., €3e808Lp6T0} Q ELECTRI CALLY | SOLATED LI QUI D METAL M CRO- SW TCHES FOR
« | NTEGRALLY SHI ELDED M CROCI RCUI TS 5 FI ELD OF THE | NVENTI ON PATENT The
<« present invention relates generally to the field of radio-frequency and

m crowave mcrocircuit nodules, and nore particularly to

m cro-swi tches 10 used in such nodul es. BACKGROUND CF TH&‘I’I‘"WM]MMS

M crowaves are. el ectronagnetic energy waves with very short W? engt S,

op

typically ranging froma millineter to 30 , centineters peak eak. In
hi gh- speed conmuni cations systens, mcrowaves are used as carrier signals
f or sendigng: botxt®b.mabdonn from point A to point B . Information c¢araNred by

m crowaves is transmtted, received, and processed by m crowave circuits.

20 Packagi ng of radEQEC@E@MKWIS@EATEEOMH\Z@IEWTA&W ts has

traditionally been very expensive and has required very high electrical

i solation and excel I ent si gna{JOREISWITCHESFQRgahertz frequenci es.

Addi tionally, integrated circuit (1C) power densities can be very high.
M crowave circuits ’IF{;IP%M]QDY SEENPER ROCIREUWFTRON bet ween
circuit conponents an etween the circuit itself and other eI ectronic
circuits. 25 Traditionally, this need for isolation has resulted in
building the circuit on a substrate, placing the circuit inside a netal
cavity, ahd then covering the netal cavity with a netal plate. The netal

cavity itself is typically forggsg by "f@@fr{i*ﬂ?@r Rt al plates and then
attaching nultiple plates together WIFth sol der or an epoxy. The plates can
al so be cast, which is a cheaper alternative to machined plates. However,
accuracy is sacrificed w . sting. ,One pr at epndant w t.h the
nore traditional ?r?&e&e’z%fm&%ﬁg? r’fcl%ﬁ ﬁﬂgﬁﬁllgrt&fg‘\"/gﬁ@? Rdfosead If"l’faatndt he

nmet hod of seahicigvabd@ichasirehit £:108€lés, bt thére partiviliryy t03iqaidansisl ieitroMe/itelRaX Y .

Wi | e the epoxy. provi des _a good seal it comes with the cost of a
10 uséd in such modules.

BACKGROUND OF THE INVENTION

15 Microwaves are electromagnetic energy waves with very short wavelengths,
typically ranging from a millimeter to 30 centimeters peak to peak. In high-speed
communications systems, microwaves are used as carrier signals for sending information
from point A to point B. Information carried by microwaves is transmitted, received, and
processed by microwave circuits,

20 Packaging of radio frequency (RF) and microwave microcircuits has traditionally
been very expensive and has required very high electrical isolation and excellent signal
integrity through gigahertz frequencies. Additionally, integrated circuit (IC) power
densities can be very high. Microwave circuits require high frequency electrical isolation
between circuit components and between the circuit itself and other electronic circuits.

25 Traditionally, this need for isolation has resulted in building the circuit on a substrate,
placing the circuit inside a metal cavity, and then covering the metal cavity with a metal
plate. The metal cavity itself is typically formed by machining metal plates and then
attaching multiple plates together with solder or an epoxy. The plates can also be cast,

which is a cheaper alternative to machined plates. However, accuracy is sacrificed with \
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5.greater electrical resistance, which increases the | oss in resonant
cavities and increases | eakage in shielded cavities. Another problemwth
..the traditional nethod is the fact that significant assenbly tine is

requi red, thereby increasing nmanufacturing costs.- Anot her traditional
approach to packagi ng RF/ microwave mcrocircuits has been to attach gallium
arseni de {GaAs) or bipolar integrated circuits and passive conponents 10 to
thin filmcircuits. These circuits are then packaged in the netal cavities
di scussed above. Direct current feed-through connectors and RF connectors
are t hen apigedockeoNCRONO®@Ct t he nodul e to the outside world. StillPameet her

met hod for fabricating an i nproved RF mcrowave circuit is to enploy a
singl e-1 ayer ¢tdstie fil m technol ogy substrate in place of the thin film
circuits. 15 Wil e,sone,cost re sli r

remai n hi gh due too?ehgro T4 ﬁenad g WF sur B E%H?gg%o&nl%g% \cé?scautr 3&?41

di el ectri c naintsrowdve dirgpitsCialthat tienmbkibyd df éahgg thepasttlesover totthpewnyl m;est h| S

type of confi atlon are rically lossy, especia

fr equenci es. “‘EﬂVEICB‘&’iyr .@Lﬁ%ﬁgfaw p%%“‘% c'5‘r3°9éa E‘%ﬁt‘tr‘iﬂ"}%&’aéégea | on of
frequency s | ngRgleh diécdibal fe8idlahidd] Whidh idch@ses teQkd3 @S Fesétfant daQitidi a{deiﬁéreases
material often proves difficult. 20 A nore recent method for constructi ng

conpl etel y shleakage in shiclded ppyitiesrhaethe sroblamvithothe {raditionakmethpdis ghedecs gl s

wi t hout et al in U S

Pat ent No. 6, %E@ﬁbi%g%ﬁtﬁ?% e lg%hl?ge%?tgtg%a}@we& St%ﬁl (t:"l{l Ei ?Jrﬁ'RF Modul e",
her ei nafter Dove. mmeruhditibmatmrcanhuopmeMEE/mlmwemnicnohir@ﬂshzislbmd?F
nodul e and ne d.for.mkin n roved m.dielectric is
enpl oyed to 1 vpen A SRt 18T o BpbRERRERR S d el R BRSNS e
diel ectrii@s umedin(fiex &Bdaltanmhds@cﬁua@ 4¢Qhdn pkkagad i the el E4variss IdacamBes

Cernal oy, 24 Union H | Road, Vst Conshohocken, Pa. These dielectrics can

be utilized t@]’%’FeJ—?@cW’I%Pﬁerﬁii -Srengh conpgstony and Rﬁ&pmeﬁ&owaﬁf@ntused ¥ 0 and
el ectrical isglabdi@: hotifd oWMSouthiddwafdl t1onal mcrocircuits w thout the use

of previous nore expensive conponents. 30 Electronic circuits of all
construction t ypesSttlyploclwr imethod \for fabeciting as iwnproveslsRE mdcrowave circniglingys. The

typi cal conpa i is.al ead
relay conpri s‘%{‘lp gﬂ I% thﬁ&rﬁl%% hBXIﬁS;E %L%%ﬁ'sp 1%’8&?)%‘?&33 curc%gnetl C

al l oy ar aSConnanlaedne edstarage shightly duced)alid ovgradl, coitﬂ&hﬂ.ﬁl}ﬁgmducltathdmtajlﬁﬁss
vessel . A coil or I ectr dri,ve I s woun e | ead
switch, and t%%%% r%ﬁ%‘f‘ﬁ?‘ﬁ%‘ﬂ"wpﬁﬁeﬂalfmwa @""Gées%’é’las"&ss ei't her
contacting or oﬂ@ﬁes?(i’rmlﬁ@t}lpeg}f cbff@frdtish ayéelbaﬁéamglqosdy Yesh&oidlly' £1gigahernd wet

| ead relays. Usually with a dry lead relay, the ends (contacts) of_the

| eads are conPemiEacies e digletricicapsgan érPPOIIJIhWG%d as@ f%mtlam PB@C%Wahl ng any
of these, andyddfifonStinbBfifg o thiBRsCHMAGLISAC Mallialofdn ol diftiedh um

20 A more recent method for constructing completely shielded microwave modules

using only thick film processes without metal enclosures is disclosed by Lewis R. Dove,
et al. in U.S. Patent No. 6,255,730 entitled “Integrated Low Cost Thick Film RF
Module”, hereinafter Dove. Dove discloses an integrated low cost thick film RF module
and method for making same. Animproved thick film dielectric is employed to fabricate

25  three-dimensional, high frequency structures. The dielectrics used (KQ-120 and
KQ-CL907406) are available from Heraeus Cermalloy, 24 Union Hill Road, West
Conshohocken, Pa. These dielectrics can be utilized to create RF and microwave modules
that integrate the /O and electrical isolation functions of traditional microcircuits without
the use of previous more expensive components.

30 Electronic circuits of all construction types typically have need of switches and
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gold, or the like. The contact resistance is high at the contacts of a dry
| ead relay) and 10 there is al so considerable wear at the contacts. Since
.reliability is dimnished if the contact resistance is high at the contacts
“or if there is considerable wear at the contacts, there have been various
attenpts to treat the surface of these contacts. Reliability of the
contacts may be enhanced by the use of nmercury with a wet |ead relay.
Specifically, by covering the contact surfaces of the |leads with nercury,
the 1 S contact resistance at the contacts is decreased and the wear of the
contacts hgilenk Bk doozooti ch results in inproved reliability. |In adtgNT on,
because the switching action of the | eads is acconpani ed by nechani cal
fatigue due taelhyeXihadpidaheonpactimechanicd) eoitact type neldyfis adgail onlayafa lead sdave years
of use. A newer t

pe of .sw. tchi ]l i . a
plurality of Z0"™& ge&a?ec?a&vgltc % x%’o@ége%%stc’%gﬁg%dg ?%Mﬁ@géﬁggﬁéf ao%ttra\glteg’he
[ Rner \r/]val I sI ofal@:chﬂlzi&ﬂdﬂl d ihers ﬁﬁl ﬁdidelhla‘ﬁmedluxeté‘lats fvéSSelelﬁfecﬁiHocai fllyctfdnmghdatci ng.
This channel is filled wt S .volu 0 n_elec¢trically. conductive
liquid to for rAfyedhweyndaroyad the IgAd, v ARG fhe e Jeadare imstaded ithinyiBe lass
el ectricalky ceaseeithfi®ohtadt ﬁqrﬁ&{_mc{iﬁg_rmved to a location where it is
b

simul taneously 1n contact wt oth el ectrodes. Wien the two el ectrodes are

to be opened, the [Leglichyoimcluods dmnteafl selays wndivetdead relaysa tUsyallywigh @diytledds not
in contact wth h_el ec S i . t |1 qu

col umm, Japanerglgg’&}é? %n_ed ceo%{a%gf%rﬁet 1 é%le‘;’fec%? %S#d%l%%tﬁ%ﬁ'& ‘Jg?ds]c béyeag
creating a preslsytentahihf efiyesfithedt, aad thessarficeeof thejeonthctsaireplated svithnlsaiiven,, The
pressure differential is created by varying the volu of S, conpart ment
| ocated 30 on E'é’f‘i; ﬁ’é&mél:l“c'ieﬁ?ﬁ copfagt rF%iﬁ?ﬂcaysclﬂghﬂRl?e ‘?B‘Laﬁgg’§ _ama]ﬁg‘grelﬁy aagﬁr agm
-3 | n 1enothge idENE beRimeRAble Wb aias ortatis NSindd Heliauikdy 110 Bintichedif #2575 and
Japanese Lai d- Open Patent Application HEl _9-161640 disclose creating a

pressure di f f eloBetrasistence duah ahtheicppfastaiordbibgrens ¢apsigerable dieapt thesopiads,
conpartment wigh. gaw}l@fég ario &temg%ttg Freaﬁ ‘ﬂﬁ:ts?ﬁﬁ&%f ﬂﬁ%}éo‘ﬁf&%ﬂ? gas conpartment
col umm. e tec

| ocated on one side of the [ qui nol ogy di sclosed in
Japanese Lai d- Open Reliatslity offbp tantastsingay be erai &4 0y theabexdfimegeurpwith awetleadel ay

el enent) can also he.a ied to an integrated cirguyit.. her aspect,s are
di scussed by J° ﬁéi %Bﬁflﬁ)(gaily’:w COVRIRE, ezi?‘%f%ls Ak Efgﬁi 18@%@95%% el ay
VI\\/IIi th aI Mous ng dVﬁfamgiTtBroept' thpubdthcsdlwiededréhsémmd;‘twwealoﬁge contacts is reducecll,

croel ectronechani c Systens, Vol.. 6 .. 3). Sept er 1997.. Di scl osures
are al so nmade Wa‘(’&ﬁ“alfidﬂg‘ﬁﬂm@?d ’&Pé?’ﬂ?t?‘r Iﬂag.gmlg&tt&ﬁ‘i‘gigwé}@é@?ﬁﬁefméﬂf fhel ed
"El ectrical CogddaGs a&bﬁaglgfﬁéd BMrdeStanichinfa@igiieadiR o HHleRinb ! theabadsMMyaeginBloeaker

Swi tch) and El ectrical ntact Switching Method". There remains a need for
an el ectrical |r9a1ft’§6tmta@ar§wmeysa§¥sa+ mcro-switch for use in an integrally

shi el ded hi gh-frequeRtyer st OCiWifcHing ‘mechanism is structured such that a plurality of

20 electrodes are exposed at specific locations along the inner walls of a slender sealed

channel that is electrically insulating. This channel is filled with a small volume of an

electrically conductive liquid to form a short liquid column. When two electrodes are to

be electrically closed, the liquid column is moved to a location where it is simultaneously

in contact with both electrodes. When the two electrodes are to be opened, the liquid

25  columnis moved to a location where it is not in contact with both electrodes at the same
time.

To move the liquid column, Japanese Laid-Open Patent Application SHO

47-21645 discloses creating a pressure differential across the liquid column is created.

The pressure differential is created by varying the volume of a gas compartment located

30 on either side of the liquid column, such as with a diaphragm.
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4 SUMVARY OF THE | NVENTI ON The present patent docunent relates to
téchni ques for fabricating electrically isolated |iquid netal

. mcro-switches in integrally shielded mcrocircuits. D sclosures 5 nmade
herei n provide nmeans by which liquid nmetal mcro-switches can be integrated
directly into the constructiion of shielded thick filmmcrowave nodules. In
a representative enbodinent) a liquid nmetal mcro-switch conprises a first
substrate and a first ground plane which is attached to the first
substrate. A first dielectric layer is attached to the first ground pl ane.
A conduchgimepdssiegidabozboayer is attached to the 10 first diel ectrimtiayer and
patterned so as to define first, second, and third signal conductors having
respectively firstinamtgeodayelopmenttapancse RatentBubligation SHQ 36-2817§ andVapanesend

dielectric layer A.s attached to t ' | ayer conductor t he
first diel ectalﬁl%qpﬁ%/g?t.e&éb@ﬁﬁ%ﬁ% ’@E&?ﬁ' %@Q’g#’ &‘ﬁgl fescrgat%t“g@ &t S'ﬁgﬁfqﬁeééng%lcond
diel ectric | agpiss thd IRROMLBNBE brodidigithe gHs catpathdndwith@ hese0Mhediegtbrect ri C
| ayer and has a ct&\'/ity,. A third ground plane Is attached to the 15 second

substrate. A lI@tts ssdn fossgasicomBEFIRRS jseted AR oBg fide 9T tha lgnidrolmmnbhe | s
partial lysfil{e@floligh Bis@osed Gt Fepanted Bdid-OpBEDAéd Atprr‘caﬁ&h oL16TR0RlatigpATPasses
the mcro-switch contacts. A Sub-channel conneCts the cavity and nmain
channel , whermicrerelay) gloment) (can glse be @ppliedyto fn dntegrated iskiprit| Otherl aspeets @ren heat er
activation fof [ b mpedn 1St § ] s\ tch
contacts and %&g sc??t’B yg’:@%ﬁ?’téggy V\%ggltn\ggcc%‘n%hglggllﬁgm%?naé}?g%gkg#ch
contacts. | n MertyDropgublishedirthe Joerneididtcroeledtrormechanipal Systemb, A ol16, No.0- SW t ch

conprises a fjrst. subs te.and a first groun | gne, . wher ei e first
ground pl ane 4'§S°B'ﬁ°§§‘hgc??t g”fﬂ%s“qura?t”ﬁ%‘lfgg‘fer%&'tdgg‘? g°‘F4°!hs°f a |'u?ef'}(§1t;tt‘L Pﬁ_.eﬁt | ayer
is attached t&3i37fdntifibd GEI@sAEk] BoRMS: Bk SlHeh) m&gﬁuarmbcdi@ay@ront_aa _
attached to the first dielectric Iaéer and patterned so as to define first,

25 second, andreglesr Switsh, gpdElestsigal Switghingdvethedie first, second, and
third signal  condulehl:smifY ek FRPERIY Ly fb1kEA HoR Fa Rl id: e

m cro-swi tch contacts. A second ground plane 1Is %ttac ed to a second
substrate. A inaudntegrallyshizidedihight frequency mierb¢isruited to t he second substrate,
has a cavity, and is attached to the first dielectric layer. A heater is
posi tioned inside the cavity. A main channel is partially filled with a
liquid netal with the main 30 channel enconpassing the mcro-swtch
contacts. A sub-channel connects the cavity and -S



mai n channel wth a gas filling the cavity and sub-channel, wherein heater
activation forces an open circuit between first and second m cro-swtch
<contacts and a short circuit between second and third mcro-switch
contacts. In still another representative enbodi nent, a nethod for
fabricating a liquid netal 5 mcro-switch conprises attaching a first -
ground plane tQ a first substrate, attaching a first dielectric |ayer to
the first ground plane, and attaching a conductive, signal |ayer to the
first dielectric layer. The conductive signal layer is patterned so as to
defi ne fi4=dntDogkeion@}o0rnd third signal conductors which have redpefi vel y
first, second, and third mcro-switch contacts. A second dielectric |ayer
is attached to first, second, SYYEMARY, @?H&A%IV BEEdNct ors 10 and to -the
first dielectric layer. The second dielectric layer is patterned so as to
define at |east one sub-channel and a main channel. A second ground pl ane
is attached to theThepmmntQatenteimmnmtIrdw to tachniquies forifebriseting electrielly second
substrate. A th| rd ane | attached..t e, second

nearer 15 art i Y Bel R s Rod IGREAN e ARG TR 1) | oo
with a |igsidnededlerein'provide fehibeby®hich GGad medtal eficoRgviREeScah be idfegrated

m cro-switch contacts. The second, su rate.and the thir round pl ane are
attached to tﬁé’e%tg'dﬁtﬁdheg‘?oﬂﬂﬁﬁn%%fﬁ@legjﬁéjﬂ?ﬂ‘eﬁ E’éE’GF?d"aHFEP@g]ng c layer. In yet

anot her represent aty y gapridbiastiviRitbodimeneh NQEld inttal hdbYolskatich B8mpridek d\irdl net al
m cro-swi tch conprises attaching a first ground plane to a first substrate,

attachi ng a f isnbstratgiaed amstgroundy ?WbléhEH’@”F‘F‘?@@%F%&WRW%F%@IQé‘tﬁb‘c@@t achi ng
a conductive I t I oBial uctive
signal |ayer isléggg%tat e@ﬁ%ﬁf %gﬁgsgsm&q%é |e?1éq?c}nr%l§(t’%;es %lr} eﬁs &Iaﬁfi?éé&gl gnal
conduct or i;O h a\ﬂrstgwieemaéaybr and pattefried sd 3s tededinafirst, mdnd, hndtﬁlrahmgnabemdmtcﬂs

cont act s. ond u | ane i, s tached tq se nd, subs

S otona & of e rrias resfenvels B 30Sn nd HETER Ariief cTIRSE -4 Strond ABleEiEE
diel ectric | aygyerissttivhbd RtH HgmPlajs chrtlucefs a0 tAh€ Arst ai)ﬂecﬁ'b 14 A Sl secUna
sub-channel, and a pmin channel. A second dielectric |ayer is attached

to first, seccﬁ‘&imdalf?ﬁcFHF‘?@%P@‘PF@HCC%WFGHQ%@S@B@ Stf%t?@?ttﬁfhﬂt@ctri c
| ayer. A heat gfg ke rﬁit&l@igaﬁgld Arfd%hal BRafiRY | A Yhird B6udB)

partially fill eed vv?t h a wygls qxa% %\?\M?I{EI %hq[dh%Srral r}g%ﬁlgﬁﬁé&k%#z%ﬁpasses
the mcrol&wi tsmnde\mswt:sA teter is positimbedingide therdawity. a4 enain ¢hapnd] dspragibilyo t he
conductive si ye the .first dielectrli QL her ects
and advant agegﬁfg#1 “l@ea L?@Q%ﬁ%ﬁlwn]\:/eé% |ﬂ?)enm\a/uvin Iﬁ%mglegzglh:\(e%mgﬁ%ﬁsr tehﬁ oM %8 t he
fol | owi ng det @bhtects. dAsnb-chnhneimonﬂeetkﬁre damtycanzqmmnblnaunely\whétemhegaaﬁﬂomp‘anyi ng

nvent Pon,  cavipp b e R et A e e e BHESRYP R awi ngs

provi de vi sualand eRbEPAIAEWiEATMELS nd sHortheaciibRiiween se8und ahdl tidd BRELT | be
the invention and can be used by those skilled in the art to better 5

under st anéd i t S¥Heh ¢an&Bnher ent advant ages. I n these draw ngs, |ike
reference nuneral sy 46t fe reEéﬁEa'h@é&ﬂtFllﬁ'(;qxgl é,ei IE#EE{}E&al xﬁfcﬁa“évﬁtch'%ohm n&sgr aw ng

of a top view of a heater actuated mcro swtch
m croci rcui t. first substrate and a first ground plane, wherein the first ground plane is attached to the

first substrate. A first dielectric layer is attached to the first ground plane. A conductive
signal layer is attached to the first dielectric layer and patterned so as to define first,
25  second, and third signal conductors, wherein the first, second, and third signal conductors
have respectively first, second, and third micro-switch contacts. A second ground plane
is attached to a second substrate. A second dielectric layer is attached to the second
substrate, has a cavity, and is attached to the first dielectric layer. A heater is positioned
inside the cavity. A main channel is partially filled with a liquid metal with the main

30 channel encompassing the micro-switch contacts. A sub-channel connects the cavity and



Figure 1B is a drawing of a side view of the heater actuated, |iquid netal
mcro 10 switch at section A-A of Figure A Figure 1 Cis a drawing of a
side view of the beater actuated, liquid nmetal micro switch at section B-B
of Figure | A Figure 2A is another draw ng of the top view of the heater
actuated, liquid netal mcro-switch in the mcrocircuit. 15 Figure 2B is
still another drawing of the top view of the heater actuated, |iquid netal
mcro-switch in the microcircuit. Figure 2Cis a drawing of a side view of
the heater actuated, liquid nmetal micro switch at section C-C of Figure 2B.
Figure 3ajis:shad@babde@eh drawing of a top view of a heater actuatreagnt i quid
metal 20 mcro-switch as described in various representative enbodi nents
consi st ent Wihiinchantlewitina ggsfiliihg tHee:avim/mdtshbmhanﬁélgwhereim hegtenadfivaivong of a
side view of fhe heater. actuated u ro itcC ection A-A
of Figure 3. PIGUFERSH Fgcuéftb ?wa?ﬁ? firs %‘gs%f%ﬁqrg’écr?/ SRl oﬁpnév%a L %élrt T at ed,
liquid netal peeded sedondwhd tlid aficrsewittingontdets. of Figure 3. F| gure 6 s a
drawi ng of a side _view of the heater actuated, switch at

t.al
section B-B of Fi guftdl a@ﬁﬁhﬁrrgmesmaw%bpc}@webﬁ%ha@fgrghﬂn?aﬁﬁ@w%“@fg? tal 5
draw ng of aor?icgfsg“‘/ﬁc‘gx‘é’%ﬁ nsteE'QttalaﬁlﬁgEﬁrs?@'B ?‘?ﬂle td d fstisEhstraie AttabHlifd LfirgtM t Ch at

section A-A an a rnative construction. 30 Figure 8 is a
drawi ng of a diélewichacxtto tife fastrmdnmdqbldno,rand@ttmﬁlmg@tqon@cthsamaé tayergo the

Var i ous. 1 cpr BRI GUe RO RN e L AP SRR oBR . 1

I nvention. and third signal conductors which have respectively first, second, and third micro-switch

contacts. A second dielectric layer is attached to first, second, and third signal conductors

10  and to the first dielectric layer. The second dielectric layer is patterned so as to define at
least one sub-channel and a main channel. A second ground plane is attached to the
second dielectric layer. A cavity is created in a second substrate. A third ground plane
is attached to the second substrate. A heater is attached inside the cavity. The main
channel is partially filled with a liquid metal, wherein the main channel encompasses the

15  micro-switch contacts. The second substrate and the third ground plane are attached to
the second ground plane and the second dielectric layer.

In yet another representative embodiment, a method for fabricating a liquid metal
micro-switch comprises attaching a first ground plane to a first substrate, attaching a first
dielectric layer to the first ground plane, and attaching a conductive signal layer to the

20  firstdielectric layer. The conductive signal layer is patterned so as to define first, second,
and third signal conductors having respectively first, second, and third micro-switch
contacts. A second ground plane is attached to a second substrate. A second dielectric
layer is attached to the second substrate. The second dielectric layer is patterned so as
to define a cavity, at least one sub-channel, and a main channel. A second dielectric layer

25 is attached to first, second, and third signal conductors and to the first dielectric layer.
A heater is attached inside the cavity. The main channel is partially filled with a liquid
metal, wherein the main channel encompasses the micro-switch contacts. The second
dielectric layer is attached to the conductive signal layer and to the first dielectric layer.

Other aspects and advantages of the present invention will become apparent from

30  thefollowingdetailed description, taken in conjunction with the accompanying drawings,
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Figure 9 is a drawing of a flow chart of another nethod for constructing a
heater actuated, liquid nmetal micro-switch in a microcircuit as described
<in various S representative enbodi ments consistent with the teachings of
the invention. _g_ DETAI LED DESCRI PTI ON GF THE PREFERRED EMBODI MENTS As
shown in the drawi ngs for purposes of illustration, the present patent
docunent relates to techniques for fabricating electrically isolated Iiquid
nmetal mcro S switches in integrally shielded mcrocircuits. D sclosures
made herein provide rmeans by which [iquid netal mcro-swtches can be
i nt egr at eguglig.&&ib.Yookddt10 the construction of shielded thick fil maraner onave
nodul es. In the foll.owi ng detailed description and in the several figures
of the draw ndlystratidgebyebayrafeksnyle the pdacipled ofdle imventiohi ke ref erence nuneral s.
10 Figure 1 Ais a drawing of a top view of a heater 100 actuated, liquid
metal mcro switch 105 in a mcrocircuit 110. Dinmensions in the figures are
not to scale. The mcrocircuit 110 of Figure 1 Ais nore generally referred
to as electronic circuit 110. The electronic circuit 110 of Figure A is
preferably fabricated using thin fil mdeposition techni ques and/or thick
filmscreeging techniques which could conprise either single 15 | ayer or
multi-layer ceramc circuit substrates. Wiile the only conponent shown in
the mcrocircuit 110 in Figure lAis the liquid netal mcro-switch 105, it
wi || be understood by one of ordinary skill in the art that other
conponents can be fabricated as a part of the mcrocircuit 110. In Figure 1
A, the liquid nmetal mcro-switch 105 conprises two heaters 100 | ocated in
separate cavities 115. The heaters 100 could be, for exanple, nonolithic 20
heaters 100 fabricated using conventional silicon integrated circuit
met hods. The cavities 115 are each connected to a main channel 120 via
separ ate sub-channels 125. The main channel 120 is partially filled with a
liquid netal 130 which could be for exanple nercury 130, an all oy
conprising gallium 130, or other appropriate liquid. The cavities 115, the
sub-channel s 125, and that part of the main channel 120 not filled with the
liquid 25 nmetal 130 is filled with a gas 135, which is preferably an inert
gas such as nitrogen 135. In the switch state shown in Figure | A the
mercury 130 is divided into two pockets of unequal volunes. Note that the
| eft hand volunme in Figure |Ais greater than that of the right hand

vol ume. The functioning of the liquid netal mcro-switch 105 wll be
explained in the followi ng paragraphs. 30 Figure 1B is a drawi ng of a side
vi ew of the heater 100 actuated, liquid netal -10 mcro-switch 105 at

section A-A of Figure | A Section A-Ais taken along a pl ane passing

t hrough the heaters 100. In Figure 1B, the heaters 100 are nounted to a
substrate 140, also referred to herein as a first substrate 140, upon which
the mcrocircuit 110 is fabricated. Alid 145) which is sealed at mating
surfaces 150, covers the liquid netal 5 mcro-switch 105. Electrica

contact is nade separately to the heaters 100 via first and second heater
contacts 101,102 to each of the heaters 100. An electric current passed
through the left side heater 100 will cause the gas 135 in the left side
cavity 115 to expand. This expansi on continues as part of the gas enters
the main channel "120 via the | eft side sub-channel 125.
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10 Figure 1Cis a drawng of a side view of the heater 100 actuated) liquid
metal micro-switch 105 at section B-B of Figure | A. Section B-B is taken
+along a plane passing through the main channel 120. The liquid netal 130 on
the left side of Figure 1 C being larger in volune than that on the right
side electrically shorts together a first and secorid micro-switch contacts
106, 107 of the liquid nmetal mcro-switch 105, while the 15 volunme of the
liquid netal 130 on the right side of Figure 1 C being the smaller, a third
m cro-switch contact 108 also on the right side of Figure 1 C forms an
open- Ci r Cplly pofib @208 1S another drawi ng of the top view of -t hamheat er
| 00 actuated, liquid netal mcro-switch 105 in the mcrocircuiit 110. Figure
2A shows the condition of BREHDRSCRIPTEINIORTHE DRAWINGS 105 shortly after
the left side heater 100 has been activated. 20 In this condition, the gas
135 in the left side cavity 115 has been heated just enough to begin
forcing, at the intrgeb@empRtingaRiwipeprovtidvisid rpedsertaona mttichivallloetisedsi de
sub-channel 125, a part of the liquid nmetal 130 on the |left side of. the

mai n channel ZP@wor deserike the iyentiop gad ean bepgedhyi those kiHlpdin thowt topeley ¢ 2B

is still agot %ﬁaMt?@%ﬂ%B@pﬁﬂﬁpmﬁéﬁgw ﬂﬂ‘m&é&%ﬂtﬁﬁ%ﬁ ik APerafch Wakedis 25

liquid metal mcro-sw in the crocircuit 110. Figure 2B shows the
condition of tikentify curespondingklements.o-switch 105 after the |l eft side heater

100 has been fully_activated. In this candition.  th 1 i he |eft
side cavity 115 hagiJl °eﬂeffe%1‘11r§‘3m§r?gﬁg?? YISWfog?g‘gat%f aﬁﬁ‘?%@f“ﬁige B et al
130 ori gi nal | yswaeh irhemlcedciresit.de of the main channel 120 into the right side

of the main channel , 120, 30 Figure 2C is a wi ng of i de view of the
heater 100 act uat edi8§ Eﬁﬁs&dﬁ"é"g‘é&°f-afP°V‘e“fﬁfgﬁ&eé‘ﬂg?ﬂ?t%@gq‘ﬁﬁ%ﬁ‘gﬁ%ﬁ C- C of
Fi gure 2Bjg Secwieh alseltidnA-hadee pog a plane passing through the nain
channel 120. The liquid netal 130 on the right side of Figure 1C now

el ectrical |y short Figurel Gisedravingef asiderviewioidheohester actbatedHauid mstal micra-08 of
the liquid metal. m cra-sw tchel ile the first mcro-switch contact 106
on the left sisﬁlétcgat c |n\g%¥3e°?§1(§g§e01$f orms an open-circuit. Figure 3 is a
det ai | ed draw ng ofFigurd is\aheheralrawingefthetop aietviod thetieater agtuatdd tizuid meta)

m cro-switch 105 as .described i.n various representative enbodi ments

consi stent wi tRCTRWIC é’bﬁ‘l‘ﬁﬁ@?ﬁ"“’ﬁhe invention.”In Figure 3, heater
cavities 145 are c@ B4 stil) afoth&idPavil@ BBk tobafew bf Be Beatérabruatbd Nigeids 125.
First, second, and third mcro-swtch contacts 10 106, 107,1 08 are

el ectrical |y dBHHSUEOFWIEh intBe micrasiseliér of the microcircuit 110 by neans of
el ectrical connect "F%r il : L, 1 i : i

306, 307, 308 respect | ve%%{vsmai%l?%ﬁah%t iGh St bt SRGY, 1GRA i ﬂ@ie%? ally
shi el ded quasiswitohat seetionhCoEFigird 2Bhes. Al so, shown in Figure 3 is an

exposed portion of | & st . 3 i i N

dielectric |ayers g%u}%%% ar%é%%@?f“&é‘l%&oan{gg’(%&{%Jea%ia?tg%/ecg’glqg{rﬁ%gn pl ane
361. For RO| ushicmiswitsh s dgnsbsl invariedsarmpaseatative emmbreliménts considtehdFith deso
referred to hetre'lug as second substrate 145 and which is typically glass

i s shown. Agai'ff© 5?7@@?’5‘?1?‘ °R the figures are not to scale. Figure 4 is a
drawi ng of a side Vigie #fs adiowihg of £5idd PewdE tHeHeel achiatidi Bqui®indlal micro- _
mcro-switch |05 at section A-A of Figure 3. Figure 4 shows a cross-section
of the 20 mi cridtiEhptseriongsAfFigrrehr ough the main channel 120. In Figure 4,
the first ground plrgng 8% dréwid Bp@m@vﬂs@_o@ﬁah@&&&Hﬁ&h{ﬁ%@aﬁféﬁm@& first
dielectric layer 371'is attached to the first ground plane 361. A

conduct i vé3 si ¢wirch pippetionIBB of Bigere ki ng the first, second, and third signal

conductors 306, 307, : L I’ S, s ~and
third mcro-swtch ontée:l%;l gﬁ %@Q nggi?%g&?’\sé?gié thg%ﬁ}e%ﬁ}ag)édt im? ?‘?@?ngel ectric
| ayer 371. Thewibh steecivid BsBgi &l guredhid no kitern83¢ comstmatonshown in Fi gure 4 but

is shown in previo figures. A secand diel.ectric | r, 372.1S. then
attached to the fi ?‘Lz%“”d?aae@?‘}“f‘@ %@}g? V’§‘7ffﬁjﬁé‘eftﬁeac%ﬁgu@q%@e’sai THFE" 1 ayer
380 a; detergism?dhbt)sg%tgmwwﬂfmuea‘h si;nf&auﬁﬂﬁkmtcbﬂﬁmgﬁfg;lnal Iayelr 380. 3A2 .
second ground pl ane, i,s attached to the secon ielectric layer 372 an
wraps ar og(xd t he s?fﬁh‘&et Bt aideevies af a flognghaeal agnethed ?Qfaﬁm%‘iqé’l‘&j.a hegt second
substrate 145 is 30 attached to the second ground plane 362. A third ground
pl ane 363 is attached to the -12 second substrate 145 and electrically
connected to the second ground pl ane 362-8-The mai n channel 120 has been
formed in the second substrate 145. Not shown in Figure 4 is the liquid
metal 130 whi ch dependi ng upon the configuration of the mcro-swtch 105
forns a short circuit between first and second mcro-switch contacts

106, 107 or between 5 second and third mcro-switch contacts 107,108. The
first ground plane 361 is preferably printed on top of the first substrate
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15 materials are preferably KQ 120 or KQ CL907406 nentioned above. Figure 4
shows the top side of the second substrate 145 plated with nmetal creating

« the third ground pl ane 363 which is electrically connected to the
mcrocircuit's second ground plane 362. The second substrate 145 is
preferably hernetically sealed to the outer ring of first and second
dielectric layers 371,372 to protect_the mcro-swtch 105. Figure 4 shows
the back of the 20 second substrate 145 plated with netal in order to
provide a ground whHich is, as stated above, electrically connected to the
nicrocirqgkhb&mﬂ&cmmﬂmground | ayer 362. Figure 5 is a draw ng ofatansi de
view of the heater 100 actuated, liquid netal mcro-switch 105 at section
B- B of Fi gur eaduatdd, gn'qu?ai Sned4iongcrerswitds sn saeo:xtii:rocirduiikw deseribedy hin ovegions t he
heaters 100 of_ the. |i 05 ai.n in Figure 5 25 the
first ground pe1p SRty o g (gee%(%ﬁoéﬁ’s °3t‘5 ml%“u%sq%%ét%vefﬁﬂlw th the first
dielectric |ayer afiigurbeusr‘ngd:awmg@heﬂmbehdrhﬁ‘ aﬁdﬂi&'&neﬂfodlﬂdt@oﬂuaalﬁlg?lﬁ&atei n

Figure 5, onI&ithe secqu si.gnal copductor 307 which is a ﬁthed to the

first dielectfqiatgdy liquicsmetal  mIoEWEE, dhid W‘?rBC‘f% & dg3cgoed dh PP | ayer
372, i's SBOWNrehfeQéhtdtive emBOditehts ¥shsistedi@ith ihGY&Bhlﬁ'g%Q)ftﬁEhﬁveiﬁ&P”d ground pl ane
362 is attached to the first and second dielectric layers 371,372 and, in

t hose 30 areas not covered by first and/or second dielectric |ayers
371,372, to the first ground -13 pl ane 361. The second substrate 145 is
attached to the second ground plane 362. The third ground plane 363 is
attached to the second substrate 145. The heater 100 is attached to the
second dielectric material 372 and resides in the cavity 135 of the second
substrate 145. ' 5 The first and second dielectric |ayers 371,372, the
second signal conductor 307 patterned in the conductive signal |ayer 380,
and the first and second ground planes 361,362 form a quasi-coax shi el ded
transmission line. As in Figure 4, Figure 5 shows the back of the second
substrate 145 plated with netal in order to provide a ground which is
electrically connected to the mcrocircuit's second ground plane 362. Thus,
except for 10 the quasi-coax transm ssion line swtch inputs and out puts
indicated as fjrst, second, and third signal conductors 306, 307, 308, the
mcro-switch 105 is conpletely surrounded by conductors at ground
potential. The resistive heaters 100 are deposited on the second dielectric
| ayer 372, which with first dielectric |ayer 371 acts as a thermal barrier
bet ween the heater 100 and the first 15 substrate 140, thereby increasing '
the efficiency of the heater 100. The heater cavity 115 is formed in the
second substrate 145. The dielectric layers 371,372 are conpletely shiel ded
electrically by the conbination of the second and third ground pl anes
362,363. Note that the heaters 100 could al so be placed on the first
dielectric layer 371 ) and the heater cavity 115 could be forned by the
absence of the second dielectric |layer 372 above 20 the heater 100. First
and second heater contacts 101, 102 which supply electrical power to the
heaters x00 are not shown in Figures 3-5 but could be fabricated on top of
the first dielectric layer 371 with vias through, the second dielectric

| ayer 372 to connect electrical power to the heaters 100 which are
fabricated on top of the 'second dielectric layer 372. Figure 6 is a draw ng
of a side view of the heater 100 actuated, liquid nmetal 25 mcro-switch 105
at section B-B of Figure 3 in an alternative construction. Figure 6 shows a
cross-section taken through one of the heaters x 00 of the liquid netal

m croswtch 105. The first ground plane 361 is attached to a first
substrate 140 with the first dielectric |ayer 371 being attached to the
first ground plane 361. The first substrate 140 could be, for exanple, 96%
alum na ceramic. The first dielectric material is preferably 30 KQ 120 or
KQ CL907406 nentioned above. First and second heater conductors 701, 702 -14
are attached to the first dielectric layer 371 and make el ectrical contact
to the heater 100 which is also attached to the first dielectric |ayer 371.
Second ground plane 362 is attached to one side of the second substrate
145, which al so could be, for exanple) 96% al um na ceram c. The second
dielectric layer 372 is attached to the other side of the 5 second
substrate 145 with a cavity 115 having Heen forned by the appropriate
renoval of material fromthe second substrate 145. Again in operation, the
cavity 115 is filled



w-th a gas 135 which preferably should be an inert gas, as for exanple
nitrogen. The second dielectric layer 372 is attached as appropriate to
first and second heater conductors 701,702 and to the first dielectric

| ayer 371 with hernetic seals as appropriate 10 at mati ng surfaces 150. The
resistive heaters 100 are deposited on the first dielectric layer 371,

whi ch.acts as a thermal barrier between the heater 100 and the first
substrate 140, thereby increasing the efficiency of the heater 100. The
heater cavity 115 is fornmed in the second dielectric layer 372 which is

at t achedadilet Ddder Nggosadtzh substrate 145. The dielectric |ayers 37FAZNT can 15
be al nost conpletely shielded electrically hy the conbinati f the first
and second ground éﬂ%@Dﬁﬁﬁﬁﬁ%ﬁﬁmkﬂ@Eﬁﬂéﬁﬁuéﬁ%gﬁ%Dﬁ%@#&%i@§ﬁ¥ cts 10x, 102
whi ch supply electrical power to the heaters 100 are not shown in Figure 6

but could be fabricated with vial through the first dielectric layer 371 to
connect el ectri calAspshawn inotht vsawings for putees ¢f flusiation; theaprgseaiipaignior a

side view of the heater actuated, .|igui . . S\ at
Section A eoEngrasts SHARNER  hOHHal B e oAt bl 385
Cr 0Ss- sechi orswifchdslreintegratlostsstiiddaticrbbicuita KRisclodutes mgide hérein privideaeanstyl  120.
In Figure 6, the first groynd plane 361 js attached to the first substrate
140 with the ¥ %qua g}cgﬂémre-swg%ﬁ C@ée Ef%&é%‘e‘iﬁ“ﬁ&"% iPRITUGHBLNd pl ane
361. The firsiehdeRshifiots mttbwRb hdaes, for exanple, 96% al um na ceramc.
The first dielectric material is preferably KQ 120 or 25 KQ CL907406

ment i oned above. %Sethedellayringdrtailstl descrig@m and imthe seviersd figgrevofibe fligwings, t he

second subst r1ﬁ$e%1e%§§5i%{lé%{ﬁp?@%ﬁg%ﬁé’k%@%enﬁrﬁgr xanpl e, 96% al um na

ceram c. The 'secon yer Is attached to the other side of
the second subst r Figurd Uoiseididwing ofaiop vidwasiladleatdrA00 hetuated) lipgid metabmixesl by t he
appropriate renoval _of materjal fromthe second substrate 145. Again in
operation, tH&RIAS ihasmeccinoy 110. Dimepsipnsyn fhy Bgien e o [5cale | Hih o et al

130 whi ch couhlrfeuif 0 oPigiieh & idTREE é.%éml{?%fer?é&t@ﬁééiﬁé_tr%g%&ﬁtil'i@. Bl lium
-15 130, or other appropriate liquid. The second dielectric layer 372 is

attached to tdlestrbhic sircwlt Bl0cfRiguze 14 jepreftmblyfabricated usingithin e depesition
appropriate ' . . Fi . Di.Ld m.cro- switch
cont et s 106 EgDE I HiACAR itk idohlina SR ou A el Sffef il 21
371, 372 4Ad tlaeyer hemslkticloyed cerarhivtciraitsubstiateas Waile thepmiyadosnporient shoswninitie t he 5
representative. confi.guration of Figure.7, fhe |iqgui tal .130,is shorting
(i Fot and secBitpenpirodifistn 1o inhehodetoatdie-oalid R hyer disost

M cro- swi t ch wQmnk 8£drdihe§ skifl iPhE Brt that other components can be fabricated as a part of the

microcircuit 110. InFigure 1A, the liquid metal micro-switch 105 comprises two heaters

100 located in separate cavities 115, The heaters 100 could be, for example, monolithic

20  heaters 100 fabricated using conventional silicon integrated circuit methods. The cavities
115 are each connected to a main channel 120 via separate sub-channels 125. The main
channel 120 is partially filled with a liquid metal 130 which could be for example
mercury 130, an alloy comprising gallium 130, or other appropriate liquid. The cavities
115, the sub-channels 125, and that part of the main channel 120 not filled with the liquid

25  metal 130 is filled with a gas 135, which is preferably an inert gas such as nitrogen 135.
In the switch state shown in Figure 1A, the mercury 130 is divided into two pockets of
unequal volumes. Note that the left hand volume in Figure 1A is greater than that of the
right hand volume. The functioning of the liquid metal micro-switch 105 will be
explained in the following paragraphs.

30 Figure 1B is a drawing of a side view of the heater 100 actuated, liquid metal
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circuited. Depending upon the configuration of the mcro-switch 105, the
liquid netal 130 forns a short circuit between first and second

. mcro-switch contacts 106, 107 or between second and third m cro-swtch

~ contacts 107,108. 10 The first ground plane 361 is preferably printed on
top of the flrst substrate 140 which is preferably fabricated from ceranic.
In a representative enbodinent, the first substrate 140 is a mechani cal
carrier for the mcrocircuit 110 but does not provide signal propagation
support, as is the case with convéntional microcircuits. In a sinlar
manner, tienseeondiogoound plane 362 is preferably printed on topAlBNTt he
second substrate 145 15 which is preferably fabricated fromceranic. In a
represent at i veliapswitthb0f at se¢tionsedopiFigup Ity a¥estiams-A &s akereelpathe P carri er

for the m Cf°§asvsmﬁgh$%@’aj& tﬁ"é&texq(i ﬂm &ﬁ%vm@ﬁeﬁérgf@ meséapport

as is the cas ona BOCI T eUIL S I ous tec niques are
avai | abl e f or 140)elsp referesdera her@inchs yazﬂrsteubstmtg 146, uptve wilick tteaticrasirbuat Hi0ss

371,372, the ound p es_361, 362, a as .an onductjng layers, as
for exanple t nE%?fhu‘%?\’iq\}és's‘V%‘ﬁ}his Siﬁeqsﬁy’é"rtmgéﬁfacﬁ%][@eé‘ﬁe{sﬁh ﬁﬁl"}’@\ﬁ‘ gffwd
second di & eCiyid6-svRvie16s. %Iéw%:i?eonamé ﬁraa@ée;smm@ 16l bR HRgkrs 100 baXRétsnd 71, 372,
t he conductive signal |ayer 380, and the first and second ground pl anes

361, 362 are degsosd hestereprtagth1 QU 02ith rachef theihgaters 10paAnglenticgpmerd drsspdd phot o

| i t hogr aphi ca d ed tg f he t . The
dielectric rrathé%}ggqg &im%e @%@Figf 8?“1?%3‘ cﬁoas%&@ﬁi%g%ﬁg nt ol‘ri\é above.
Hermetic seal sxpan@ Pifs atpaﬁmﬁd@hﬁnm adpaeted tha RRY dhfeid the Maidlichirile] 120 vidthé aces

150. Figure 8 is a drawing of a flow chart of a nethod for constructing a

heater 100 acleffiefidscFubichg@fld28etal micro-switch 105 in a microcircuit 110 as
describedg n vari og e%@ﬁ%@ﬁ’ﬁ@.ﬁ# H@Qfgbvr@%eshe‘iﬁf‘%@&ﬁﬁ%d"vi ilﬁd kgl

teachi ngs of the invention 810, the first ground ne 361 is
attached to t macrbiswitth 30 stt seation B-ﬁ)of BgurAtltAa cBectionn Bl ig takerf almg a glaoeind

pl ane 361 to the first._ substr e%g?i ref.er aﬂ# ef f (F;#e %6 si ng
Dhin £ 1 m depBSrie UKoYL Reh Eting] 470, The Hg el 1H00n Belr Hee OfEEs Iies.

Bl ock 810 t hegeihg R afﬁomﬁ@ma@mat 6h fae ﬂgﬂft siile2lectiiBallyl sh6rts B3éther alfitst fahd St
dielectric layer 371 is attached to the first ground plane 361. Attachnent

of the first 8rcendpuicre-switchcontagts 106,407 pfshs iquid mgtabmicao-pitehel 09 gnhijeghe
Pl m Ser eoni ng Pagies e i3l o bt Lo BRRAR TRy R e Spaly it ¥ 620,
I n bl ock 820, midre-swdrlleantact t08lsgraalthd mght sidgglFigwe dCtforuisad open-titvsits i r st
el ot e 1 aver S SRR e lod B QRIS R R R0 R © 1
deposi tion t egnletil mikes-s@iich 105 ih Ieaiticfocirenit 110. Figure 2A shows the condition of the
liquid metal micro-switch 105 shortly after the left side heater 100 has been activated.
20  In this condition, the gas 135 in the left side cavity 115 has been heated just enough to
begin forcing, at the interface between the main channel 120 and the left side sub-channel
125, a part of the liquid metal 130 on the left side of the main channel 120 toward the
right side of the main channel 120, '
Figure 2B is still another drawing of the top view of the heater 100 actuated,
25  liquid metal micro-switch 105 in the microcircuit 110, Figure 2B shows the condition
of the liquid metal micro-switch 105 after the left side heater 100 has been fully
activated. In this condition, the gas 135 in the left side cavity 115 has been heated
enough to force a part of the liquid metal 130 originally on the left side of the main
channel 120 into the right side of the main channel 120.
30 Figure 2C is a drawing of a side view of the heater 100 actuated, liquid metal
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10 screening techni ques. Bl ock 820, then transfers control to block 8Z5. In
bl ock 825, the conductive signal layer 380 is patterned to formthe first,
second, and third signal conductors 306, 307,308, first second, and third

m cro-swi tch contacts 106, 107, 108, and ot her conductors as needed in the
mcrocircuit 110. Patterning of the conductive signal |layer. 380 is
preferably effected using thin filmdeposition.techniques 15 and/or thick
filmscreening techniques. Block 825, then transfers control to bl ock $30.
In bl ock 830, the second dielectric layer 372 is attached to the patterned
conduct i \Agileg Dgtietho. f0aper 380 and to the exposed areas of the firBATENT
dielectric layer 371. Attachnment of the conductive signal layer 380 to the
patterned conciroiswichslQfnatlsedtinet-C3g(Figure 2Bo SeptéoneiSotsctakeny deng vplaihe first

dielectric layer. 371 i ref.erabl fect.ed. Uusi i |- ition
t echni ques ané?&?gﬁﬁ?“gg ﬂ%l If’%ngliarn%er#{r’fg eégq%h#ﬁﬁég? 88?%%@%&#%%2%%
transfers coniCebw!eechicaltksibaiSthel sacdiidenl tREmictdieviheomacts il @1, 808 ofitbe | ayer
372 is patterned.to expose first second, and third nm.crqQ-swt.c ant act s
106, 107, 108 o haid el TGRS %‘Eleﬁg“e@éﬂ“i%?'i“ﬁ&g APRE PP gt %*Fqﬁﬁ&e
Pat t er ni ng of of Rigure@EqR find Mpkh-Girduyer 372 is preferably effected 25
using thin fil mdeposition techniques and/or thick film screening

techni ques. Bl ock Bgwe dtinanetilehdrwing of 8 ien HFW 06 2 braenechiatrd, iqnibmsek 840,
M achoon O SR Do Bfealrhe R ARRRT Al iIR  SREANMAS ClrBGEH i Y o 372

Attachnent of e second groun he secon ric I ayer
372 is prefer gathingsfdfahd @elentidh.N@n Figuie 3, ihkearerdapitiss 115 are tcomieoied W@ s naaivd/ or

thick film30 screening techni ques. Bl ock 840, then.transfers control to
bl ock 845, - 1ghannel 130 E}Fa\éﬂ% sgbrshanpels 123, Aisi, Si@Bd’faB& IGESEVHICE CORERES ¢ e

sub-channg) s 1491072008 abetfectihily R ko thinm@ingerot 88 kEGodiftult 10 HaRAAE
substrate 140. the'cavity 115 for the heaters 100, the sub-channels 125,

and the main ohalepiticali@nestion do dustesecond,tand thisd signals canduetons 306,307,308
respectively which form the central conductors of integrally shielded quasi-coax
transmission lines. Also, shown in Figure 3 is an exposed portion of a first ground plane
361 with first and/or second dielectric layers 371,372 respectively on top of the first

15  ground plane 361. For illustrative purposes, a reference outline of a lid 145, also referred
to herein as a second substrate 145 and which is typically glass is shown. Again,
dimensions in the figures are not to scale.

Figure 4 is a drawing of a side view of the heater 100 actuated, liquid metal
micro-switch 105 at section A-A of Figure 3. Figure 4 shows a cross-section of the

20  micro-switch 105 taken through the main channel 120. In Figure 4, the first ground plane
361 is attached to a first substrate 140. The first dielectric layer 371 is attached to the
first ground plane 361. A conductive signal layer 380 comprising the first, second, and
third signal conductors 306,307,308 connected respectively to the first, second, and third
micro-switch contacts 106,107,108 is attached to the first dielectric layer 371. The

25 second signal conductor 307 is not shown in Figure 4 but is shown in previous figures,
A second dielectric layer 372 is then attached to the first dielectric layer 371 and the
conductive signal layer 380 as determined by patterning of the conductive signal layer
380. A second ground plane 362 is attached to the second dielectric layer 372 and wraps
around the structure to form a complete electrical shield. The second substrate 145 is

30  attached to the second ground plane 362. A third ground plane 363 is attached to the
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140 preferably using hybrid circuit construction techniques well known to
one of ordinary 5 skill in the art. Block 845, then transfers control to
bl ock 850. In block 850, the third ground plane 363 is attached to .the
second substrate |45. Attachnent of the third ground plane 3G3 to the
second substrate 145 is preferably effected using thin filmdeposition
techni ques and/or thick filmscreening techniques. Block 850, then
transfers control to block 855. 10 In block 855, the third ground plane 363
and the second substrate 145 are attached to' the second ground pl ane 362
and secopglethoak@elifoz®dnl ayer 372 as appropriate. Attachment of teaeeNthird
ground plane 363 and the second substrate 145 to the second ground pl ane
362 and secondcatideliestiatei 1d5 laad electdoallyicenrprted er thbkscord fotdplans3e?y Thebri d
circuit construyction techni ques we|l known to one r di nar kill in the
art. Bl ock g3uain ghanpeld0 P@rW%é’FE%AIP%C %FQ?@@E@“%@%C P °‘fvﬂé‘ ﬁgﬂﬁér s 100
in the |iqui al: m ¥ | ISRt sabove
but coul d beqzﬁgﬁlg?e\% ?%\%ﬁp% d?gﬁggl?gg?%ﬁfg%?%tﬁﬁtgag tﬁlﬂgﬁcal |y
fol | owi ng t hdfoastatsbomeirnyitbétwetrefirstand segont miceeswitch chuigais 106487 orbatvernk 835.

Ot her progesses _nornally .associate | ch circuits, as for exanple wire
bondi ng tg t H&” aﬂggjfrg lcrfff&“c@%olﬂgﬁwalltog’éﬁ je perforned at the appropriate
times. Insertion Qhetifse gloufidiplaneBst & prafdfibiyprinted ombipoithafivstiubdii: B0so has

not been di scussed in the a ut cou|d_be effected via .convgjrétail onal

s :
met hods t ypi CRHFRs prstespbly @Pbégﬁ\{é’c&?%ﬁ“%' {hp FRTSPRUANG spibadimerB et ¢ he
second subst rgb&rathaois xfx&ﬁﬂg@a‘f@ﬂﬂer%ﬂh’é]ﬂ RlcBa6 ﬁ@%umsﬁﬁgmﬂieqigﬁmect ric

ic
layer 372. 25 Figure 9 is a drawng of a flow chart of another nethod for
const r uct i ng mofagaticasuP, 25ds thacase with cenyentionakraicrogirenits- Yarioushechmigussn a

mcrocircyit 110 as, . described in various representatiyv | yBNnt.s

Consi st e viFheracE Gal e =ty e AR e P o Pe i ¢
ground pl ane c3fductise sigratlaje 880, endtheprbindplanss 883 362863, Pédlerafly tirdleteettic of t he
first ground plane 361 to the first substrate 140 is preferably effected 30
using thin filpYrddodethesenductive sigoal daysitB0ogndths fist qnd|spqond grovpg pignes

techniques. Be9aks Urd depbhited Vid'Ghick MRS tRASiqRR N pamd Arel 4kred® Lphoto-
lithographically, and the layers etched to form the desired pattemns. The dielectric
15  materials are preferably KQ-120 or KQ-CL907406 mentioned above. Figure 4 shows the
top side of the second substrate 145 plated with metal creating the third ground plane 363
which is electrically connected to the microcircuit's second ground plane 362. The
second substrate 145 is preferably hermetically sealed to the outer ring of first and second
dielectric layers 371,372 to protect the micro-switch 105. Figure 4 shows the back of the
20  second substrate 145 plated with metal in order to provide a ground which is, as stated
above, electrically connected to the microcircuit's second ground layer 362.

Figure 5 is a drawing of a side view of the heater 100 actuated, liquid metal
micro-switch 105 at section B-B of Figure 3. Figure 5 shows a cross-section taken
through one of the heaters 100 of the liquid metal micro-switch 105. Again in Figure 5,

25  the first ground plane 361 is attached to a first substrate 140 with the first dielectric layer
371 being attached to the first ground plane 361. In Figure 5, only the second signal
conductor 307 which is attached to the first dielectric layer 371 and sub.;;equently to the
second dielectric layer 372, is shown from the conductive signal layer 380. The second
ground plane 362 is attached to the first and second dielectric layers 371,372 and, in those

30 areas not covered by first and/or second dielectric layers 371,372, to the first ground
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PATENT In bl ock 915, the first dielectric layer 371 is attached to the
first ground plane 361. Attachnment of the first dielectric |ayer 371 to the
first ground plane 361 is preferably effected using thin filmdeposition

t echni ques and/or thick filmscreening techniques. 5 Block 915, then
transfers.control to block 920. I.n bl ock 920, the conductive signal |ayer
380 is attached to the first dielectric |ayer 371. Attachnment of the
conductive signal layer 380 to the first dielectric layer 371 is preferably
effected using thin film deposition techniques and/or thick film screening
t echni qQUESen BLAGK. 1838yr t hen transfers control to block 925. 10 phienal ock
925, the conductive signal layer 380 is patterned to formthe first,

second, and thline®6$] Thédecosibaiaty BISIOMtadkEd, 13 M3 sedond gfouaepnndsszamet hi rd
m cr o- smntch contacts 106, 107, 10 %@and ot her conductors as  pneeded i.n the
m crocireuit thirderommdnlanedpis aiichedia theserone FubstEaiet 45n She Jegige} 004nsitaphed

pref er abl y efthﬁﬁks&nﬁafgpsmfkc%agbgaiAvglaﬂmaaes ih 8 chG 195 SRifSsclfidlssubdl ck [11m

screeni ng techni ques en transfers contr bl ock 930. 15 In
bl ock 930, tH&Ssecond ground pl ane 362 |s attached to' the second substrate

145. Attachnent of_the se ond und o t he, second ,sub ate 145
is preferably effJ@F%ﬁ“ﬂ%‘f?F@“{ ecf“i“f %&zﬁi ﬁse[cgléc}mmg dgﬁ%ﬁgﬁ t hi ck
film screeni ngbaed i B EnduBliRCighB P{érfm hrfdomé fiest Snc Setbid broludl Plagesk 935.
In bl ock 935, the second dielectric [ayer 372 is attached to the second

substrate 20 363562 farmcqhasirnoak shielfed %’@é@ﬁéi%lh’éq cetipiFegureds &igusy 2 shoyst he

second substr § Sactt ?ﬁh ie &dﬁsﬁﬂtﬁ@ 145 ﬁlfa{eg with ﬂ:el’éflln%gie} %|pg°(;v&de|§%$? ﬁ@lﬁ on

t echni ques a m SCr een ues

t r ansf er s coris eleémmlybbmkte&mm mhrdmiranks sectnd gtolnﬁdplemdm The| exeeptifar | ayer
372 is &ter ed to create.the caV|t 115, éhe sup-cha Ene 125, ang t he
Tain chan ogyasircoay Eansmissiogling st R P Rp s ricte t, sseongdyas1

preferably eftﬁﬁ&sxgmu&ida&oﬁsbwsmm S BR&bstvith 108G viniItsy Sitttufded! Ick film
screeni ng techni ques. Bl ock 940, then transfers control to bl ock 945. In

bl ock 945, t Irendustarhat souad potential. Iayer 372 is attached to the conductive
stanal | ajer 380 g Sl el 051l AT R ARRAALI A WfigaCH TNt

of the second dielectfic he conductl ve i ayer 380 and
first diel ectwm}cﬁxkayaéctﬁc?l&ydrmmtsps eﬁem%bamefb‘ewmm hatdngodaddlthafml rcuit

constru Ct I ond ‘Sctrg?cl ﬂ'ﬁetier\,\gy mcrléys?nvénthet gfﬁglgrﬁ:y of the %eater 100. The heater cavity 115

is formed in the second substrate 145. The dielectric layers 371,372 are completely

shielded electrically by the combination of the second and third ground planes 362,363.

Note that the heaters 100 could also be placed on the first dielectric layer 371, and the

heater cavity 115 could be formed by the absence of the second dielectric layer 372 above

20  the heater 100. First and second heater contacts 101,102 which supply electrical power

to the heaters 100 are not shown in Figures 3-5 but could be fabricated on top of the first

dielectric layer 371 with vias through the second dielectric layer 372 to connect electrical

power to the heaters 100 which are fabricated on top of the second dielectric layer 372.

Figure 6 is a drawing of a side view of the heater 100 actuated, liquid metal

25  micro-switch 105 at section B-B of Figure 3 in an alternative construction. Figure 6

shows a cross-section taken through one of the heaters 100 of the liquid metal micro-

switch 105. The first ground plane 361 is attached to a first substrate 140 with the first

dielectric layer 371 being attached to the first ground plane 361. The first substrate 140

could be, for example, 96% alumina ceramic. The first dielectric material is preferably

30  KQ-1200rKQ-CL907406 mentioned above. First and second heater conductors 701,702
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ordinary skill in the art. Block 945, then term nates the process.
Attaching the heaters 100 in the liquid netal mcro-switch 105 has not been
s discussed in the above but could be effected vi.a conventi onal ]

di e-attachnent nethods typically follow ng the patterning of the second
dielectric layer 372 in block 835. Oher 5 processes nornally associ ated

Wi th such circuits, as for exanple wire bonding to the heaters 100, could
al so be performed at the appropriate tines. Insertion of the liquid netal
130 in the main channel 120 al so has not been discussed in the above ‘but

coul d be gh&arlad. Yhomoionvent i onal nmethods typically prior to atiageri ng the
third ground plane 363 and the second substrate 145 to the second gr-ound

pl ane 362 and asaf@etdd @b et dielecttialager 370 addiakeAlqetricakyoytaerty dretheger 100 t he
enbodi nents as described in the present meni oveyr pri ] iquid

t_doc
metal i cro- sWhighislsostiaghed f¢ the; firgt qlﬂeqt%ﬁ?éejgfayéo e§oRcsrRpRG, plane 862 1s
m cro- sw tche%u;éﬁédfyan@ahé ¥t théWeLorld Vb ERRTUE UeHitiPAsPoufiYeStof Bhnipl, 96041 i | M

m crowave nodules. This integration i s useful for applications requiring
hi gh : frequencyunsina terdrhicg 'llhi setand dislegirid layes (332 dsf attathedtte theadther side af then. A

m crowave 1304B- s éé‘%’ ﬁ%tf E\ﬁcfrvétyﬁgs f&§ e’%‘o 24t Bx@lfapﬁ-géﬁ OlvelRhay theE

di scl osure SVP I nve on een descrl bed

in detail in rcﬂrhﬁtdnanfréxﬁ ttlUsﬁE@i’drs&lShthﬁﬁGdl ARiih $n bpvedtioaf the tdvatydes o filkkad
enbodi nents have been Eresent ed “X%Of exanpl e and not by way of

limtation. |twithasgasdd Wh&émfera‘dyﬁlso basen @Rlit Brsas for e%ai@laamow t st
vari ous Chang%ﬁc ydxagcqu(?ag'uf 57 RE afifh Ogé‘ ng%%é@ FHrott L SRS )

enbodi ments resu I val ent e remal ns mnthln t he
scope of the apmmmoamz arml to the @rst dielettAt MgerBAT Mh&ﬂmﬁc sealsa$ apprapdiates: 1. A
l'iquid ITEHSH rgtglggngssv\n Lch 15gorrpr I sing: 2
The resistive heaters 100 are deposited on the first dielectric layer 371, which acts
as a thermal barrier between the heater 100 and the first substrate 140, thereby increasing
the efficiency of the heater 100. The heater cavity 115 is formed in the second dielectric
layer 372 which is attached to the second substrate 145. The dielectric layers 371,372 can
15  be almost completely shielded electrically by the combination of the first and second
ground planes 361,362. Firstand second heater contacts 101,102 which supply electrical
power to the heaters 100 are not shown in Figure 6 but could be fabricated with vias
through the first dielectric layer 371 to connect electrical power to the heaters 100.
Figure 7 is a drawing of a side view of the heater actuated, liquid metal micro-
20  switch 105 at section A-A of Figure 3 in an alternative construction. Figure 7 shows a
cross-section of the micro-switch 105 taken through the main channel 120. In Figure 6,
the first ground plane 361 is attached to the first substrate 140 with the first dielectric
layer 371 attached to the first ground plane 361. The first substrate 140 could f)e, for
example, 96% alumina ceramic. The first dielectric material is preferably KQ-120 or
25  KQ-CL907406 mentioned above. Second ground plane 362 is attached to one side of the
second substrate 145, which also could be, for example, 96% alumina ceramic. The
second dielectric layer 372 is attached to the other side of the second substrate 145 with
amain channel 120 having been formed by the appropriate removal of material from the
second substrate 145, Again in operation, the main channel 120 is partially filled with

30  aliquidmetal 130 which could be, for example mercury 130, an alloy comprising gallium
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a first substrate; 4 a first ground plane attached to tile first substrate;
, 6 afirst dielectric layer attached to the first ground plane; 8 a

- conductive signal layer attached to the first dielectric layer and
patterned 10 so as to define first, second, and third signal' conductors
havi ng respectively first, second, and thi rd mcro-swtch cont acts; 12 a
second dielectric layer attached to the signal |ayer conductors and to the
14 first dielectric layer; 16 a second ground plane attached to the second
dielectric layer; 18 a second substrate attached to the second dielectric

| ayer andhghassoagnai@agiity; 20 a third ground plane attached to thmNsecond
substrate; 22 a heater positioned inside the cavity; 24 a nmain channel
partially fil 180 onother apprdpgiaiediquigt Jhe swhmdaﬁlnctnhbymm I%ta@m'dmlélb first
enconpasses t ntacts .chanpe %p ng the

cavity and mgﬁlgﬁéﬁgﬁﬁ%m&l‘é%ﬁnﬁwﬁgs £ F9p§°p§’§{aetai§m83¥/ P ac%\ [}ﬁr ¢hannel

and wherei n hgad8d, A8 thivBini@sWREC QN0 106,807,008 £¢l bitached 10t dndrsedonand
second micro-switch contacts and a short circuit 30 bet ween second and

third m cro- swidestricdaysrseil 372 and tqthe S¢Cpeﬂﬁu§StFP#tléﬁ AFERPFOpriati Aeshoya in®eited in
claim1, further e an
addi ti onal éJcaV| resg&ﬂw‘%ﬁ%g%%r%tﬁgﬁg? thﬁﬂ‘ﬂi ?a%lglﬁﬁés:}? ;éllrt]l'hk ﬁﬁ?&d g‘i% ![n I onal
cavity and malnﬁczﬁ s&ﬁrﬁhmeﬁtactyvlmm7rtogﬁmeadxﬂﬂe thimdahicesvifch chm'ad'tkles #&dapienhi onal
cavity and the additjonal.sub-channel and rei.n acti n..of, th

Cadi 1 onal hosireied. PopediERIRoBEROTIE PR SHat At SChoi. SR A

m cro-sw tch qeptaasS MBH cﬁctﬁh@é&veéﬁ' firsihnld sBQnWRaErolswiteh corfbtsSEIBINY or
m cro-switch contacts. 3. The liquid netal mcro-switch as recited in claim

2, wherein th@e@veammcpmdmdlthlgbmmmsswqhmgteﬁs 107,48. The | i quid netal

mcro-switch as re | | m & &l ayer is
a materi a#&sel ecte ﬁ%ﬂ#‘?’ﬁ@%@%u%lé%{ggf?gbﬁﬁé@w k@lofgh g %{&361}4%6 5.
The |iquid netwhichis preferably fabHcaal fi@n céradici bn siepiesentativeambedimedtithe fiestond 2

dielectric layer is_a materjal selected fromthe up, consi stj.n f KQ 120
and KQ OLo074g8bstgte 141 ameghanic F QR G SO 10 DUdoES TOLBroy e HERA m 1

wherein the a%golﬁegan%n eﬁp(:ﬂga%ns the casJ'Qﬁh bdneHtidnaTRli@bcifBufis, O § Vitdi GFm@ef, €C/ ted

in claiml, ntheliquid -2
the second ground plane 362 is prefcrably printed on top of the second substrate 145

15  whichispreferably fabricated from ceramic. In a representative embodiment, the second
substrate 145 is a mechanical carrier for the microcircuit 110 but does not provide signal
propagation support, as is the case with conventional microcircuits. Various techniques
are available for the placement and patterning of the dielectric layers 371,372, the ground
planes 361,362, as well as any conducting layers, as for example the conductive signal

20  layer 380, between the first and second dielectric layers 371,372. Preferably the dielectric
layers 371,372, the conductive signal layer 380, and the first and second ground planes
361,362 are deposited via thick film techniques, patterns are defined photo
lithographically, and the layers etched to form the desired patterns. The dielectric
materials are preferably KQ-120 or KQ-CL907406 mentioned above. Hermetic seals are

25  preferably provided appropriate at mating surfaces 150.

Figure 8 is a drawing of a flow chart of a method for constructing a heater 100
actuated, liquid metal micro-switch 105 -in a microcircuit 110 as described in various
representative embodiments consistent with the teachings of the invention.

In block 810, the first ground plane 361 is attached to the first substrate 140.

30 Attachment of the first ground plane 361 to the first substrate 140 is preferably effected

-16-



2 metal is selected fromthe group consisting of nercury and an all oy
conprising gallium 8. The liquid nmetal mcro-switch as recited in claiml1,
wherein the first 2 substrate a ceramic material. 9. The liquid netal
mcro-switch as recited in claiml, wherein the second 2 substrate a gl ass
material. 10. The liquid metal micro-switch as recited in claimi1, whierein
the second 2 substrate is hernetically sealed to the second ground pl ane.
11. Aliquid netal mcro-switch, conprising: 2 a first substrate; 4 a first
ground plane attached to the first substrate; 6 a first dielectric |ayer
attached ,[.Q..bh&:dd {ofhos9r ound plane; 8 a conductive signal |ayerpgaifached to
the first dielectric layer and patterned 10 so as to define first, second,
and third sighahg tﬁﬂﬁﬂﬁ%ﬂfsﬁmh@ééhﬂguefsQﬁcpéi(thmk’ﬁlni\(sci'dehﬁlgIech‘ﬁiqmdBloa]adlﬁ hird

m cro-switch contacts; 12 a second substrate; la a second ground pl ane
attached to tHen FawsnscantiBloblack8156 a second diel ectric |ayer attached to
the second Subst rafgiocRatd, e sk GRkLdiY 1aydk 37 PRAALLAG Mdirki Groui@plah{ 4.
dielectric |ayer; - 4 heater posi |on I nside the Cavity; a main
channel part i Atththxfe’nt ofttle Wirst Hiekectric d|aycd37ietb dhe, ﬁmhgmmdpla.rtee%l nsprefezsbl hannel
enconpasses m.cro-swi t.ch contacts conn

cavity ang maF cﬁqqéﬁWélﬂ“n\ﬁE‘Btdé?%m&néﬁgmﬂﬁs aQE)fJ’ﬁg“ .Vregﬂl&g g"(?bmgﬁeihnel and
wher ei n heat eBjRE 814 Men UAnsrors Aol d YIRRB2806 circuit between first and -
second mcro-switch contacts and a short circuit between second and third

m cro-switch cont atbdock1820, thieonduetiviesigmal layer A8 iscattapied dp thedfirptedislecttdc | n
claimll, fur}p & ﬁorm{ablﬁh%g&fﬁme%gn %gﬂire{)h ﬂa Q—eﬁro% tﬁ)e0 s{ hl@{égtg j de an

addi ti onal cav an Iona connec I tional
cavity and masm Es praferabd) effovkedr wing thin aﬂﬁildbpcmhﬁah teetmiduied hﬁd/bmmdkdﬁilm i onal
cavity and t he addltlona{% Lééq?ihannel and, wherei n actiyvation of the

S

addi ti ond® heSfFeningdechpid Sp% ihen trangfess CB‘étTQXEb 0 nd and third

m cro-switch cont aghf RS, &eé&%&uv% gﬁmdyemnm%zﬁemronam fRRCREh,
mcro-switch contacts. 13. The mefall mcro-switch as recited in

claim 12, wheans third pignal camhhpmrscaﬂéﬂob&@ﬂ ifigst sécond gad thid4nicrpewitch gontectiret al
m cr o- svmtch ed | claim 11 the firsgt : | ayer
is a materi aI {@gtog gqx}gucéqrﬁ)hspnegg%# |n?'}8°811r°u§(¥§“zga“ is 1{%?%[_907406.
conductive signal layer 380 is preferably effected using thin film deposition techniques
15 and/or thick film screening techniques. Block 825, then transfers control to block 830.
In block 830, the second dielectric layer 372 is attached to the patterned

LI

conductive signal layer 380 and to the exposed areas of the first dielectric layer 371.
Attachment of the conductive signal layer 380 to the patterned conductive signal layer
380 and to the exposed areas of the first dielectric layer 371 is preferably effected using

20  thin film deposition techniques and/or thick film screening techniques. Block 830, then
transfers control to block 835.

In block 835, the second dielectric layer 372 is patterned to expose first second,
and third micro-switch contacts 106,107,108 and other conductors as needed in the
microcircuit 110. Patterning of the second dielectric layer 372 is preferably effected

25 using thin film deposition techniques and/or thick film screening techniques. Block 835,
then transfers control to block 840.

In block 840, the second ground plane 362 is attached to the second dielectric
layer 372. Attachment of the second ground plane 362 to the second dielectric layer
372 is preferably effected using thin film deposition techniques and/or thick film

30  screening techniques. Block 840, then transfers control to block 845.
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1S The liquid netal mcro-switch as recited in claim11l) wherein the
second 2 dielectric layer is a material selected fromthe group consisting
~of KQ 120 and KQ CL907406. -24 PATENT 16. The liquid metal mcro-switch
as recited in claim1l, wherein the gas is 2 nitrogen. . 17. The liquid
metal micro-switch as recited in claim1l, wherein the liquid 2 netal is
sel ected fromthe group consisting of nercury and an all oy conprising
gallium 18. The liquid nmetal micro-switch as recited in claim1l, wherein
the first 2 substrate a ceramic materidl. 19. The liquid nmetal mcro-swtch
as recit eghilnfbotdo. Moodbyr Wherein the second 2 substrate a ceram ceammreri al .
20. The liquid nmetal mcro-switch as recited in c¢laim1l, wherein the

second 2 SUbStratanl%clhwmﬁieloﬁﬁtylMS&‘eﬁt&ledeﬂﬁsuﬁmﬂmbmﬂargmbumﬂ, ap&ame 21.
A nethod for fabricati ngoa liquid petal mcro-switcgc

attaching a fiTaechyg #E 5W'éteil B the %eF?’%‘tsu‘é,ﬁffB@tlf‘%t@‘e C&VIET ltléé?rtﬁ%‘eate’fsl rst
dielectric |aygyp he dibftﬁqaﬁﬂeisﬁtzs%am%m el P24k Bl (Re SOOMIUGEINMER Si gnal

| ayer to the firs ctric layer patterning the .conductive signal
| ayer so as t dl4fgfefarably usinghybsddmnid conatmertivotechriiques weljkowndoertef erdingrynavi ng

respectively f sec d.third cr tacts; 12 attaching a
second di e%ects:k'l @“Iﬂé %]Sdqu%gs?m {g%gﬁsacong?ﬁlgﬂ %’ﬁ)%gﬁgl gnal -25 14
conductors and to mlnmoéussm; thd ititdeedund @lana§63 is atdzhabioltley sabdid sibseraeadsnd
dielectric layer so as to define at |east one subchannel and

channel ; 18 atAtashwenj of thethird Ergpmd manei6d e thepseeond sibstmte 147 @'@W’b’ | ayer ;
effected using thin film deposition techniques and/or thick film screening techniques.

Block 850, then transfers control to block 855.

10 Inblock 855, the third ground plane 363 and the second substrate 145 are attached
to the second ground plane 362 and second dielectric layer 372 as appropriate.
Attachment of the third ground plane 363 and the second substrate 145 to the second
ground plane 362 and second dielectric layer 372 is preferably effected using hybrid
circuit construction techniques well known to one of ordinary skill in the art. Block 855,

15  then terminates the process.

Attaching the heaters 100 in the liquid metal micro-switch 105 has not been
discussed in the above but could: be effected via conventional die-attachment methods
typically following the patterning of the second dielectric layer 372 in block 835. Other
processes normally associated with such circuits, as for example wire bonding to the

20 heaters 100, could also be performed at the appropriate times. Insertion of the liquid
metal 130 in the main channel 120 also has not been discussed in the above but could be
effected via conventional methods typically prior to attaching the third ground plane 363
and the second substrate 145 to the second ground.plane 362 and second dielectric layer
372.

25 Figure 9 is a drawing of a flow chart of another method for constructing a heater
100 actuated, liquid metal micro-switch 105 in a microcircuit 110 as described in various
representative embodiments consistent with the teachings of- the invention.

In block 910, the first ground plane 361 is attached to the first substrate 140,
Attachment of the first ground plane 361 to the first substrate 140 is preferably effected

30  usingthin film deposition techniques and/or thick film screening techniques. Block 910
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20 creating a cavity in a second substrate; 22 attaching a third ground

pl ane to the second substrate; 24 attaching a heater inside the cavity; 26
' partially filling the main channel a liquid netal, wherein the main .
channel 28 enconpasses the micro-switch contacts; 30 attaching the second
substrate and the third ground plane to the second ground plane and the
second dielectric layer. 22. A nethod for fabricating a |liquid netal

m cro-switch, conprising: 2 attaching a first ground plane to a first
substrate; 4 attaching a first dielectric layer to the first ground pl ane;
6 attachi QgentoR@NdUokdovie si gnal |ayer to the first dielectric | ayesNr 8
patterning the conductive signal |ayer so as to define first, second) and
10 third si gnahemteansfarstcontsolh@blocig9i5especti vely first, second, and third

m croswi tch contacts,;. - 2 attachin .secaon L oun I t second
substrate; 14 att a&"h’?lﬂﬂ‘%iSggﬁéﬁﬁﬁﬂ?‘%“’g@f"??@ ¥ %fﬁ?gp‘%tt thfﬁggi%rg%'gd;]?gmggggt rate;
16 patterni ng AfRhaeaUThe 8! BELIHE 13N 16 hedBstigloud@piane 361 Bapréfedblyat
| east one sub-channel, and a main channel; 18 attaching a second dielectric

| ayer to firsteffegted using thimfilm f¢positien tgakriques aedierdbick Sl seraeningoteehmiques.r st
dielectricela ' ' r.bélsi de the cavity; 24 partially
filling th% né%“c%éhﬁtglgﬁéﬂrﬁgﬂoﬁggﬁkgﬁbmerei n the mai n channel
enconpasses$ the m @ bloskd26; hhecontuntivs sigmad dhy26380t it aitdvhedytot the fisse distedtric

el ectric | ayer 5  BRatOnarSt b SomhliR signdiE)er 380 od e o ekl e

AT A9 AND. A 471143 phlstralf. Aitbtclusifl fin ifh: Alobiith ReciiigiRs AP hid mAUL. AL

AL, . AsR AsL. A(9. Al'Ly. A@. A& }/&QQ {5Qx9: >
screening techniques. Block 920, then transfers control to block 925.

10 Inblock 925, the conductive signal layer 380 is patterned to form the first, second,
and third signal conductors 306,307,308, first second, and third micro-switch contacts
106,107,108, and other conductors as needed in the microcircuit 110. Patterning of the
conductive signal layer 380 is preferably effected using thin film deposition techniques
and/or thick film screening techniques. Block 925, then transfers control to block 930.

15 Inblock 930, the second ground plane 362 is attached to the second substrate 145.
Attachment of the second ground plane 362 to the second substrate 145 is preferably
effected using thin film deposition techniques and/or thick film screening techm'ques.
Block 930 then transfers control to block 935.

In block 935, the second dielectric layer 372 is attached to the second substrate

20  145. Attachment of the second dielectric layer 372 to the second substrate 145 is
preferably effected using thin film deposition techniques and/or thick film screening
techniques. Block 935, then transfers control to block 940.

In block 940, the second dielectric layer 372 is patterned to create the cavity 115,
the sub-channel 125, and the main channel 120, Patterning of the second dielectric layer

25 372 is preferably effected using thin film deposition techniques and/or thick film
screening techniques. Block 940, then transfers control to block 945.

In block 945, the second dielectric layer 372 is attached to the conductive signal
layer 380 and first dielectric layer 371 as appropriate. Attachment of the second
dielectric layer 372 to the conductive signal layer 380 and first dielectric layer 371 is

30 preferably effected using hybrid circuit construction techniques well known to one of
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a first substrate;

4
a.ﬁrst ground plane attached to the first substrate;
6
a first dielectric layer attached to the first ground plane;
8
aconductive signal layer attached to the first dielectric layer and patterned
10 ‘ so as to define first, second, and third signal conductors having
respectively first, second, and third micro-switch contacts;
12
. a second dielectric layer attached to the signal layer conductors and to the
14 first dielectric layer;
16 a second ground plane attached to the second dielectric layer;
18 a second substrate attached to the second dielectric layer and having a
cavity;
20
a third ground plane attached to the second substrate;
22
a heater positioned inside the cavity;
24
a main channel partially filled with a liquid metal, wherein the main
26 channel encompasses the micro-switch contacts;
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0(%2 & ()-\d* " " aczX6~] ;The liquid metal micro-switch as recited in claim 1, further comprising;
"9 10% 7& ()-! " "9! 1097 7& ()-1} "9r10%@m ()-! "9!10%ae& ()-LLM 10%& ()-!
LLM 109aT& ()-ccccccdNef ~\: 111t 110% ;& ()-L19 " 110%}& ()-!V9 "110%& ()-
10 10 an additional heater positioned inside an additional cavity;

an additional sub-channel connecting the additional cavity and main
6 channel, wherein an additional gas fills the additional cavity and the
additional sub-channel and wherein activation of the additional heater
8 forces an open circuit between second and third micro-switch contacts

and a short circuit between first and second micro-switch contacts.

3. The liquid metal micro-switch as recited in claim 2, wherein the

2 additional gas is nitrogen.
4. The liquid metal micro-switch as recited in claim 1, wherein the first
2 dielectric layer is a material selected from the group consisting 0of KQ-120

and KQ-CL907406.

5. The liquid metal micro-switch as recited in claim 1, wherein the second -
2 dielectric l1ayeris a material selected from the group consisting of KQ-120
and KQ-CL907406.

6. The liquid metal micro-switch as recited in claim 1, wherein the gas is
2 nitrogen.
7. The liquid metal micro-switch as recited in claim 1, wherein the liquid
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a first substrate;
-4
a first ground plane attached to the first substrate;
6
a first dielectric layer attached to the first ground plane;
8
a conductive signal layer attached to the first dielectric layer and patterned
10 so as to define first, second, and third signal conductors having
respectively first, second, and third micro-switch contacts;
12
a second substrate;
14
a second ground plane attached to the second substrate;
16
a second dielectric layer attached to the second substrate, having a cavity,
18 and attached to the first dielectric layer;
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22 channel encompasses the micro-switch contacts;

24 a sub-channe] connecting the cavity and main channel, wherein a gas fills
the cavity and sub-channel and wherein heater activation forces an open
26 circuit between first and second micro-switch contacts and a short circuit

between second and third micro-switch contacts.
12.  The liquid metal micro-switch as recited in claim 11, further comprising:
an additional heater positioned inside an additional cavity;

an additional sub-channel connecting the additional cavity and main
6 channel, wherein an additional gas fills the additional cavity and the
additional sub-channel and wherein activation of the additional heater,
8 forces an open circuit between second and third micro-switch contacts

and a short circuit between first and second micro-switch contacts.

13.  The liquid metal micro-switch as recited in claim 12, wherein the

2 additional gas is nitrogen.

14,  The liquid metal micro-switch as recited in claim 11, wherein the first
2 dielectric layer is amaterial selected from the group consisting of KQ-120
and KQ-CL907406.

15.  Theliquid metal micro-switch as recited in claim 11, wherein the second
2 dielectric layer is amaterial selected from the group consisting 0of KQ-120

and KQ-CL907406.
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10

12

16.

17.

18.

19.

20.

21.

The liquid metal micro-switch as recited in claim 11, wherein the gas is

nitrogen.
The liquid metal micro-switch as recited in claim 11, wherein the liquid
metal is selected from the group comsisting of mercury and an alloy

comprising gallium.

The liquid metal micro-switch as recited in claim 11, wherein the first

substrate a ceramic material.

The liquid metal micro-switch as recited in claim 11, wherein the second

substrate a ceramic material.

The liquid metal micro-switch as recited in claim 11, wherein the second

" substrate is hermetically sealed to the second ground plane.

A method for fabricating a liquid metal micro-switch, comprising:
attaching a first ground plane to a first substrate;

attaching a first dielectric layer to the first ground plane;

attaching a conductive signal layer to the first dielectric layer;
patterning the conductive signal layer so as to define first, second, and
third signal conductors having respectively first, se¢ond, and third micro-

switch contacts;

attaching a second dielectric layer to first, second, and third signal
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14 conductors and to the first dielectric layer;
16 patteming the second dielectric layer so as to define at least one sub-

channel and a main channel;

18
attaching a second ground plane to the second dielectric layer;
20
creating a cavity in a second substrate;
22
attaching a third ground plane to the second substrate;
24
attaching a heater inside the cavity;
26
partially filling the main channel a liquid metal, wherein the main channel
28 encompasses the micro-switch contacts;
30 attaching the second substrate and the third ground plane to the second
ground plane and the second dielectric layer.
22. A method for fabricating a liquid metal micro-switch, comprising:
2
attaching a first ground plane to a first substrate;
4
attaching a first dielectric layer to the first ground plane;
6 .
attaching a conductive signal layer to the first dielectric layer;
g .
patterning the conductive signal layer so as to define first, second, and
10 third signal conductors having respectively first, second, and third micro-

switch contacts;
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14 attaching a second dielectric layer to the second substrate;

16 patterning the second dielectric layer so as to define a cavity, at least one

sub-channel, and a main channel;

18
attaching a second dielectric layer to first, second, and third signal
20 conductors and to the first dielectric layer;
22 attaching a heater inside the cavity;
24 partially filling the main channel a liquid metal, wherein the main channel
encompasses the micro-switch contacts; and
26
attaching the second dielectric layer to the conductive signal layer and to
28 the first dielectric layer. :
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