dri veri@uin MEAMIMICROGRELAY WITHfSUSFENDED the coil, the

tips of the reeds are blased to break C device is switched
of f. When current is flowwmgﬁﬁﬁﬁﬁ%wgghgﬁq he reeds attract

each other to nmake 15 contact and the device is switched on. The reed

mcro-relay has problens related to large size and rel ative 'Immmmw‘mmlrl ce
SW T Chi

life. As to the first problem theg{Se6R pﬂg)only require a
| arge vol une, but al so do not per?oémwe? uring high frequency ng

due to thejgomifarafiy § ect romagnetic response. As to the secondpfobl em
the flexi ﬁ’; o@hﬁe reeds due to biasing and attraction 20 causes nechani cal
fatigus, whi chgaprelafhviMioRt@RKLQUN RfeckidR MiBRISIafiEBE: SulRRGciiealy | n the
past) the reeds were tipped with contacts conposed of rhodium tungsten, or
wer e pl at dd akiqeid metad niererelay dayicd- f or conductivity and el ectrical arcing

resi stance when naki ng and breaki ng contact between the reeds. However,

t hese contacts would fail over tinme. This problemw th the contacts has
been i nproved with one type of reed mcro-relay 25 called a "wet" relay. In
a wet rel BYCBOROYINRIARLt al ) such as nercury) is used to make the contact.
This sol ves t hehie aR! RERyQhifr&oN kel oiéé&db{aﬁﬁﬁcw&la?bﬁvi%@m&dﬁb% dI&RGHRNI cal

fatigue of the reeds renai ned unsolved. In an effort to solveé these

pr obl e]rﬁ)s_, ‘%@(ﬂ?‘i"q E’éﬂr‘_"Fﬁl%}’r Shich|igg smaly @@aﬁa@éowﬁm%@e&ﬂ migro-fl¥e use

of the |i qighide. "Rl Rbd ficrd-rQ PRGN REINREE b1 xﬁagﬁétge-am& Ya1&] RGN iAEle §as30

w thout the use of reeds. I'n the liquid netal devices, the |liquid netal

acts as t Hesigonielass vessgphgupepndeg by anoedentromagnetie grivercqoiln gWihee cusgnt i 8eto- r el ay

el ectrode ; eXk Ge. J ' IOl | at ed
S10MHTlin ok %§§/ b 3 éi@h&s‘%@ﬁes 1%‘1% g;??(uc%ogﬁw Ahd TR dVick § s%%ﬁéd

bet ween the two mcro-rel ectro non- conduct or en the
devi ce i s offni Wake qumene is fipwing|inithe enl theottpsunftthe rdeds aftracireatt gther tphmaker i ty

ni trog@n Qbn@LinG maued %i@@ﬁﬁctﬁ@% 5 Wth regard to the size problem the

l'i qui meta11 Jew ces afford a reduction in the size of an electrical

m cro-rel ay delheecedimicto-relerdias problems trelatedta laegs. siza) and relatinesly shortodervidee

i quid mehgl ARt BRORM, SR for dufyTAA bRl fa?%' rhd, bife arsf1 | 1 QU1
metal devices are generally manutactur y joini ngyto ether two substrates
wi th a heawotpeformpwelhaluring dighefzaquerey syalshing ldue daithedx sizmdnd eloctsmprgnetice t he

l'iquid 10 |t i .0 Preyi b wer e
inliner eglg%{)@sf's ‘%attg B@??\% oﬁllog%@’ %Fqicklglgsog lghset {e%e@ggé%%xég%?agé%%%

subst r28t esausthmechafisdlfatigoe, widchecanleadtd reakagesofshcledsaftel extendedusar t z) and

gal | i um ar seni de i t he heater. terial was.deposited and et ched.
dnce onty t ool BE kA, eisfeh WAF: (R i B REl TomiBts OF AR ARG Y

consi st ofwessiplatedewithi rhodipm $h goldelion comtuctivitycdad oflectrioal arcmgviesistangei whenhat
such wiri Q]Qakﬂﬁ; hi a 1,511 i J ion
resi stance, a }nﬁ%%éakﬁg?@%{itﬁ?\ﬁ%@%ﬁ%e}éfgﬁtﬁg&ég\gfgLﬁ«{\%%gﬂt?@cgﬁ?l?;’% Ii]gg‘li;c;rpended
heat er s hdime. Hehimprdblom| wihethe contaatshasrbdendintpronted withedne typet of reedcmicfa-glayat i on

0 Whigh LRGeS, SRS LS, PAGA HRIE kTR af Mook uis@ R RS Her Ounded

contact. This solves the problem of contact failure, but the problem of mechanical fatigue of

the reeds remained unsolved.
In an effort to solve these problems, electrical micro-relay devices have been
proposed that make use of the liquid metal in a channel between two micro-relay electrodes

30 without the use of reeds. In the liquid metal devices, the liquid metal acts as the contact



all the way around by the gas. Generally, the suspended heaters are nmade by
pl acing a heater material in a patterned 20 shape on a sacrificial |ayer.
The sacrificial layer is then etched away from under the heater material so
that the heater material is suspended in space. The advantages of suspended
heaters ar hat s heating efficiency is high and alnost all of the
heat t hat ]lgoscgégonelb%mgaby the heater is used to heat the gas because the
surface area of the heater face that contacts the gas is large and the

support areas are small. As a result, the transfer of heat _to the support
25 st r uct usoangekingtheitwe micro-retpspelpqtodes whea thedenise ‘sfS&PtCWaE‘P%W%EmS‘aP

suspended Eﬁééﬂted PetivReP HRCEvd REcrélRMyCEledRIE bitla MAd Sofiicbhdiior SkHeRtheit € and

then to etc he silicon substrate by anisotropi¢c etching to undercut the
heat er nmt@evicalis switcBedhOFB| dife Finidnonsopdpictar jis &*‘éﬁfajc Ylh@b@ﬁ“g’ itrogeRi O OHIET | ay

i s that 'tsu'cl'§1n@hf£§CU|t to form30 nmultiple layer substrates with nmultiple
| ayers of wring. On the other hand, ceramic materials can be forned to
provi ded nul ti plWith segandgo the sige Pr@{;naﬂulﬁuldfm daviessraffororisdirtion frethesited be

used. Cont z{n SLeRthl PHES gq((ijéegge gﬁd%gﬁgggmt | Aigo, théASse o-ml'leshcﬁg(? mts a

| ow connec i'on resistance equency 2 Docket
10020259- chihlaaf@)atse}qmgstseoecellﬂnﬁnﬁhlgimr@hwnyt he formati on of a suspended

heat andy t t t
e formed on ¢ MiCeiapEIBATHRILS BE hEHR} ofundfitn® by'ioER' RpLPRRDL TUS
on t he sursfubgmtesfwitthe heatercdnibetwserb &t heat the gas. éﬂlnsgadexmbdsetoa@pmtg theoliquiche heat
gener aj e ol BopBE Al lode%s HIARS PRLIMyE BEALN weft bl SHESK! AEnSPef Al

t he gas hea |ng I crency ONELEER
difficult dm oﬁblheasmbstrml hétvwm ttltdmgsuhstrateewme\sﬂ:mat&){vaﬁemﬁnmtémlst duels es

Cliggest oa Gy SoFhaEAR IR At onotit o HEE SAERL s P4 0 g

el uded t hoﬂmcesdmly listkopin dtchﬁl@cduld qudSWRE e@ﬁerHEzohN\tEﬁﬂihtCN sunfacepr esent
i nvention row s a.mcrq-rel evice i.ncl udi fluid nan- conductor. A
rst subsVridbe T8 aRist nte o thotaieliRg L it fhoh didha pnee Bigh ERHHAS! 1 &
definetb i mhatacdcﬁsiis;s mgh&oﬁﬁcctiheresislbweraﬂ%or thmixalmﬁr ioittwgad metal in the
channel . El ectrodes a | ong, t he ch nn el

i nt er connect abl OIBVCP'HS' F‘FS Bdﬁ‘?é’feégh ﬁ“’"(?dg S“(ﬁ% ‘FfL afeﬁ¥ec§?f§t°of 15
t he subst rza&@ﬁgaadommntzmmme heing |elékﬂinl@@fblﬁi§mﬂh&i @rthat/ihé’y&ﬁh ®E sGrddimiédnt e

i ncl udes a ended g er elenent in flurd comuni cation with the open

via. The ‘é getfo ¢&ement is operable to cause the fluid
non- conduct or taznaemﬁm&t@sﬁeh@ed tieqwsc&xmw by pTxumgru' Keater hfalerid] idQ\pattémér OVi des

id hi rtanenbd nts of t he
e T o f st AT o b SRR B pye . e Sighec e oL O B HEHGrs
ment i oned xaham so et thed Hewdr anR&ialMid Suspdded i gRpar tmé aﬂ\mea E5S6E ﬁlkpdnhﬁﬂ in

the art froma re of thef IIovmn det |Ied cr| I on when taken
M bt G A e B9 i hontie icignod in figh s almgs w%mwga@r
DRAW NGS  FiyGhe Beate? isuse@td Reit the wé Bdcaiie teCbulfice ME00f (e Rdafer F2L Wht kontacts

accordance with an
the gas is large and the support areas are small. As a result, the transfer of heat to the support

25  structure is minimized.

The preferred method for manufacturing a suspended heater is to place the heater
material on a silicon substrate and then to etch the silicon substrate by anisotropic etching to
undercut the heater material.

The problem with using silicon through out a micro-relay is that it is difficult to form

30 multiple layer substrates with multiple layers of wiring.

On the other hand, ceramic materials can be formed to provide multiple layers of

wiring and surface wiring does not have to be used. Contact electrodes can be formed with

connecting vias. This permits a low connection resistance and favorable high frequency



25 enbodi nent of the present invention; FIG 2 is a cross-section of the
structure of FIG 1 taken along line 2--2; FIG 3Ais a cross-section of
the structure of FIG 2 taken along line 3A--3A; FIG 3B is a cross-section
of the structure of FIG 3A taken along line 3B--3B; FIG 3Cis a

cr oss-sect,’bog% 18& 1bPesebructure of FIG 3A taken along line 3G-3C 3

Docket No.: b 20259-2 FIG 4 is a bottomview of a |iquid netal
mcro-relay in accordance with a further enbodi ment of the present
invention; FIG 5 is_a_ cross-section, of the st ture of FIG aken al ong
1o . - 5. chpmplerigics S UGG 7 PEIon e GFLASCESIF o b eRmE Slhshrt:

accor danc eprgblédatit 2l kb the huitértiimeat @14 66 formed othe siteacp bFhe béramivwabstraen; and
FIG 7 is a cross-section of the structure of FIG 6 taken_al on%itgee 7--7.

DETAI LED DEétherrepionforpedrpikthe intaqs obfieRerumis fubgratfo  coRsiqerabls porti

therein arga.shnuRed Byotht KA 8 WaRdferfed difteilf 1Tk alibsitate's8-that! thy gdsOktadiyl @
cross-section of the’structure of FIG 1 taken along line 2-2° both 1n 10
accor dahc ectiiFiensy secreasppanbpantially As acsyiteis isitficaly inebtaim rapichawviichingiagloavet al
m cro-rel g%wggo i ncludes a bottom substrate 102 havi ng heater substrates
104 and 106 bonded to its bottom surface by sealing resins 110 and 112,
respectively. Prltigusto;thrse problems haygbegn dongspughts bup grigr dexelppinenst havemohe

resin or agy pgméggesiémanyvmmnpmiuqﬁ, utRhs td hade ﬂ@ﬂ&npﬁﬁ\)@eﬁaﬂ% thgedreat er
substrates 104 and 106 and the bottom 15 substrate 102. The bottom

substrat e those skilediptbeditin turn to a top substrate 108. The term
"horizontal" as used in herein is defined as a plane parallel to the major
surface of a substrate, regardless of its orientation. Terns, such as

"top",,. botton) "above") " T . . er" are defined with
respec{O to the horizontal pﬁm\g%ﬂ%ﬂ%#%ﬁma te 102 has a plurality
of bondi ng padghd presénd irde@ionlpidvides al rhigro2@lap devicdlinblading @fluad ndhiddohaetorf or
connection, of electrical wires . to the outside wor|d The di n ads 121
Chrough 5ok oy Sesiret abd s bl S £ pended oeein ch conptgs GRS BRatlERE, 5 131
t h[) ough 13dheioh tharsdbstraies, wld 365 ﬂﬁqdi@&ﬁ:ta; pethé ')blainhea. Elﬁb&?({bb ate'padedtalcngthe
substrate 102. The via canductors 3 34), an 35 formt cont act

ol ot r odesTtie! inigeler SiehRironte-pl by et e A% e ia seBpEHBoROh 31
througlts 138c adbirddd® b cohtains te AuidrviLiohdictorRAHeh@Rt SubStbidindRded SuSpRBEd OF

al um num and via conductors 131, 132, and 136 through 138 may al so _be of a

i qui d_netheptesselprentdiw dyidgommugication, with Hie pper vian| The susperred detercalerentiéyi ce
type vial gbrabld d0Sdusdthe Fidiatrdh Bl duior fo sttt Me TRNidheRA. ﬁﬁ)ﬁiemeﬁy ddi& bottom

substrate 102 further has via conductors 141 through 144) which” al so extend
at | east [PAPYidesiranyd swifchingiat lomepasist inrsmallipackogd-e 102. Further) the bottom

substrate 102 3@riiasmBodidiesits of the RBntiondavelctlterdiBPhntages inAddifién & @?an plhcd he
heat er_-substrates 104 and 106, which extend through the bottom substrate

d t
102. 40 [of¢hase megtioned ghoxso Sldie adyantageriwil besome apnssant inthesekilled im thegt 5y
conduct or SfrokPh fehdiRg' YR dd Follolify AAMMACIREripHoR WIRANGRLDS with Sreiétedcs @ @Ct O S

131 and 141, the conductor 162 connects the via
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a bottom view of a liquid metal micro-relay in accordance with an
25 embodiment of the present invention;
FIG. 2 is a cross-section of the structure of FIG. 1 taken along line 2--2;
FIG. 3A is a cross-section of the structure of FIG. 2 taken along line 3A--3A;
FIG. 3B is a cross-section of the structure of FIG. 3A taken along line 3B--3B;
FIG. 3C is a cross-section of the structure of FIG. 3A taken along line 3C--3C;



conductors 132 and 142) the conductor 163 connects the via conductors 136
and 143) and the conductor 164 connects the via conductors 137 and 144. 5
The top substrate 108 contains a main channel 170 connected by subchannel s
171 and 172 to the respective open vias 1 S 1 and 1 S2 above the heater
substrate%mégé?aﬂgmﬁgﬁz The mai n channel 170 contains a liquid netal, such
as nercury Yy separated into two parts) liquid metal 180A and l|iquid
nmetal 180B by a fluid non-conductor 182, such as high purity nitrogen or
ot her such inert gas. The subchannels, 171 and 172 are defined,as.being
aral | er 10 1 hafiG o fabRoEn HANAI 1S BEE BT R sttt S o Bheio;
enter the eabbdilRMuTltis phesdntaivbnfic)y but so that the fluid non-conductor 182

will. The subc els 171 and 172 may al fornmed i.n fhe bottom
substrate 102.p’ﬁgr‘%ﬁﬁﬁssﬁe‘éﬂ%‘%%,s%@ﬁ%@gﬁﬁeﬂﬁﬁi%@'ie in any
position that PpRY.Gi§ & bbtiIAE N OF a NGHiE Hetd mi@6-rdlaydia abdopdinedwith & sl fikther
transm ssion through the liquid netal mcro-relay 100. 1 S The ground pl ane

185 may béembadimeat of die presentiinveniom@wd or under the bottom substrate 102. It
may be above t L 3 r P} anes nmay be
posi ti oned abogg}'mygg’%at ne&ﬁrr%isg{l% Pg’%ﬁgﬁ% #ﬁ%ﬁ’é‘ggﬁgﬂ% pl ane for
purposes of illustration only is shown positioned in the bottom substrate
102 under the main channel 170. The ground plane 185 is connected by the
via conductor 138 to tRETAIbEDMESCRIPTIZN OF THEINMENTIQNnow to FI GS. 3A
through 3C, it may be seen that the heater substrates 104 and 106 have
suspended heat Beferringmemt ® EIG4. hard 2 Q(kerein agpshotvin\adhoftom| view o€ adigbiddnetent , a

polysilicaon filmwth t hi ckness .aof 100nm b sed as.t spended
heat o ef SRk Sy rpls"ee o B SRR o g (ke alpiune -3 HRER”

mﬁt er:ml Steifdanse Witldd embbodinne 'n@bﬂhepmencinwamﬁn.as thF Iheati ng elherrent. I n
this latter c Jt. 1S necessar coat t net a aye ith 25 a
material, e. ga‘?ﬁ% ihfl‘i"gdﬂetaxméo'w%sﬁ B’Bﬁ‘df*ﬁ ??905%‘," SL"h%?EaYedi%%MhﬁYﬂ‘g ?‘Eﬁ?ft with
t he vapor sabswrhtbe 104 Gand d106ebéided Qo dwObgitofi km€dce AyNicalihg hesinve e10 bh® 132spended
heater el ement. gnd. fhe l.iqui.d petal. Jhe heater gybstrates 104 and.106 have
Feapect | vERRTRIRY, 7bd Saliekeyts B Ay iy BE Arele™ R (i aneonaya,

el enents 2hichapravidd 2n hirdght tbbrd betabar the hbaér abstrated 104 andl 106 and tHei tottomder cut
can be_manuf act by accur at el ontroll.ed ani sotropic chi ng) which 30
allomgsf oP‘%@Eﬁﬂéﬁ%ﬁ?&sP a‘i?%i()?h"‘ °9‘?ﬁddﬁﬂmb?°attﬂ%s tEl‘?‘%l(ﬁif}on-conduct or 182
surroundi ng t hehes iR ChoieAntaPadsaise® it ha¢lh Ss d€tined sl adfldhe phhflebtoSthe Milgst heat er
el enents 20 an??)ZOZ are further, spaced away fromthe bottom substrate 102

and or i enfWECHP! PHudstraieiregeedless of fpongntation n [ oiueh asy JoRSx choppmf i “abpvsy t he
via 5 Dogdi®l", Nover”, 48020der9aré defiitd WathQbspeck 453thd Rbrizbfichi pidtd. Ch extend from

the bottom substrate 102 to segarate the heater substrate 104 fromthe

bot t om subst r al® esem sybstraie 10% has g iplurality ©f boeding padsel? 1 Hbroyeh A2pAdE by t he

seal i ng T @5idin hbdzonld shitidehRk BRREIHGE bY efobiFiBal t WifesV0! B FouRidet WErid.! U
non- conductor 182 all around the suspended heater elenents 201 and 202, the

bot t om suBetding pads 331 fhyoyghol28 psey cloctyipally qordyctive anepnastpdXogrinrndieionhe open
vial 151 agfmicw ! ?miéatdae eRERARDAL 1ea§':vp%|man9 E}n%ﬂéﬂ%éj&cftﬁ)ﬁxrs‘ﬁmﬁarﬁ:lﬂ@? TRt ¢@ My be

manuf act ured ou ifferent materials Such as silicon) glass, ceramc, or

conbi nat i 6PRstustRB, ISd¢ 1347138d 33T o3 the lsentack ielectrosdes dor the diquid megalgpisrasielaypl e of

a fini sheqoonue! Jif¥6HdustbfsUGH UhRugh T38TBILHASE stiddafll SMBRiéAhBerifY sudifascer am ¢
and glass, unfired materi al s, 10 or "raw'_ ceram cs and

'9s 2285 ° conperpr dumiatn, pd HaicondHsicrs 14 a0l 138 dhreush 138 Bry Alse be of a

liquid metal since they are totally enclosed. Also, semiconductor device type vias of

-

tungsten, tantalum, or titanium may also be formed.
The bottom substrate 102 further has via conductors 141 through 144, which also
extend at least partially through the bottom substrate 102. Further, the bottom substrate 102

30  has a pair of open vias 151 and 152 in the area of the heater substrates 104 and 106, which
extend through the bottom substrate 102,



machi ned and then fired. These materials have been used because of their
mechani cal integrity and ability to be incorporated with electrical
circuitry. In sonme cases, they were used because of high tenperature
resi stance, good high frequency signal characteristics, or good therma
coefficien?m:&ggp%&kgga 15 The nultilayer ceram c manufacturing process
consists o ormng a slurry of ceram c and gl ass powders conbined with
t her nopl astic organi c binders and high pressure solvents. The slurry is
doctor-bl aded onto a earner, After volatilizatiqgn of the high vapor

pressure sol verfimbedded ins sy Bottom Supsirate 102 precgonducters Sk thequghi 164 o Jke | s

formed. Theonnden61Qboaibc: thopie caRMEHA! 131 aRd 345 Uk éontieidr T6R@bskietts theah it is

| aser operation ma used to, formvia

sel f supporting. 20 A mechanical or b

hol es, ¢ ha?ﬂvév%rs rlg?ce@s@) the consorig 1 cPpRactitbesVip FOREoR 18 And 14 H‘i‘dc‘L? ape.

G een cer agdnaudtsr 163 @6nrakts bl via RalntorP €8A4NAq44t 1S softer than fired ceramc
and thus easier to process by normal manufacturing tools for high vol une

manuf ac¥ uri ng. Thetopsuhstate)08doniging amaimaliangel b0 enpeateddhy spbeharnels 17dand
otherw se {py *e%@sﬁeﬁgﬂ‘ﬁ%l Gid 742 zﬁm@@lﬁﬁ 'hea?érrgfpbﬁfabé)lgﬁ ! fod)" gp€Sses

such as grinding a . afion are easily perforne ‘the green
ceramni ¢ t apeintahadnst A7 bentaies & ligwid dnetal ssuch/as moreuryt (Hdssepirated sgo twidlparts, on can

b d for ; e . ) ; N _
| ows 11 i beEl A knHi 6 TR P2 08 A Lordiiok 362 M i3l dipiey 1!
printing teirhganquether suchlirerugasd The subghrandelar 7t emdilit ave defined @ heing smallee 30

green r agi i e:4n0. f. 8. i t ) fsibl e, net al
past e (o M ety <ParbC1 oo T idef ob 8 cHASE syrkneliire i

st r uct ur es17Z4ue se thapthel fisidaronsbndocton 1 85 will. | The shbehasreiniydtand 172 amy alsabee t o
be | ow and;perm t, i.npedan hi ng for high frequency signal

transm ssi%oﬁpﬂglnth%rg%g Su ?&&)8'020259-2 A nunber of green ceram c tapes
are placed on tdgroodd plasehl 851 wiich Brogtiaral, gwey de imanypokitipd that geyeitsimpelace Vi as

ext endi ng r [ re..l rs.can b r.oui ded. Wi th inserts
Cranom ¢ ocRaFRHEordRE, fepBROLs e BafniBibe sBet iy g @ HSRTIRRop ¢ ape
t o t heldot Thengrowapleplane 13henayrbe@n tieatop sabstrite HOS oraunder the hottomrpubssse 4022 rld

fired. Dur]j €. _CQIpPressi on e t hermopl ast i onponent . q. ol yvi nyl

bt yr al ) virk et g BB b 126 Br biFloRhR ARhf pRRRRRT Y a ot aBEt o

t he Igr een amdybelosy tgﬂdxama:h‘ wenﬁm dhe ﬁouﬁ&ﬂa%@ﬁ%¢@%§ﬁﬁllﬁdh@?ﬂdmﬂhﬁ spowd er n of

metal paste..ln i tion to, bindj e indivjdu reen layers intqQ a

coher ent g?oégwmfcg‘ﬁi R tog’tstuﬁﬁaffrdf@,a%f’heé tlFea’H?‘ﬂéi{“?“B gﬁe&ﬁ? %Hx‘g% #ISH%S t he

10 densi t yconhectdddbyqlicda condattonts t6 the Wohdifigpaaridst hus t he shrinkage during

firing damdcthe d%r};ensio‘rzl I ceyl tc fcthggpfired | am ahe structur The

or een TS nat | ST SHEAY BTG4 HrgushACoutfus b eep AL heastistbsinien 104,

T eSUl T o Ol atE Lt Lo OE L B T aant o canEtnente. ahd el oL ng of Che
sults i Y i zati [ S i

coherent g% H‘cf"éﬁﬁhﬂa‘fl 8 ‘E@Fﬁr‘g %Oﬁf‘ c&“ﬁ’ﬁdﬁ&?%ﬁ'ﬁ Syspeq ;}WF Fellﬁ\{“glfthe sanme

time, the Howkvél & iselsa/pofieid B hisd emettNlafPeradl aCh@6lidlisGél Asyplamm]RidkalNoeal |y

connect ed ¢onductors) el ectrodesé{ and pads. By way of exanple) the .
i nat | orFHBTRE o REEs cieTpRs & tisdaifs CEEol inieot UL & R B P Wi 500
psi t 22, ODMatBkdl, OF), dilidnGxRIBr siAEOnHkkiBe, Thdt H6dsWoEreddt YithiBe VApbt sTIhERduide
performed at an eliavated tenperature of approximately 75C.. 20 I n operation,
by ref er elfBg2k {§ a¥pig dirgst CW%NSWF%@"' é“seﬂ}df"gh?ateéélr"%‘ét and thedighid Agfalads 121
?Rd ﬁ22i t he Beltiﬁel l{b@teﬁ'sﬂﬁt&ﬁtbs Zﬁlﬂang uﬁd@ve%espts%dveahﬁe}tagam; ra&:ll ggse. \ﬂg&; ﬁbove
e heater substrate o expand and moyv rou e via an e
subchannel SeRaFate the suspeaded heater é&'ﬂ?‘ﬂs ?\‘g‘t apd 2?5(5‘3&“’( 'ge g%%{rsa?%ra%ﬁ 40 and- it er
portion j ortid Rfdeféuk tah R Mbsifacthré® bl acdBRBy RALSIAPMIStOPR QEHIRMI GEliME
connection between the bondi ng pad 123 and t he bonding pad 124, and 25
cl osesSt herllowh fRfapsuraic sxshiatien phthe pelume of therflnid aoisandugiordl 82 surraiding be

bondi ng pagspkr@ad HeRBVEMm&Iy2013RPLYA. NG a current across the bondi ng pads 126
and 127 heats the heati| ng el ement 202 of FIG 2 and causes _the Iipgui d netal

180B to be sepdPafisBendgd peatsselements 201 ard 202ast Sarther sPpcsd awpy fromghe bejtorhe

posi tion shbstatel 102RinG. oritntefR®Y Sirdtiusidnd) 6fthe O/id-tdaductdys, ishexemplifiédSbys theWia a
structure of FIG 2 along line 3A--3A. 30 The heater substrate 104 is shown
wi th the suspended heater el enment 201 positioned above it. It may be seen

t hat the suspended heater elenent 201 hllas a plurality of openings 301-1

t hrough 301- N.



7 Docket No.: 10020259-2 Referring nowto FIG 3B, therein is shown the
structure of FIG 3A taken along the line 3B--3B. The heater substrate 104
has t he suspended heater el ement 201 positioned above it and the heater
substrate 104 has the undercut 204 so that the suspended heater el enent 201
i's suspendg?bk‘i’tﬂonsga%_ﬁ Referring nowto FIG 3C, therein is shown the
structure of FIG 3A taken along line 3C-3C. The cross-section shows the
openi ngs 301-1 through 301-N which would permt free flow of gases around

t he suspended heater el enent 201. Referri now.t o Fl 4 and t herein
are shown $PDEBRIeTS A3 pad14h which exteng ?‘r‘?ﬁ‘c the ?’g‘lﬂﬁ? 6‘!%1“5952%“"8%“&% néaft
Cross- sect iberfé 1040 RomitheBdttohesubltrad (02, 4THedlégrer substrge 106ne tentheldoiatphace n 10

accordance wi.ith a further. enhodi nent, of th resent .invention. . The Liquid
metal mi crBY thesealingatsin He L ’HG‘E‘?%M‘ ‘gg g?lﬁ?‘é 0516’2?}’1‘5{;'?"&@“%%0&&&(1

subst r at esaift fbuitife 40Peitied Uelert denidnts 209 And 207, Wb ddOmSRIBLARO1 0268 pitvidéd 0 and
412, respectivel é.mghe sealing resins 410 and_412 may be a Teflon(err) type

resin o aWithgdig 3nh2QSearquad therapen WeniYrand 42t rat es 404 and 406 and the
bot t om substr atyg élfeoéﬁse;mﬁvéﬁ%ﬁ,%g &H&éﬁtrsﬁgsgraéﬁ fray Be ﬁﬁntﬁ?fflﬁi@&i ohtbfldiifdient © @

top substrate 40 e bottomsubstrate 402 has’a plurality of bonding pads
421 t hr ougmagdls syehias silisen, telass, eenainico ar egmbinatipesctherpefy The batem isuhstrate 102

el ectrical i"!iflb.e§itdﬁe?ek'eﬁnﬂé‘%ﬁﬁiﬁsh\é@'éu"nay-gpﬁru@ﬁpé.ﬁ ng pads 421 through 427 are

electrical?y conductive and connected t'o via conductors 431 through 437 in
and ext endi ng dn maspfactuping substrates qul ob caamiciaad iglass, aplirsd meatarialsel.g0’Breemhe vi a

20 congyct gr Sraﬁ'aet)era%ﬁéls’ aﬂ'?ﬁsé?% {rﬁ g:?%:‘é&@& %tm%le %lﬁﬁ?%éﬁglgetsp ShichOitk d

metal mcro-relay 400. Fur ottom substrate open vies 451
and 452 unohachinedecandethere firash b Thesat reaterindst havedbedd Giseth Hecapsenofv theis miésBariendl 454

under a i Bgﬂﬂe . ; V| 4 r onnec t the

bott om bgﬁq éﬁgﬁ C an%gﬁ;ggﬁgﬁa&?ﬁ%d o‘g@?]elglééfﬁgg?lgﬁdﬁhgo %Faésg%glﬁeg’e‘g 8d at

t he bott omuded becassehofhizipin (dmpéraure Tasistancd) ghadhhigh fréqdency signal ehadctadsticd) @r 25

bott om by i 47 nd the subchannel 472 is covered at the
TR B A0S

bot t om by ng plug is structure is easily achievabl e through
t he usts of a cerflemuuitilaydr cedamicanammifaccing pocass corsistsraf erchimgoslery diherdando

substrate 3 j ' nn 70 connect.ed by.the subchannels 471
and 472 ¢ o HaNEEbALS SRl ol BRRRCRAACSAE RELE Y bR BrSHRE SEMERN: i s
a liquid ntieadlurBs doctdr-bimledronto ur garfidrig ) Aftes evolatiizatidn iofi the higlo vyt tpsessure qui d
nmet al 480ASo ndtSIi l%i d rgﬁg{al 480B.. In FIG 5,.it nay. be seen that the heater
subst r at es CAAS A0G TR HOW 0T, S9UF A §7958 SFAinic.ipRs 15 fpunedy 1 The, gyean pramic
respect i vetaye gehbrally hastsefficinbigidiat @s it delbagpdling.have respective undercuts
the 8 20 Docket ‘NEReRSBRAS YS! oINS BRY Bt BEA {5 RIS thaat: SESERCL | vel y
The suspenatbat shreetties irelhe geseh serafiiic taped Gfden adramicys idRerat eapant esme ftriom t he
504 and_ SOBUBH RN SG; Bl Atk P EesBR LS o Y P! BySRRAECioc At ey o 436
and 437) twoleapmsaifaeniring. heat er substrate 406) which is then held in place

by the Seal g oot YA col Qul i ElucR! S5 e ShESi T MR Ghot 1

25 ceramic tape. Similarly, other processes such as grinding and laser ablation are easily

performed on the green ceramic tape to form channels or ducts. Various types of laser

ablation can be used for patterning, such excimer lasing and YAG lasing. Using a laser
allows fine structures to be formed but require more time.

Thick-film printing techniques can be used to lay down conductor material on the

30  green ceramic tape in the form of a fusible metal paste. The fusible metal paste can also fill

the vias and channels or ducts to form conductor structures. These conductor structures allow

the connection resistance to be low and permit impedance matching for high frequency signal

transmission.



suspended heater elements 501 and 502, the bottom substrate 402 is provided
wth reliefs 506 and 508. The heater substrates 404 and 406 are
respectively disposed in cavities 510 and 512 in the top substrate 408.
Since the top substrate 408 is bonded to the bottom substrate 402 by an 10
airtight sgalendNB8RGLI Ng resins 410 and 412 do not necessarily have to be
airtight. In operation, by reference to FIG 4, by applying a current
across the bonding pads 421 and 422, the suspended heating el ement 501 of
FIG 5 is heated cayusi t he gas. above the heater su r . pand
and move t hr ough PR rv‘?r}gagrﬁe‘o“lcegﬂﬂcg sfffb@ﬁ‘éeﬁnoe t%R'l‘i etlgg} 8@%3@0%@" ?‘lj 3‘%3. d

met al  480Amtlipls ¢gyarsa Openwiahexendingttiroughooreioo mojedayersican\be iprovided withguseds net al
15 480B. This o s .t he conduct.ive.connection .between the bopdin ad 423
and the botﬁafaﬂﬂ'agﬁ‘ﬁ l‘ﬂ‘ﬁﬁ‘tw&&gmﬁ Qy8h §nspRo 8@8%@%“@’5&%@?7 gﬂh%g?t\%éren t he
bondi ng pagped24 and t he bondi ng pad 425. Conversely, applying a current
across the %ondi ng pads 426 and 427 heats the ugpended heating el enent 502
of FIGY2 and ﬂﬁgﬁn?ﬁ@qcitﬂﬂﬁ@eﬁ@!‘ﬂmﬂ@wwg‘é separated to 20 return the

liquid nmetal nimsRg iRl @npfldfod, thd MermdpRitid Rhpsh@aMe.d. poviayl ButyReHwdthin Ng now
to FIG. 6 and 7, therein are shown a bottomview of a |liquid netal
m cro- r el e g5en laners Hows andresults in mptugkadhesion.of thegrepn daysys apd eonfgrmatio Af 51 ong

line 7-7, (a@hReh Ryds 6QLAPIRE Battrd bF hetdlipattt. Inlidliieh tBTRAAE (e idiwdual PRedr esent
i nvention. The li ggl d netal m cro-relay 60Q includes a bottom sybstrate 602
and a t op QYRS {IHQ Pecopsrel greenamipge, supiure, e dapiaton ppqsation) ‘gﬁé‘?“’é\"ﬁa théycl udes

a | owero | ageasityo6P A \gieel 1BMALR sthidhied laAd QRusOle Mnieik e OB dfEng QAnd tthe t OP
surface by sealing resins 610 and 612) respectively. The Seali n(gbr esins 610

and 612 nedimprsionaliasepigey ef thy firgd)laminatg strughure n The,getn Jagination sheuld haveom

substrate @%ﬂ&x@ﬁﬁdﬁ%%ﬁt&iﬂ&eﬁtﬁ!@ﬁi&@é@ﬁﬂ@%ﬁﬁ ' the top substrate 608.
The bottom substrate 602 has a plurality of bonding pads 621 t hrough 627 on

its 30 bottom Subigiclemparpare,Brieg Af theagreers lrminaty ssyis o7 valatlization of itha| |y
conduct i veorgdit SoripRRGiEshd! S o ARARERASeréeR TarhiphRY o 162 dntbd ASHLifYE endi ng

at least partial Ity through the "bottom substrate 602. The via conductors
633) 6H4) wrnic At the sametine sherfusible smetabpaste fuges intp an ¢leeitically and mecharisallyNo.
10020259- 2, DdakRis 8kabdbOd @€ Vi a conductors 631, 632, 636) and 637
are respectolm\vi/\éecﬁgcconneést' ed to éoudrR-Eegre'sunk regi ons 641, 642, 643, and 644 in
the | ower | ayeByowsy of eaamplerthe taminationoperatippesan G0Sose a sompressiver strasskof ity i ons,

and 606, Tha ohact) i 200000 of i ditn e Sl WPl TN En BRGS0

channel 670ardetatadriemperaticof dppretimbtely?ge® as nercury (Hg}) separated into
two pajts, liquid tal. 680A an tqui d nmetal 680B. The i n_channel may
'S0 et op ShEPERIFoRT Far R de Sl by HEbing gy pepy arosh B hol R 00 s
shown) . TH21lod i22nthabsting tleméit20¢ @f FiG.n3 ischepted casingtthe pashabeye thdihedted or m
subchannel s, 67 672 fromthe, open vial 1 d 65 respectively, bel ow
t he heat ers“‘%sgfﬁ t@gg‘égx@ﬁﬂ ”&fﬂ‘%“o@’@é{?i‘& ‘f‘?\ég ﬁﬁ'l‘ﬁ‘ﬂﬁ ﬁ'&ﬁﬁ@ne tocpusete 7 it
may be sediguidnaétaltli86Ahe sdparateswiiiti bt poftiod jainidg G telumidinttalcsonB, Thipended
heater el ements 701 and 702, .respectively,. The at er, substrat 604, and
606 have roé’grbsetﬁ? N u‘ﬁ‘r’fﬁ8?‘5‘3?‘50“%%"'5?1h’e%éd,m%?dcﬂgc?ﬁgg’é%f’ﬂ‘zm%B d& heat er
el ener®ss Zlibesthelcondctive chimestiohibetwitenltha bendifig pad 124 andwhaberding gadtiest es 604

and 606. The s %%9\%%% y(.:I a[pp?)%}lge 5 current across the bonding pads 126 and 127 heats the heating

=

element 202 of FIG. 2 and causes the liquid metal 180B to be separated to return the liquid
metal micro-relay 100 to the position shown in FIG. 1.

Referring now to FIG. 3A, therein is shown a structure of FIG. 2 along line 3A--3A.

30  The heater substrate 104 is shown with the suspended heater element 201 positioned above it.

It may be seen that the suspended heater element 201 has a plurality of openings 301-1
through 301-N,



15 el ements 701 and 702 are further spaced away fromthe bottom substrate
602 by the sealing resins 610 and 612. The heater substrates 604 and 606
are respectively disposed in cavities 710 and 712 in the top substrate 608.
Since the lower |ayer 609 of the top substrate 608 is bonded to the bottom
substratelgqﬁﬁgﬁlaﬁo rtight seal, the sealing resins 610 and 612 do not
necessari | ave be alrtlght The open bottom portion of the heater
substrates 604 and 606 are open to the open vias 651 and 652 (with only the
open via 651 shown) and connected by the subchannels 671 and 672 (mnth only

t he subchannel Refetringheswnto F16. BBthersings shosimribe stgretyre oG 3Aaken Aln8I1ths 70 i s

shown wit bleM@htYI0126UsRiogéd t he
via 2S corqdluctors Ggﬂé thgg&pgugm(fwl&?ﬂasatggtsg%%%dﬁg%gtt%fo% e %tq E:ego and 691

are of metabbee itiand thehedtesi selhstrawei%hm the underent| 29¢, sortbat| lihqévm deaten

conformtaq, énl;lagt §(%‘1 398%” N channel 670. This prevents |eakage of a

fluid non-conduc aF OURG t he liquid nmetal so that the expansion force

is trafsmitted RE&rmrtgaldw WUFIG. d@ithéreiniis $howindhe stueturel of G, 34 teker plosg livkcr eases

the reli abj[ ?%EJEE‘ o%nﬁlg{vs me éﬁgm 4 94 fiéﬁﬁl{%l 301N Wil Wh§d p@rln;nab' lity
chIn re

of the sw |on ca rease operat i on, erence
to FIG 6)frda3ﬂowmflgysengroand:lhcsvapendacthmdementtﬂmm ng pads 621 and 622) the

suspended heat e f

nonconduct or 3{3]%5%4%/&%{}1 Izlggesa?ea‘r‘fé’t%ﬂgra eggl% fg&@)&(&?gﬁ otfq CITD&\J/glg‘H‘lI‘ ough
t he via 6Ticenedlay@00 aidba kmebs-ddotion AfANLHGERFLf FIG. émkcmalnnglmeﬁi-i-ﬁ botk use t he
i qui taI 80A t arate with e_cen t|0n10|n|ng with liquid
net al oge b‘@ﬁ?“’ﬁ‘ﬁé%%‘ﬁ‘&ﬂ%‘f?@‘@ee‘gﬁﬁ‘g&vf %bet ween t he bondi ng pad
623 and the bomte nguidanheaP ficra-nelay KOG dchidee achuﬂduckubmate:dﬂﬁdmtrmgrhehtert ween

t he bondin 4 t.he ndi n 5. 5 Convey.se

current . acnas A6 Bl SheRacais t i BRtedenie e IO a 312 ReR A g

el ement 7(Chectaling @esiid ﬁﬁdndalnsnmybhemﬂmﬁdypmsﬂoﬁﬂﬂﬁokprdsm bwpanaheed to
rI'ﬁteu;op etsg lt:eﬂguegtﬁr%stn aag'd Ogr?ngé@/?c?g’gdgu%ﬂf © f}@eﬁ%g&oﬁ% %F% I4§%

V\ﬂi ch l|5he hbhée:drietummatmf)whdeﬂcwsdd?fl ned in Lhebt op substrate. Howeverz) tEe
channel can a ive e in. the ott S te_or in bot
Che top and +naBhIRte e, AR 465 wpluay b RORRE eoTil HEovgp T Vinbe

conduct or Samte;helcdrrzadasaurﬁwmmmon W Ele@trREINGirpd &Nafe SMMdS watlbarthe be
and/ or bottom supstrates. cro-relays in

formed or _def. ned. i ttgge)tog

accor danc@°0fips Pfq‘?e‘&ﬁ ugh 4373 slecsicallasprductiye aad cormerieq 111 £PPAFCOom t he
exarrp:c es mlangmd&ougmwean hrfdeextondiag hi 1o4t aétya&at gigmfﬁbthﬁdsdb&rﬁfltmﬂmfe!vm with
specifjc e i me nder st 00 a rn |ves,
mF;dl f i<at |°8?f§'°t°&gn ql‘%ﬁ@’\'iﬂ‘fqmaﬁ%# Ades £or th "c]bq“t“iu@g‘ép Q-1e ‘ the art
in light of thgudkk, emelmOﬁhemﬁmé 402 haé\fb@&f dia@msy aridt 452 uhd&etﬂélehéatéxo
enbrace all, such alternatives, nodifications, and variations that fall

wi thin t h@uRsialee 404 andiA06jand ppraies 453 k454 nder amaig chanmek 470y (The PR W8 fort h

or shown '4131Taﬁ134530&983}ﬁ96fbd1ﬂ ﬂ%%ﬁ% aasqucHaRnclPﬁﬂ ﬂid%@éﬁ‘ehev‘i’as'ﬁzﬁﬁh
illustrative and non-limting sense. Docket 10020259- 2 THE

| NVENTI ON 268 2qnfqted & the bottorp raosqb@raagelde% Clere seb%me& Al s eovereday the
non- c@3duUGb@ém by a sealing plug 473 and the subchannel 472 is covered at the bottom by a sealing

plug 474. This structure is easily achievable through the use of a ceramic multilayer structure
as described above.
The top substrate 408 contains a main channel 470 connected by the subchannels 471

and 472 to respective open vias 451 and 452. The main channel 470 contains a liquid metal,

30  such as mercury (Hg), separated into two parts, liquid metal 480A and liquid metal 480B.
In FIG. 5, it may be seen that the heater substrates 404 and 406 have suspended heater
elements 501 and 502, respectively. The heater substrates 404 and 406 have respective
undercuts 504 and 505, which separate the suspended heater elements 501 and 502 from the



a first substrate and a second substrate bonded together; 5 a channel
defined in at | east one of the substrates; liquid netal in the channel;

el ectrodes spaced al ong the channel and sel ectively interconnectable by the
liquid netal; an open via defined in one of the substrates and cont ai ni ng

t he f'uidlﬂ&QnQEQQgﬁﬁﬁéi 10 and a heater substrate conprising a suspended
heater el enment 1n urd communi cation with the open via, the suspended
heat er el ement operable to cause the fluid non conductor to separate the
liquid netal. 2. The mcro-relay device of claim1l, wherein; 15 the first

subst r at e heatanyubsieates 404 jandi 496, gspectivielit Thy Wwspeaged heateg elgments 3Q} angn02pe 5

connect i NGuihed spicd® aRaS Trovi Mk tAEMNMbGEFRS 0236y &ndadtoOpiRY, & dxuMpliGeang , and
a ground plane. 3. The mcro-relay device of claim]l, additionall

conpr i si ngondpctas padeaiitend 58T pmiba viaropductass & exsaplifed bnibe é’i?_d@?ﬁi‘&f%%/?xt he
subchannel ,,g45¢nR4 'sé]ﬂra?é)tlhp RLES0bstAR 408 3ME is ];ﬁﬂ:q HeldGn gfb@é‘b {hR sedling I

mcro-relay device of claiml, wherein: the first substrate conprises a
r enot e SsurdladceTe diher rreciseln bige shec velume fthe fluid nemepndheton 8Q3 erounditha r at e

i s bonded I ' te . : ' rel ay
devi ce of séfbgb&ﬁbcﬁ%%ﬁg%%g@%ﬁ? géz’ %@8&%2&%@% g?ieﬁ o%%dsvae;gﬁgﬁgfgg%cent
surface adindoeht the first substrate; and the heater substrate is bonded to

the, adj acent s upl Ak okl ARCHSoo O SLLA Sory lopdl8 u1VaGf s 51 M sl oo of

claim1l) wherein: e second substra u rate conprising
an adj acerthe fopyehstrate 168 eSincet thetopisubstrate 488 isibanded taithd battorm kubstrata #82 bysarbst r at e
I s bonded t h ' ng l.ayer c S te.. Docket No.:
10(12 59-35‘%#t s%’gg%&gﬁn(#—rregel %ﬁlo(fgéﬁy;g% 0?([:119%?%“ ti'?’%%%rbgiaﬁ&éphe second
substrate i s almupdratioayby referlige ta F#G.on) iy rapplying accurrenlj ey thel opding padsacent

the first bstr t he aqdj acent | ayer_.co Lsing a renpte surface renote
o the. (i@t 42 Be insfendid RRERE aleBid 20T RITIG L Bheled SRR kRSP o
conpri ses thohwites bubsaatadis tdexpapPindihéve thiotglht viaets 1tand iR sabchafisk] UnEtdheat er
fnu? f;f ?Eale %gésag@?ng(iuq%}n%&aﬁ gg% o LS feg\irvn]:!’hag Cen ;,r [}opt‘laona'_‘gln?ncge&lth Il:haeylﬁlruid %étalThe

15 480B. This opens the conductive connection between the bonding pad 423 and the bonding

pad 424, and closing the conductive connection between the bonding pad 424 and the
bonding pad 425.

Conversely, applying a current across the bonding pads 426 and 427 heats the

suspended heating element 502 of FIG. 2 and causes the liquid metal 480B to be separated to
20  return the liquid metal micro-relay 400 to the position shown in FIG. 4.

Referring now to FIGs. 6 and 7, therein are shown a bottom view of a liquid metal
micro-relay 600 and a cross-section of the structure of FIG. 6 taken along line 7—7, both in
accordance with a still further embodiment of the present invention.

The liquid metal micro-relay 600 includes a bottom substrate 602 and a top substrate

25 608. The top substrate 608 may be glass and includes a lower layer 609 having heater

substrates 604 and 606 bonded to its top surface by sealing resins 610 and 612, respectively.

The sealing resins 610 and 612 may be a Teflon™ type resin or an epoxy resin. The bottom
substrate 602 is bonded to the lower layer 609 of the top substrate 608.

The bottom substrate 602 has a plurality of bonding pads 621 through 627 on its

30  bottom surface. The bonding pads 621 through 627 are electrically conductive and connected

to via conductors 631 through 637 in and extending at least partially through the bottom

substrate 602. The via conductors 633, 634, and 635 form contact electrodes for the liquid



the first substrate, the second substrate, and the heater substrate each
conprise at least 10 one of silicon) glass and ceramc. 9. The mcro-rel ay
device of claim1l, wherein: the suspended heater el enent conprises at |east
one of polysilicon, platinun) nickel and chromium 10. The mcro-rel ay

devi ce of pli@inNg.: loo2odkes ei n: 15 at | east one of the substrates conprises a
conductive plane adjacent the channel. 11. A mcro-rel ay device,

conpri si ng: a non conductor gas; a first substrate and a second substrate

bonded t oget defin of the substrates; 20
Caut o rortetal i T R Bh The 2 confipor b33 e anty s el TSR o
al ong thet@hﬁmtwdunlamgwmmm&ahmah&&hamalqwexdaymmry first and second
open vial defiped i | east of the substrat fI ui d co ni catlon
with the channg'i“ﬂ‘ef’ﬁlécat?ﬁ'gﬁ a‘v’?raéw?'ﬁﬂfqé‘f‘ﬁﬁ%kf%é Fr‘ﬁ“ g%T; and
first and652¢00@ dicandfathe feditsubdtiaks 604 And 606 r Tl mgeﬁlayasamscmsov&nmpended
heat er eI ement, the first and second heater substra'{ags in fluid

comunidc atMaim clgnpel 670 Thermain chapnel-079 ket 2 lig Speit oy erepry &g

oper abl e tsgpapfddeiatd twol parts,AkaRI MG 630A- HANJURL MEalROB! The Ydd ha@indllifay | qui d
mercury between the first and second 30 electrodes and the second and third

el ect r odedlsohavgjep and hattom plating 69andA91 kenly the teprdating 630 iszhowmle ni cro-rel ay
devi ce of cl ai fhegorolf \Ebitalt 60§Q8nt51hf§f)m§&ft3é5&ﬁ$ wmefm SftRhabinels 8 indONe

| ayer and at | east one structure selected froma conductor) the open vial)

the first 673&emiiby openciasiest and2erespeavely, helowrbmbaatee pubstagtes @4gnd GItop| ane.

5 13. Bheéﬁg,ﬁﬁgcﬁﬁh@mgew ce of claim11l, additionally conprising: first
and secon ubchannel s defined in at | east one of the substrates, the first

and second subbhﬁlﬁae? Sit meayplec sdeg dthat the hedten subgiratesc64; ansk %ba\%@tﬁn@dheat er
substrat e xﬁ]dld fﬂagtetcgl@fﬁ $ 701 4nd 16 rrg%&ftﬁel&e"ﬂ% &Y Gbs@iteC60 Md

wher ei n: rst su trate conp es a‘renote surtace renote fromthe
second su thQYﬁr rgspectivenmdérncuts 704 antl ‘HSc whidh leanse ¢he wwspeadaddicater elemenso Alleandt 0 t he

remote sur—,f)ggg bé)gusbgﬁeé ia{v§§ fr%HlbtﬁE rh@ﬁt&’ su@ﬁxqates 604 and 606. The suspended heater

15 elements 701 and 702 are further spaced away from the bottom substrate 602 by the sealing
resins 610 and 612.
The heater substrates 604 and 606 are respectively disposed in cavities 710 and 712 in

the top substrate 608. Since the lower layer 609 of the top substrate 608 is bonded to the
bottom substrate 602 by an airtight seal, the sealing resins 610 and 612 do not necessarily
20  have to be airtight.
The open bottom portion of the heater substrates 604 and 606 are open to the open
vias 651 and 652 (with only the open via 651 shown) and connected by the subchannels 671
and 672 (with only the subchannel 671 shown) to the main channel 670. The main channel
670 is shown with top and bottom plating 690 and 691, respectively, adjacent the via
25  conductors 633, 634, and 635. The top and bottom plating 690 and 691 are of metals with
sufficient wetability to allow the liquid metal to conform to the shape of the main channel
670. This prevents leakage of a fluid non-conductor 703 around the liquid metal so that the
expansion force is transmitted to the liquid metal with high efficiency, and thus increases the
reliability of the movement of the liquid metal so that the reliability of the switching
30 operation can be increased.

In operation, by reference to FIG. 6, by applying a current across the bonding pads
621 and 622, the suspended heating element 701 of FIG. 7 is heated causing the fluid non-
conductor 703 above the heater substrate 602 to expand and move through the via 651 and

10



the mcro-relay device additionally conprises bonding pads on the renote
surface of the first substrate and conductors extendi ng between the first
and second 15 suspended heater el enents and the bondi ng pads. 15. The

m cro-relay device of claim1l, wherein: the first substrate conprises an
adj acent spif-a6eL 1803b36.ent t he second substrate; the first and second heater
substrates are bonded to the adjacent surface of the first substrate; and
20 the micro-relay device additionally conpri ses bonding pads on t he

adj acent surface of the firs conduct. . bet ween
T T st eReERnn 670 f s ba i mer S0 i SRR Fiiie SHIERAODigEe 6.
The m cr o-wit hghidlfeiaC680BE 'nﬁsanpenslmb condoétveiconnettivh Yetwezh tisinmtling tped 628pri ses

t f bst d trat
s o mul t A boutiBE PREEA, R L R GO bRt eeen A SRR R | £ & °

substrate,analﬂfeb@ﬂalaggmsjsayer corrprl ses an adj acent surface adjacent the

first substrate, and renpte surface rennte fromth st. s rate; the
first and secoenPessel apglyie: f AUBent oo dhei banding pals ?ﬁrﬂd&gﬁﬁ%%f t he

adj acent  3{speadeheatir elenhddE H®E of MIG: 2 dfAARRS Brediqhidemét A1 HBOB ko B $éparhed PEN

vias are defined_in_ the adjacent l|layer and the first, second and third

el ect rode§°‘§F°éh6qutlﬁé‘e§HPbﬁ§%'FﬁlaY§i991‘%@é PB?‘“Q‘!’F@O‘&HF‘&EI@ - | ayer: and the

mcro-relay devihe@raéifliihieafic] his BeeRbdcHsS With Séfexemé o exanples P GARRMIR S
defined in the first substrate) bonding pads |ocated on the renote surface

of the fi rebpnnslisprayided ppgefingd nbtbﬁmcsvbﬁt@teeﬂwmr,m@ qhannelean Altamativelshe
substrgy e cﬁﬁﬁ&pﬁptﬂé%ttunr ﬁltbstﬂ{?éj oﬁ?&%&l @nb'i&?'ﬁﬁ’c?%ehﬁ&foﬁ{ sftlsGATB T §néngh t he
bondi ng pads. 17. The mcro-relay device of claim11l, wherein: the first
subst r at e <©BH#SHIrS efbe SPPIE (viss ccandndtorsc eleetradese stbehannelse and asonndsplangs mase:  and
the mcro I S5k nt el, a
ground pl gﬁgﬂilmrsr’pg‘gg%%%dan%&?%ﬂmﬁ g tge Ct| gh ?’qu%ﬂté‘?{@ ﬁg%%%g m%&gﬁﬂt&
mercury) aGepréansywith the prsentdnventinn qap he edentadrdifferentlytfeont the exarepl¢sshewn.e, and
further conduc YREG aps?FLq iR (g pad.
18. The m cro- ?@ng;ﬁ‘é&gﬁh@gﬁ‘g?stiﬁ% aim1 gfa%\/\ﬂ%@ g?ﬂmml ﬂ?f’?st s%gg% rate,
the sedonds ©hsamdessteod thptdnany alteraatives, mndifications cand aetintionswill begapparenitéast one

of silicony, ggﬂﬁﬁielﬂ%aag@mgmguf tmﬂregm%&es ﬁ;gloﬁ ?R%édhﬁﬁ%g,tﬂ ia@ntﬁfd%&rbd

substrate) an strate”ar
embrace all such alternatives, modifications, and variations that fall within the scope of the

included claims. All matters hithertofore set forth or shown in the accompanying drawings
are to be interpreted in an illustrative and non-limiting sense.
20

11



19. The mcro-relay device of claim1 |, wherein: 20 the first and second
suspended heater el enents each conprise at | east one of polysilicon,
pl ati nun) nickel and chrom um and the first and second heater substrates
conprise silicon and define respective undercuts. 20. The mcro-relay
devi ce of gl Al 4dooebierein: 25 the second substrate conprises a conductive
pl ane adj acent th ?I rst, second) and third el ectrodes and separ at ed
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the first substrate comprises a remote surface remote from the second substrate; and

the heater substrate is bonded to the remote surface of the first substrate,

5. The micro-relay device of claim 1, wherein:
25 the second substrate comprises an adjacent surface adjacent the first substrate; and

the heater substrate is bonded to the adjacent surface of the second substrate.

6. The micro-relay device of claim 1, wherein:
the second substrate is a multilayer substrate comprising an adjacent layer adjacent the

first substrate; and

30 the heater substrate is bonded to the adjacent layer of the second substrate.
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-5, the adjacent layer of the second substrate comprises conductors and the open vias are
///01a’>~ @ =l @@g]% d1_0%3&' ()-3l +& 109B& ()-F)!109B& ()-! 1l %@#10%
+B+B& ()-Fl "I 10%3&' 15@ 22aB7@! 10By;
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10 one of silicon, glass and ceramic.

0, The micro-relay device of claim 1, wherein:

the suspended heater element comprises at least one of polysilicon, platinum, nickel

and chromium.
10.  The micro-relay device of claim 1, wherein:
15 at least one of the substrates comprises a conductive plane adjacent the channel.

11. A micro-relay device, comprising:
a non-conductor gas;
a first substrate and a second substrate bonded together;
a channel defined in at least one of the substrates;
20 liquid mercury in the channel;
first, second, and third electrodes spaced along the channel and connectible by the
liquid mercury;
first and second open vias defined in at least one of the substrates in fluid
communication with the channel, the open vias containing the non-conductor
25 gas; and
first and second heater substrates each comprising a respective suspended heater
element, the first and second heater substrates in fluid communication with the
first and second open vias, respectively, and operable to selectively cause the
non-conductor gas to separate the liquid mercury between the first and second

30 electrodes and the second and third electrodes, respectively.
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20 the micro-relay device additionally comprises bonding pads on the adjacent surface of

the first substrate and conductors extending between the first and second
suspended heater elements and the bonding pads.

16.  The micro-relay device of claim 11, wherein:
the first substrate comprises a remote surface remote from the second substrate;
25 the second substrate is a multilayer substrate comprising an adjacent layer adjacent the
first substrate;
the adjacent layer comprises an adjacent surface adjacent the first substrate and a
remote surface remote from the first substrate;
the first and second heater substrates are bonded to the remote surface of the adjacent

30 layer;
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one of silicon, glass and ceramic; and
the first substrate, the second substrate, and the heater substrate are of different

materials.

19.  The micro-relay device of claim 11, wherein:
20 the first and second suspended heater elements each comprise at least one of
polysilicon, platinum, nickel and chromium; and
the first and second heater substrates comprise silicon and define respective

undercuts.

20. The micro-relay device of claim 11, wherein:
25 the second substrate comprises a conductive plane adjacent the first, second, and third

electrodes and separated therefrom.
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