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m cro- el ectronechani cal system (MEMS) sw tches, and
nore particularly tegs.a VB_swiat ch at allows for
control |l ed actuati O@WRIY?E@%@ M%f‘ééj&é(l ess than 10V)
whi | e nai nt ai nj 10g00d switgh charagteristics such
he | solation aNHGrORETRetaifer TRl St b Round At
15 Wrel ess conmuni cati on devices are becom ng

i ncreasingly popular, and as such, provide
significant business opportunities to those with

technol ogi es that offer maxi mum perfornmance and
Mﬂmﬂi_%_!ﬂﬂs. A successful wireless conmunication
devi ce provides clean, |ow noise signhal transm ssion
and reception at a reasonable cost and, in the case 20

of PIoE HABdhtdRNEABSN ISRBIAABEOWhidtol QWcROMREChanical system
consunption to maxi mze battery lifetine. A current
(MEIMS)rowvitctass arsl rwrepeasticulardyakd ya MG rsatiech #hdt albews for
conponent s needed for wirel ess co ni cation onto one. .
GaTEO S St Fieivith iy oRiages e 1er [P ¥R e marntaining
%c%;d s@MEhSe a‘@?ér]i?ﬁiC?QU@Q%‘SWEO%@f&PéH@%Wingéﬁc@ﬁ.loss.
onponent of a wi rel ess communi cation device that is
not nonolithically integrated on the ICis a switch.

Swi tches are used for alternating between transmt
and receive nodes and are also used to sw tch

éh“‘g'rd pg| R@% wor ks for channel discrimnation. Wile

0O switches do exist and coul d possibly be
integrated nonolithically with other |IC conponents,
the noderate performance and relatively high cost of
t heWéradess cheymbakcaton devices ang hasoaniggtincreasioghy: popular,
el ectr 0”1?1 hani cciil .V\D.TZOO /019362 PCT/ US2002/ Q27115 .
and as such, provide significant business opportunities 10 those with
technologies that offer maximum performance and minimum costs. A
successful wireless communication device provides clean, low noise
signal transmission and reception at a reasonable cost and, in the case
of portable devices, operates with low power consumption to maximize
battery lifetime. A current industry focus is to monolithically integrate
all the components needed for wireless communication onto one
integrated circuit (IC) chip to further reduce the cost and size while

enhancing performance.

One component of a wireless communication device that is not
monolithically integrated on the IC is a switch. Switches are used for
alternating between transmit and receive modes and are also used to
switch filtering networks for channel discrimination. While solid state
switches do exist and could possibly be integrated monolithically with
other |IC components, the moderate performance and relatively high cost

of these switches has led to strong interest in micro- electromechanical
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systenms (MEMS) switches. MEMS switches are
advant ageously designed to operate with very | ow

w@owenisensunpti on, offer equivalent if not SEEEUSIN2G027115

performance, and can be nonolithically int egrat ed. 5

%ygv]en%s %F&'f’ yWEM%S ﬂggr r%vé‘él | ggaﬂgﬁedesighed

er al year n| ca ave

idmﬁdméewnum Q@F)p w\ﬁtpomarl dﬁr@;u m\M’ @h e@ﬁerd@qu RefentGieiot
technical problemis the reliable actuation of the

suipereor petfagaancaeand catdbemnorelithésallyrintegpatedl em i s
exacerbated wwth the use of |low switch actuation
vol tages, as is the case when these 10 devices are

i ntWNI@t m@mtsm.aﬂﬁr}wé b&r@*ﬂu‘n@l%r%ﬁf@at?d’rﬁfdraﬁ\%ral years,

voltage signals are typically less than 10V. Prior
techni&Nprobilerols I'mam @eiaybd\;tbelrhemmedmilel mcbqoqmad)mmlmto
rel I switc Iowactg%lon vol t ages

dolthe s i dBtna L preb (imas s refiriantiagion of the
é\f?ﬁéh Mwbéﬁlt%'&f‘anégﬁ&kfét%t ' pr&é by %‘x?éérblar’]ced with

desi gn of a prior art SVVIt 'S I ustra

Hiegsse of fouvt BwitdEVBcRusitiarhvbltages as isaihe @ésepwhehlthbse
| ectrodes 11 and 14 that are separated by a th
?‘é'P@%tal"F dnfegyared withhadwanegd |G &Bm WGE fayali@vle voltage

havared by, ALELFRIL a1 30907 E8olart FENSISHE dekfins have

rane or nova can

beeﬂﬂamlab&?é ky pHoviRleatibld Buitcdime at %\ﬁ@d’t@éﬁoﬂl/dlfa es and
bonded to substrate 10 and is not free to nove. \YS

BANVEE KoBsHa tuividlel satislpingt swideh imsarsion lospeamnd isolation

?ﬁ%él}ﬂ %ﬂOFI g. 1A) or closed (as shown in Fig. 1B). In
8 Q?ate an air gap is present between

el ectrodes 11 and 14 and the capacitance between 25

these electrodes is low In this state, an RF signal
appAitypicad desegn obdepridd anoMEMBawiteh &f fllestiatedyin Figs.

bR S SR B oo Sopat Pl et iEnd i tha
gk:g% %%ﬁé(ﬁ)]ytéufﬂ rflérel r@”lage?ri gﬁgﬁ@{;&ggﬁ@gﬁéawty 13,
botihtet eycard éctri s tamdots Db elRettrode 14 is mounted on a
membrane or movable beam which can be mechanically displaced. The
other electrode 11 is bonded to substrate 10 and is not free to move.
MEMS switch 5 has nominally two states, namely, open (as shown in Fig.
1A) or closed (as shown in Fig. 1B). In the open state, an air gap is
present between electrodes 11 and 14 and the capacitance between
these electrodes is low. In this state, an RF signal applied to electrode
14 would not be effectively coupled to electrode 11. MEMS switch 5 is
closed by applying a DC electrostatic potential between the two
electrodes 11 and 14, which displaces the movable electrode 14 to
reduce the gap distance or make intimate contact with the dielectric
layer 12 covering opposing electrode 11, as shown in Fig 1B. Dielectric
layer 12 prevents shorting the DC electrostatic potential between

electrodes 11 and 14 and also defines the capacitance of the switch in
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30 | ayer 12 covering opposing electrode 11, as shown

in Fig 1B. Dielectric layer 12 prevents shorting the
wehoeloestz ost ati ¢ potential between el ectrodeBC/USENZI027115

14 and al so defines the capacitance of the switch in 2

R AR TRRRRE o S ST e
éa}mwah@@qmréwe%aaﬂa , Al IRE ﬁ?na:oﬁlél@@ﬂroaé 2] eﬁécﬂd@ly
ffectively couples to electrode 11. To deactivate

aduplewito chectrode eJJ]ecEF oadeantivate ﬁbe emitcll, the eleefsostatic

foteli fo renoVer nne TheteglpraRa TPE LearD tpainebyanically
BUMEED lttsf}?n%%fa? ﬁb@ltlor? el rre@?@r% gé‘ﬂ?‘l@vﬁétwé@'\'ﬁléﬁbﬁé}m

evi ces tion, are snal and effects such
e&ecﬁodbectl—ﬂmwewﬂmﬂ\@ihﬁl@ amdchtdenvlcnecm txyfd@‘mutmwera‘rersenall and

ththe el jabl e. activation and deactjvation of th
s SN dl&je%t%ﬂh%ﬂ&b'@%a”df C"é%lot“@é‘t ngRdel i the

%ﬁ%lé%{ﬁ%ﬁégﬁa{pﬁ gégg i/%h@ﬁ’ | ﬁ %IQlS:QWH' cRd hBFbyd above,

evi ces es a cannot rell

far iapp|icebisihsprhete IH]IEU\/IS/ENBtd‘WstMSed:m pde&lbg}@s t hat
insure reliable swtch deactivation, unacce tab
egMucatigasdaviees.die suRply moHiages mblowved f»%'é@@t rellably drive

Y5 SR P RGBS e R R e
vgdtheator <'7l)/rﬁi43(cc3e%>’taIEI@IThlf'gﬂI VRl g ssavet rfélﬁ]ullfecBCFlu rYiaérinadre,

t he menbrane or novable beamis fabricated to have a
these vitggesansist Wi mnrmcbca\s@rsthehlefeihm@ iof dlde st ekt dae to a

gt RO Rro TR e VBRI D 1 neleBIEREEh
SISO RREEOIRD b I P e g o

stsffnesywadchldoreased the 2aqEved abtwatldmn@/otilagemd subsequent

position. Myreover, MEMS_sw tches used in t abl e
damage: oat edectais ovarsoal d¢ - r Bauever, Qe thstigkiens edaw

LA e BV AT SL Ut pRRhre wi
pbepEIdRtihted WHRVER gcBl£Gdh 9drtagé is removed, leaving the
switch in the closed position. Moreover, MEMS switches used in portable
communication devices also require low on insertion loss and high
off-state isolation, which, in part, dictates the gap requirements between

stationary electrode 11 and movable electrode 14.

To date, there is no known manufactured MEMS switch device that
satisfies the reliability, low drive voltage, low power consumption, and

signal attenuation requirements for portable communication device
applications.
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25 To date, there is no known nmanufactured MEMS switch
device that satisfies the reliability, |ow drive

wo elstagss2 | ow power consunption, and signal PCT/US2002/027115

attenuation requirenents for portabl e conmunication
BRBRuEBP e Bon 1700 2 O the 1 nve

cl osure of the Invention
Accordingly, it is an object of the present
application to provide a MEMS swtch having

el ebeeoibipgbnét ti arhigctaefl Weppiesenbappbicatigs t® provide a
KNg . veabl e beam or nenbrane to open close
G e RE e Sle S Res e Biet by AR BRipitage
&idipB hNAbvESSRUBEAS dhfienfiidtRi @Y o?éﬁ’ aReAokE i Bit.
RF signal gap area. 10 It is yet another object to
provide a MEMS switch.,that has the conbined
adv L ar i S Qf £1 It f
i o S ERaBt oBiedt @hRRie B BRI Shteh Rl dtbupleX the
addisatongapeaichifeom( ey RF @Vgnalnsgy afed) [ oss). 15 It is
further object of the invention to fabricate a MEMS
switch that reliably provides a |ow |l oss on-state and
hi git iisseltaiitRePbbjedtabosprovidd 8 MEMS saitichr g haabjrect
to provide a MEMS switch having el ectrodes above and
peMmbinet@dyeatagns abatlageegap in ke tofifepgsitiondfier bigised

20 tiction, f the |l i on_The i.n '
UG ST B s A R e S B o
#eptidRilbgsf abl e menbrane to activate a swtch

contact. The nenbrane incorporates interdigitated

netal el ectrodes which cause a stress gradient in the
me lectric

ane en actuajed with a DC jeld. The
o B Tt dnier Lat fie Mvenaidar oy ste 2o MENS svrch that
AU 18 57BFesCd 18WSoss on-state and high isolation off-state.

It is still a further object to provide a MEMS switch having electrodes
above and below the beam or membrane to overcome problems caused
by stiction.

Summary of the Invention

The inventive design disclosed herein is a MEMS RF switch that uses
a deflectable membrane to activate a switch contact. The membrane
incorporates interdigitated metal electrodes which cause a stress
gradient in the membrane when actuated with a DC electric field. The
stress gradient results in a predictable bending or displacement of the
membrane and is used to mechanically displace the switch contact. One
of the unique benefits of this design over prior art switches is the
decoupling of the actuator gap and the RF gap, which is not the case for

the example shown in Fig. 1, where they are the same. In this inventive
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menbrane and is used to nmechanically displace the
swtch contact. One 30 of the unique benefits of this

walemugm3eyer prior art switches is the decoupPCTysSmn2/027115

t he actuator gap and the RF gap, which is not the case

&8§ n. Flﬁ ) g@;lg%&%%?%%failys%%ﬁéﬁtﬁﬁéﬁb{%egcm&&té?ectrode

g’gﬁ' /aUé‘éZOQEI/Mﬂqu todefis miqidatifbep tiks eaahs chatd |y
segregated fromthe act uator el ectrode gap area. In

elegirassatically hlnssplaﬁeq ue taotdirectiens therebgaitdoghabtivation and

| ectrast atl splaced in two directions thereby
‘3?%{?’% é%'?lov ﬁ’gﬁ% deactivation of the switch. 5

I n one aspect of the invention, there is provided a
m cro- el ectronechani cal system (MEMS) swi tch that

i nclrudee:aspectof the iatentéasttheomés poovidetlias empatoh
|nte'gral to a first surfacgiborder ng.the cavity

a
Plesk %F%Cmﬁﬁbﬁléstﬁa? SMENTS) switah that includepaadavity; at least

Bﬂé%%h'd %tltvlég? act u rlaﬁ]gg eqlﬂcsttrsgfé{‘e%eebgﬁl‘g?fr?%m@ngé{rn@? a

ﬂem«t@mbmbrém plal ghélbicetHeefibst anefdoe l@ond:lerrm%tlw cavay, the
fromthe actuating el ectrodes, the plunger having at

flexible prrmbsanibaring 3w vealdy of @ciarEng eleetrpdas; and a

GRNERT Aok "G P SRRl ARFaRFMAE & Fifleh pidy Bom the
at/aAingebretFRC hRBifahgsy BAGRE (AMEWRS 8Kk tcohdutdive surface

i ncludes: a) a substrate conprising a conductive
tremake elegitdcaluconiast avith thiiat heastcang condgctive patil.;
b) on the cavity, a first sacrificial layer followed
by a first conductive layer and by a second

Congighb¥ferohssi@ Ghel lﬁvéﬁ‘MSﬁ tpeﬁ‘et rARdeqnHftly.e

| ayers being patterned into the orm an 1 nverted
electrarpeahasieabsysieac (MEMS;ilswitahehhapmscludelsed) ansubstrate
cavity .and gl anarj.zed to t surface of t

EQUIRMSING)A GORANEHY P BRetabi |aICﬁ gﬁéfacemteﬁvfaphmsawty is
ﬁ@@%; @58? tﬁHrcfa@ﬁS/ aamglt ShEAKEIA 1hG¥efoI RULLRY Lefi g

0 EXpPos
conductive layer and by a second conductive or dielectric layer, the two

conductive layers being patterned into the form of an inverted ‘T*; ¢) a
second sacrificial layer positioned in the cavity and planarized to the top
surface of the cavity; d) a patterned metal layer on top of the planarized
surface, a dielectric Iayer and patterned via holes to expose said
patterned metal (on top of the planarized surface); e) a conductive
surface filling the via holes and providing a finite thickness above the
filled via holes, the conductive surface being patterned into the shape of
actuating fingers, the combination of a) through ) forming a flexible
membrane; and f) via holes etched through the flexible membrane and
simultaneously providing access slots etched outside of the membrane,

wherein air replaces the first and second sacrificial layers.
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patterned netal (on top of the planarized surface); e)
a conductive 25 surface filling the via holes and

w@eaniotizey a finite thickness above the fill eBCwiUs2002/027115

hol es, the conductive surface being patterned into the

sh . o ) . , : _
t hr B MENSEEEN 39 the P o CRniBr R aRRofyn poptigured
d304 esingtecpete-tdinglesthroe SHEN) &Y s assihgRASoRMGhulti-throw
simul t aneously provi ding access slots etched outside

(SPM hkswisbrishpara el ieanegichioa of thepsigoakinme afi Nsnuanaer of
secaond sacyificial layers., 5 W 2004/019362
%@%ﬁo&?%rﬂ%% switch of the invention can

be advant ageously configured as a single-pole-
single-throw (SPST) or as a single-pole-multi-throw
(SPMI) switch by parallel connection of the signal

[ n of N punb of ., switches for N nunber of throws.
ELEE' MM&MaN ngs These and ot her

obj ects, aspects and advantages of the invention as

10 well as enbodi nents thereof will be better

undetiedeomld @atHembbjediscasmectswinel agwaitages fofahetingention as
fol | ow ng@descrl ption when taken in conjunction W't

h
welb agcsBhpdiyenAts therephydl] berpsifiercundersgeod and milhbecome

PREE SRkAFa G M i Sy e s Gt SRMEhALER iHeorliBnction
WigR RA6tdocehypadyifigterawi RS, aRdyRichep- down vi ew of the

di aphragm acti vated MEMS switch, in accordance wth

t he pr esent inyenti on; 20 Figs. 3A—3B are anot he!r

cr Oﬁgs.sifﬁtl@%r@' 38h&MaBic éi@%r%%f Fiohart MEQISWEch in
to the 1nvention, showi ng the electrostatic attraction
et opem andetlabed sttatespr s resul ting in a bendi ng

curvature of the nenbrane;

Figs. 2A-2B are, respectively, a side view and a top-down view of the
diaphragm activated MEMS switch, in accordance with the present

invention;

Figs. 3A-38 are another cross-section diagram of the MEMS switch,
according to the invention, showing the electrostatic attraction between

metal actuators resulting in a bending curvature of the membrane;

Figs. 4A -4C are side views of membrane/electrode geometries that

may be used with the switches of Figs. 2-3 (for switches in the “on”
state);

Fig. 5 shows an alternative membrane/electrode assembly for the
MEMS switch of Figs. 2-3 (for a switch in the "off" state), wherein
piezoelectric elements are used in between the actuating electrodes

instead of an air gap.
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25 Figs. 4A -4C are side views of nenbrane/el ectrode
geonetries that my be used with the sw tches of

wo2@s/01B68 (for switches in the "on" state); PCTOUSH02/027115

shows an alternative nenbrane/ el ectrode assenbly for
the 30 MEMS switch of Figs. 2-3 (for a swtch in the
"of f i ezoelectric elenents are used

| n ngwé/én633h%|Lﬁ&&aiatstﬂgaéﬂktiﬁnaddw ferred eaao@imentsasshowing

AR R PR g v

(Stg)vasm)gahataer diterieeg; btt@ntaat"emwsmrbmg ébgyve

and bel ow t he menbr ane Fig. 6A) and an alternate
"single contact” MEMS switch (Fig. 6B) 5 Fig. 7

de t t‘g 8b | r ow
comI ng%%@gn N%gs WI lﬁmgﬁo theBsI?eﬁpﬁy'fr%é[Qgé\gary

darfiguaatibact uri ng t he I\/EI\/IS 10 switch of the present

i nvention. Best Mdde for Carrying Qut the Invention To

fully illustrate the unique design of the inventive
SWi Ftngb 8A @K%'hbwdthéﬁéﬁ%ﬁﬁde@ka@nfd?fmbh@fdﬁwﬁr@W'tlﬁéﬂVIEMS
wi || "now be descri bed hereinafter with reference to

witeh opthepreswi icwenons fabricated on a substrate 18
onto which a dielectric 22 is deposited with inlaid
nmetal traces 20. This forns a surface with planar 20

BeSCNuide!for ATy Iplont 1ABIRPERGoRY 2 di el ectric region

Dieleciric space 35 1S bridged by nmetal contact
eI ectrode 30 when the dielectric actuator nmenbrane 60

toutn oy AT Heoua RS HERy O DerBy AT Y SubTRe detailed
JERrAOTS ALY thE MERS B EHS AT b¥ 80ekriB s RERRAGREF with

the two
reference to Figs. 2A ZB.

Device 15 is fabricated on a substrate 18 onto which a dielectric 22
is deposited with inlaid metal traces 20. This forms a surface with planar
conductive electrodes separated by a dielectric region 35. Dielectric
space 35 is bridged by metal contact electrode 30 when the dielectric
actuator membrane 60 deflects downward and causes contact electrode
30 to touch or come in close proximity to metal traces 20. The contact
formed allows an RF signal to propagate between the two metal
electrodes 20 through metal contact electrode 30. Metal contact
electrode 30 is within cavity 250 and physically attached to dielectric
post (or plunger) 40, which in turn is physically attached to the
membrane 60. Cavity 250 is bounded on the sides by dielectric

standoffs 50. Also shown in Fig. 2B are access holes and slots 80 formed

“in dielectric layer 60 which provide a means for removing a sacrificial

layer from cavity 250 and gap area 25 during device fabrication.
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Metal contact electrode 30 is within cavity 250 and

w@bygiocsbt y attached to dielectric post (or pPCmysIp2/027115

40 vvh| ch in turn is physically attached to the

e ARIAAen Bltingd BchoER076 SoRRUIRA AR TS BHESRHRY vias 75,

anccasgahinlags @2dwH| bt sle8@ribednfadtiz® belowi eI ectric
| ayer 60 which provide a neans for renoving a
sacrificial layer fromcavity 250 and gap area 25

durTigogerdisen brihiisGRdw MEMB NtdPrbsiEPSiustrated in Figs.
PCT/ US2002/ 027115 Top actuating el ectrodes 70,

3A-88, vduehgwesy e twmsm’a:h states ai;tl‘resdevmed hee switch is

| nJ 2 %‘F‘Zﬂ% s?ql\%g/ C%l'ﬂt\)fggj%‘s\ﬁl{ ‘%E% glﬁ @Tpages (referenced

'éﬁ*%tﬁl %agr?e%r{%gﬁd?% alRrAsting: &ﬂhﬁﬁniﬂ@&rbﬁ%s%@qndé%ated

SW tcC he devi ce. e SW activa

by way esegdidsy aaepinimg’ sppisiis eapshawntin BE. B@.t Abes
éreferenped to an arbltra@ty%aground to alternating
eeliastadic Bpkis benasnthe & tosyelegiroges eauses| ths

Ao o 5.0 BAPE =B P B FRe picg pigdzoces
withigesl osBerbRirpit§ct TiRdestiaet Recssmerliiys hosléss gradlent in
attracted to all "surrounding electrodes wthin close

rpeoxiraneye0, Teassiagtit a@ﬁueﬁﬁcgdnwmmaéd ah%newgwsg‘rl agipast 40

[ 0, [ ' def lect .d

itk pBB{RG HRr g ol g thi iR et Eey Bihfoge 30
W§|&aI¥W€oMés°fﬁé3fopP8f‘§@Wal %l&ﬁFdd@Z@o TIH'EYlﬁM@]@'e' Benefit of

touches the top of sign el ectrodes 20. The uni que
thehdebigrofs e dbce;umim gﬁ gap theéatareapthenactoftiggpeletirodes

Bleiccsnn 4. ditaen e Gontodecias i S0l ekl shiteh
%gﬁ 002%“ [?lldVI(H’I n%‘é%l Ig{év&%he\mﬁ&‘e'iﬁ'% I‘Uﬂ?é@ﬂd&tf’bﬂ Pditage

n’vol di spl aces a cont a

relliebly dikplages aaccrretbat ekedtsodeao@@r gaplatiMety Iafggfgamdé"he
of the vertical displacenment of the contact el ectrode

moewHiuee obthd verices di ¥l apemeng 4 Ithataceragt elestiafe 80 which
dl% ate% %e Igf:f&grﬁlazgt%énuéf‘tlon in the “on” and “off” states is

determined by the geometric design of the actuating electrodes and the
membrane. Several additional benefits of this design are apparent. The
mechanical restoring force required to reliably deactivate the switch is

somewhat decoupled from the actuation voltage requirements.

Figs. 4A -4C show side views of two additional designs of actuation
electrodes. For clarity, only a small portion of the membrane is shown
and only details of electrodes 70 and dielectric 60 are included. The
electrodes 70 act as levers, and when made taller, they induce more
curvature which causes a greater vertical displacement d. Additional
electrode overlap area may be introduced by increasing the metal

thickness of the actuating electrodes 70, as shown in Fig. 4B. This
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determ ned by the geonetric design of the actuating
el ectrodes and the nenbrane. Several additi onal

wheoehidss2 of this design are apparent. The neptEDSAL/027115

restoring force required to reliably deactivate the

c?é’ﬂrbﬁ?eé $he ?@?@V@étvo@l%%%%%: %‘(gwlfa&@%ht igaleiAtd éQé‘trostatlc

vol tage requirenents show si de VI ews
fofce.wd hedeletctrodes cbedd giso bt raatieanilen witHmdtaddi¢ional
For cI arity, only a small_portion of the menbrane is

JRBiRdCousT i, ;an%%ca/vm in Gig.dhectGisater vertigal displacerent is
S5 58k 8l VA e ST SR g A o

mumahgr@emb@@scwmea behefit of thsrdam@@le é’(tt%uﬂ*tl@@ﬁmélﬁhod is
Additional electrode overlap area ma

’qhiatt thecteegtivationcotetsi switein @aneb@lassnstﬁd:}k/)m@:aalmmgt em@osfcwe

GHBlS 1 B A0S TR R bo B8R0 N the rkdzat FnafiBlration, ai
t‘h%oé’étb%@l goélbé‘%dteg t%ﬁﬁ't%vr“ep%‘l‘ AP HAELRE inv rse cbuervature of

el ectrost force. The electrodes could a
thedeetabiagre marhbyunfemrbdl ng mrmbonhddd:ietwéenol\herb@lﬂormef
shown in Fig eater verti cal di spl acenent is

@écﬁ@iﬁ@(/‘é@e@&) and sl elestiadeer®rh of the menbrane
and nunber of 5 actuating el ectrodes. Another benefit
of this unique actuation nethod is that the

deagigl Bagiows ah dlit@nawveaheaiirabe/@estrdicrdadierablyl for ke
a _positive volta%e to all the actuating el ectrodes.

VEM3switdsehfigsors B @mfaa pwichdn thet fodf siaxtaay iviprein

repel and e_an,nve
TP ORITHaS Mt kROt PLRe AL shE R Fhin electrodes
TO M &cadost Ae ey &S 7ot Tﬁ@}gﬁézd&e@% ﬂ‘?éteﬁ'ﬁ%bh@:%t@@mder
and signal electrodes 20 ig. shows an alternative
Mn@mmflmelca‘oan etsteis Sl gahisingtdetreMEigbadisintdio ednd the
of f. sta

et Taies o SIS 36 P etoelfticaaitiakal eands in one
%%Tlh@% $ eGid RS uRder’ ﬂ\é [l 0hs 27 e?éd‘trl%aﬂ?elal causing

o] ezoe ectric material contracts unde
a stress gradient between piezoelectric layer 80 and dielectric membrane

60. The stress gradient between piezoelectric material 80 and dielectric
60 generates a bowed membrane, similar to that shown in Fig. 3B. In
this design, conductive via contacts 75 connect inlaid wire trace 72 and
interdigitated fingers 70, as detailed in Figs. 2 and 3. Depending on the
piezoelectric material employed and its crystalline orientation, applying a
voltage difference between the actuating fingers creates a concave or

convex curvature.

Preferred materials for the piezoelectric elements are: BaTiO,,
Pb(ZrxTil-x)O; with dopants of La, Fe or Sr and polyvinylidene fluoride

(PVDF) also known as Kynar ™ piezo film (Registered Trademark of
Pennwalt, Inc.).
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the influence of an electric field, causing a stress
gradient to bend the nenbrane, as shown in Fig. 3B

w@r@zoedsertric material 80 expands in one cryBtEUBI0B027115

axis direction under the influence of an electric

[l Cllstif HRitRer pPeRHERPEBRMRRAL B6'HRflonal setaf

p1 ezoel ectric yer ectri c menbrane

IHerdigitased gicaubttng ebejtredes pa;emela@crtdat@d ilewithe 80
and dielectric 60 generates a bowed nenbrane, simlar

merpREANesAS®AOWA iR G- 9B With thenmetalasilays, 72 sabedded in
e 80 g AL RSk B A I LERSediTag Mgy jevs 72

B fi ag@ﬁmormr ™, tlhethusouegugﬁl e6é !cbﬁeﬁmt@rd@.taw@laa@ﬂnn

and 1ts crystalline orientation, applying a 25 votage

@lhepit@casc bateredvaniageausiyassagyfri tefunatices. eOna function
cave referred mater s for

Erib frasbin U6t Pl teredabin Sriyacthasrgerein all e ovier

F
SR g 0 ARV T, 9
Mylmallté"rhﬂa@tuflycap‘plymmg(ﬂeglr&&mgeplog tiave earedt hegétlvé’mmhal,s to

Inc.). 9 WD 2004/ 019362 PCI/ US2002/ 027115 In stil
%Hﬁeer finBeEs Y8 Eisduoniins, amadadde pabelectrastatie force to

(SPE e ShERRRGHHALL 39, SUatP AR o R Bor BB Tbidpse
pfdmrﬁtﬁeo ﬁﬁ@t@d@@c&el 20, ditRd @@ddncpfuﬁﬂztednﬂfdfesr@ |ovidr! ed

vias, not shown, connecting netal inlays 72 5 to
mtﬁgélgstamd @lectodesis fqrglr@megdeacma’m@méconversuon to the

d des 74
SaREEbBELRS SHEEH T B YeaStRRH fS RultCen aftermating positive
aﬁdtr%g%$ﬁﬁe5|5o‘ﬂeﬂtita|l‘§ afé %E} Tleatt%tleVer%’Pectff‘SHé‘fﬁ{ge?Q 74 wglle

wherein al | ower ectrode fingers 74 are pul se
wmultanpolsslm p;.dsmg aldagmpe\n/raldmrodesrﬂnt witbaupbyitive voltage.

TR R AR s 2y o Tk A i ana
BE LGy o BRI  contact s or cones in close

In yet another preferred embodiment, the switch is designed with only
one mechanical RF signal contact, as shown in Fig. 6B. In this design,
the RF signal path is directed through metal conductive layer 90, plunger
element 40 and contact element 30. When the switch is activated,
element 30 contacts or comes in close proximity to single metal trace 21
to close the switch. The benefit of this design is a reduction in contact
resistance as compared to the one illustrated in Fig. 2, wherein element
30 bridges signal metal trace 20 and the two contact resistances are

added in series.

The switch described may be configured as a single-pole-multi-throw
(SPMT) switch by parallel connection of the signal input of N number of

switches for N number of throws. This is shown in Fig. 7 using the

10
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proximty to nmetal trace 20. The second function for
the lower interdigitated electrodes is forcing the

wa@le@anivsat i on (conversion to the "off" state)prof/usive2/027115

switch. To deactivate the switch, alternating positive

SRty fE s BRGRELA B S fhedhebfyreBi biecsrads
gauraetrgl oX copstednRF Whplit B H9Slidd Y6 tMedd MIEMS siiech deVIces
lower Interdigitated el ectrodes thus aid in both the

widh ii selpitesh Rindutidact T RessdheRit npudwiigeal. topany @n@le the

h f d .enb h h i, j d .
S B A R SRR bl D Rl Bc S switen
ﬂ'ﬁe@v@tcr@lesbﬂbba'aﬁcﬂ%b\ﬂﬁ ma%*b% (anﬁg%@ aﬂoﬁtr@sis%lve switch,
directed through netal conductive |ayer 90, plunger

asl dlustrated iandgsodtarct 3ebemsra c3pacivively cmeplmh switch oy
t t. 30 t
SHdpE B, SRS Uaer G5k PR Siedial SEG R0y 205y or bridge

SMtheh3oThe benefit of this design is a reduction in

contact resistance as conpared to the one illustrated
in Fig. 2, wherein elenent 30 bridges signal netal

R R g A L R Y
| el
SR DI A o I B U AE R Y A o

ﬁybsttﬁditesm Wl’thNi@i@ib@ﬂ‘ad@‘s 20 oNasd il BUBrduhding \Wielicdtiit @2.
7 using the 10 WD 2004/ 019362 PCT/ US2002/ 027115

Subgirata h8dweade of anypsuhdtatermaterialcaimonlyaised for the

/ trode A . j [
EBBRAEAR & LTS o drsa BuFB 28 SiGaf s StPac ires.
Phé BUbStral® n@sglstohﬁ]cﬁfdé gm.oabg,n@brﬁc%té@xeﬁneogau&m
RF out puts, thHe respective Vdc+ Sign is applie

dadtey,atiech abhdravistons, dictles, sesistdrsdescapdmtbrand
shovvn may , be config red as, a resjistive sw
mglwgq dp

ITECRRIRCE i rEATgY 210 bieg '3 teaaraéwneéﬁpncatlon of
UME?\ﬁS%Wl{tfl‘h FVlc adding a thin dielectric |ayer over

e si gnal des 20 and/ or bri dge

While the following fabrication process is shown for one set of given
material layers, it is understood that one skilled in the art may use a
different combination of materials to fabricate the same device. The
materials used to fabricate this device are classifiéd into three groups.
The first group is the metal traces made of known conductive metal
elements and alloys of the same elements such as, but not limited to, Al,
Cu, Cr, Fe, Hf, Ni, Rh, Ru, Ti, Ta, W and Zr. The metals may also contain
N, O, C, Si and H as long as the resulting material is electrically
conductive. The second set of materials are the dielectric layers used for
the membrane and to insulate the metal conductors and provide physical
connection of the movable beam to the substrate such as, but not limited
to, carbon-containing materials (including polymers and amorphous
hydrogenated carbon), AIN, AlO, HfO, SiN, SiO, SiCH, SiCOH, Ta0, TiO,

11
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contact 30. 10 Figs. 8A -8K show the steps necessary
for manufacturing the MEMS sw tches of the present

WO pwefoid3en. Fig. 8A shows a cross-section of aPCT/US2002/027115

substrate 18 with netal traces 20 inl a|d in

r ' u r '
VS WREBEN L s fereoRl IRELBIY oft b nTREAaR tayers
aralthk (‘s@thqil@lalfla?méﬁuﬁi .e)uchigwblﬁSnotswﬁhtaﬁtoSl
GaAs, Si 02 or ass. 15 The substrate nay al so |ncI ude

Wéph@%@h@mha@w glase dBPSG ) SndGiQ obiN, e ésC:Hupelyimide,
A ARShE BHers) RPRSoreRs A Pt AERCREM Mty deriyatiyes.

bélrhfzbﬁglclfo%*&’téﬁ@ta'n‘élrbﬁ’étoréﬁ%t MEMS swi tch device. 20
Whil e the follow ng fabrication process I's shown for

one set of given nmaterial |ayers, i s under st ood

t hat. skill ed th f

coiefrigaan Em#&%é%aﬁ#f@i%@%% RS HESdavpes of the
t

MRELS Spieh %?%@ﬁ“gﬁgb%ﬁ%g%%?gﬁm%ﬁ@ irbaid fhetal traces

2Gtaal dIBMBCMeaMthIenMIecmdwayen@O netlapoed and

ST el P T TR o iy o
da(ﬁ)ggﬁl?éf mJQ@;ﬁE?LSU{% o r°h‘? gﬁ&tgféf?:hn% ifho Gelitric

ﬂ afitrmnesdll 20. WHRﬂaI\/I@yeM@&sCmm é&positedraver patierned
are'the dielectric layers used for the nenbrane and

digleaigiel 2Q.¢ol inwedebydeponidian of metal!gyesyil 80 g didJgrtric
A8 ERoHniN e B FRNCEpCRMlRc R pTotRkgS WSed first to
;ﬁﬁg&’d éle?eé‘ﬂrﬂ?hﬂé' aad%lewa'g\aﬁn%%mrpmgg% form %Hst 141

rogenat ed carbon HO SIN SO

ﬁncﬁﬁH dgTa@comntayt 1131)/\6)5 2604N0IMORI§2 SPCT. Lamrsom@ammo may
VO, WD and ZrQ or m xtures th?reof TFe third set (?
%mtamlei%gt@psor ee@binatians pf POEN.RS [QEAS Re dnitialdayer

f%@é%% C‘%R? ‘%ﬁ{g P@Tﬁ.\‘ 8%9@,’(85) W p@{?g%h d%?élﬁa%laf% and

electrically conductive enough for good RF signal transmission. Another
layer of sacrificial material, 126, is deposited and planarized (Fig. 8E).
The surface is planarized by polishing or by a technique such as
Chemical Mechanical Polishing (CMP). A thin metal layer 72 is then
deposited and patterned over the second planarized surface (Fig. 8F). An
etch stop metal or dielectric rﬁay be used between the second planarized
surface and layer 72 to prevent etching of layers 50 or 126 during the
patterning process of layer 72. The next layer to be formed is the
micro-mechanical beam or membrane element of the device, 60. Beam
or membrane element 60 may be manufactured using any one of the
dielectric materials listed above, or combined dielectric layers, for

optimal mechanical reliability, performanée and manufacturability.

Next, small via holes 69 are formed in dielectric 60, as shown in Fig.

12
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pol yar al ene et hers, norbornenes and their
functionalized derivatives, 5 benzocycl obutane and

w@botorsst st. Dielectric 22 may be part of thePCT/US2002/027115

substrate 18 or the first layers of the MEMS swtch.
800\8 dxdposethararia ?EF f7ac eT RO MR ISAMGF Vlgl ﬁe’c?lgs TB4abt to a

traces 20 and diefectric 22, anot her ectric [ayer
Bﬂ]nllmu@eﬁoslreedn’anmbdKanp@altmaMmg of bbakectric 8. ASfetal

e Labr 1S thsh AraSstBe PRy il Rloser1E hiwaion il via holes 69 for
@I&Jtﬁ‘étaf bSnt&g i 8RRl t£0a §F’s°72fd ?b ! %‘Fél &?r '7% is

hen deposit over patter ne di ele r| c

!blyerd@pdfternedmsmgrpﬁtcablltlﬁ)geaphﬁ@n@ln@ltcﬁﬁ@e@sﬁ Sh@wnlﬁCFlg 8H .
a; shown in Fig Li t hography foll owed by etchin

RIS¥PYslY ﬁessab@é e eetal ackiaiing fiogeno 70amde thadie more

B4RH 046 P BRLLCE B8 RhEREhe M, LB Ao onto
I’f@é’mbb@néfﬁbaés |6lic® eSHovin M FRE i iRathb atpuOfurl Qlilth t

%
long as the initial |ayer ?maconductlve mstaﬁ
espasreddeaturesrhighds feﬂnedfb)calallsoltmpec etotingnoff dielectric

o0 A BT S HEEE o B i
RdRbrahe 128 regﬁ)rg?@@s'%ﬁg r B HI% léeeq ﬁféﬁ'op%@nal thin
he surface is planarrze of or By’ 4

tlmibotrqmmlmusi’amﬁle&be@ﬂ n&ital\/ﬁﬁém Z@larfpHigi bt 60 to
CNP‘%T A thin nmetal layer 72 is then deposited and
éé@\t tlde shestingrd @étairfmgﬂrar?a} | kbsing @hpé@leﬂ(orgrgphy

Baltarihe, FBsE SRt TN Y 0 B8 FGlbA TS50 725 shown
i tipe eyerefovet ofiwnef @Iﬁe baviiesd 7§Qc%d ih?ﬁl%jbm ng'hbrhﬁ:cess

patterni ng process of Ia%er The next Tayer to be
Pattesa is steed complotelyd mmg:‘aldlejea’mmstmmamposmg

BTt L B S ST

ﬁk@é@ﬁt s t‘he"%trﬁbila'ﬂ' & ﬂh'eséa%‘i‘lfﬂf‘?gi"ra 9@”1%(?‘%‘?6 using a

dielectric layers, for 30 optima anlca

seleicaiviel isoroppe etch nmamsawhlohlalranﬁamwlwasbcmtrmaﬂxlematenal
mall via holes % ?ngdln di el ectric 60, as

iq{mg Wr,gadlty %'58 ithou stantial etching of exposed dielectric

or metal layers as shown in Fig. 8K.

While the presented invention has been described in terms of a
preferred embodiment, those skilled in the art will readily recognize that
many changes and modifications are possible, all of which remain within

the spirit and the scope of the present invention, as defined by the

accompanying claims.

Industrial Applicability

13



WD 2004/ 019362 PCT/ US2002/ 027115 8G to expose neta
| ayer 72. The nunber of via holes is kept to a

WOorRov/1a361 0 prevent nechani cal weakeni ng of di B BUSI00Z027115

60. A netal layer, 70, is then deposited over
di el ectric 60 which fills via holes 69 for electrica
contact between netal |ayers 72 and 70. Metal |ayer 70
i s Fhinsvepiiondsmsedisithg fighdobwi t hogr aphy and

2. as_sh in Fig., 8H . As previously
§é§‘5¢ﬁ*%‘é‘c¥ '?ﬁ@ﬂﬁ@?%e%aﬂ&ﬁﬁﬂ&eﬂ ngers 70 are nade
nore effective to induce curvature of nmenbrane 60 if
they are anchored onto nenbrane 60 as | evers. Shown
in Fig. 81 is the structure with this enhanced feature
mhie@yg 68 bg ani sotropic etching of dielectric
10 | aﬁgﬁﬂd metal 70 as a nask to renopve sone of
the dielectric nmenbrane fromregion 160. After the
ani sotropic etch, an optional thin dielectric filmis
applied over netal fingers 70 and dielectric 60 to
prevent DC shorting of netal fingers 70. Using
phot ol i t hography patterning, access slots and vias 80
are formed in dielectric 60, as shown 15 in the
t op-down view of the device depicted in Fig. 8J. The
access pattern is etched conpletely through
di el ectric stack 60, exposing sacrificial |ayer 126.
The final step in the MEMS switch fabrication process
Is the renoval of the sacrificial layers 125 and 126
using a selective isotropic etch process which
renmoves the sacrificial material, 20 formng air
cavity 250, wi thout substantial etching of exposed
dielectric or netal layers as shown in Fig. 8K Wile
the presented invention has been described in terns of
a preferred enbodiment, those skilled in the art wll
readi ly recognize that 25 many changes and
nodi fications are possible, all of which remain within
the spirit and the scope of the present invention, as
defined by the acconpanying clains. 30
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Industrial Applicability 13 WO 2004/ 019362
PCT/ US2002/ 027115 This invention is used in the field

we@boowopssti cul arly, in cell phones and the |i keCT/US2002/027115

What is clained is: 14 WO 2004/ 019362
em/Naawalaaat}éﬁle&ranMv Qarfl @@EW@ %ph?p%[qg!n

(MEMS) switch conpri sing: cav eas
one conductive path (20) integral to a first surface
border.in d cavity (250); a flexible nenbrane (60)
parﬁlqaéﬂg'@@rd first surface bordering said cavity
(250), said flexible nenbrane (60) having a plurality
of actuating 10 electrodes (70) attached thereto; and

a plahmﬁfrt qOToaduatibepath (20) thidgexi & & firstrbuAaee Gifttering
g{agﬁ 8 away from sai d actuating el ectrodes
b:f‘ca\g Jé) linger (40) having at |east one
conductlve surface (30) to make el ectrical contact
with said at 15 | east one conductive path (20). 2.

The aMEdKI b irheMbagane €60Y %ralmelc’ﬂoasﬂbl]ﬂrs%ﬁh%'cﬁ m*érm‘g said
said actuating electrodes (70) is energized

¢avitn§e50), wigdkixilele menabpiang (tG@)thaynﬁg?avpjlulra@ty of actuatlng
i | Oj4H\Ng..act u el ectrodes (70), 20 wherein

%gchr(ab%s\/m)a%é@'&?@tﬂlf‘%%g?eﬁE@d to an arbitrary

ground. 3. The MEMS switch as recited in claim1,

wherein an electrostatic attraction between said

act agilungee(4@} aﬁdehecﬁI?&) saibflexiblé membemtk (80) in a direction
curvgture of said flexible menbrane (60) when said

vy dtrRgsafdadtiatiag elestrodes (4P wdr@uzgar (40) having at
least one conductive surface (30) to make electrical contact with said at

least one conductive path (20).

2. The MEMS switch as recited in claim 1, wherein each of said
actuating electrodes (70) is energized by a DC voltage of opposite
polarity to the DC voltage of said adjoining actuating electrodes (70),
wherein said DC voltages are referenced to an arbitrary ground.

3. The MEMS switch as recited in claim 1, wherein an electrostatic
attraction between said actuating electrodes>(70) results in a bending
curvature of said flexible membrane (60) when said actuating electrodes

(70) are energized.

4. The MEMS switch as recited in claim 1, wherein said flexible
membrane (60) is made of a dielectric material selected from the group
consisting of Si0O, SiN, carbon-containing materials that include polymers

and amorphous hydrogenated carbon, and mixtures thereof.
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4. The MEMS switch as recited in claim1l, wherein said
flexible nenbrane (60) is nade of a dielectric

woradoanisb2 sel ected fromthe group consisting BET/Bs102/027115

Si N, carbon-containing materials that include polyners

Sher o MM 8 YA B AT AT T80 Sl HEB4e

NiEvBbsane ¢60pss fuathéredompriskedi of 4 pluvgitgiol coniddictive vias.
flexible nmenbrane (60) is further conprised of a

pI urality of conductive vias. 6. The MEMS switch as

n th n ture of
C2° THBMENS S s 0P Do AR Bt A
candatoté \of sasauwr@a@e(ra@mmbnémrgeﬁlsurwat léaéé})or?@@bﬁauctwe
said at | east one conductive path (20) integral to »

SHracei(Be of safdodu I@g@rd(ébQ)rﬁgasas’rdS@ld\mt heasb B0, conductive
Pl (2 1RGN S il b sSH ity 250y, closing

@ IMENT ¥Rittpge returns said flexible nenbrane (60) to

its original shape, pulling away said at |east one
conductive surface (30) of said plunger (40) from

?a e at'&"ﬁ@%&éﬁﬂfﬁ} ég?gﬁéééiﬁ&?mﬁcﬁﬂ{ﬁ?tﬁﬁgra%éér%@% o said
Tl%H vo1| ?ng/@@ S5 51 ﬁ’ﬁé G E ) Yol oMetnal shape,
AN

re n curvature o sal bl e

mﬂ‘mgawa(y@ildl at %mrm@/eoﬂdﬁ@ﬂwgnﬁabef(go? ofTé‘aﬁd'\ﬁNEger
swtch as recited in claim1, further conprising a

§4@bfrenpisaichipt ﬂ@asifomblé@nduqtege sunfpcplintegrabito sabbfirsim
f
SHtiaRE et e, shitgr AT 0 B VESEIEET cd"to sai d

second plurality of electrodes (70) urges said plunger
(40) away fromsaid at | east one conductive path (20),
&eﬂ'd:\@nh/hEgbVISSV\Eital‘cas oacited.in thei nh/E[I\/EBvrmnvietrc hthasb eredinged

Icrclr\;:a’ture o]f 'said ?Iembqe mgm ngﬁ!a%gbs is a concave displacement

'O, The MEMS switch as recited in claim 1, further comprising a

second plurality of electrodes (74) placed on a bottom surface of the
flexible membrane (60), wherein a reverse positive and negative voltage
applied to said second plurality of electrodes (70) urges said plunger

(40) away from said at least one conductive path (20), overcoming
stiction.

10. The MEMS switch as recited in claim 1, wherein a piezoelectric
material integral to said flexible membrane (60) and positioned between
said actuating electrodes (70) expands and contracts said flexible

membrane (60) when subjected to a DC voltage.
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material integral to said flexible nenbrane (60) and
positi oned between said actuating el ectrodes (70)

wexpantseand contracts said flexi ble 30 nenbr areT/(88)2/027115
when subjected to a DC voltage. 16 WD 2004/ 019362

RQT/ US20G2DRIEMS smﬂiﬂch JB‘?eM@@ﬁ‘Mém 1a%NHe%;ﬁ %@pbﬂding on

claim1, wherein depending on said pieZoelec
ﬁatCépu%ztoedmtnq sadeniat ahd:llltﬂscrystalﬂlm'@t omentaetpm yamgymg a
bet ween sa actuati ng el_ectrodes

V8bpRRs gfsgef@éqeﬁefeweeémﬂeawbgm&@epy bsd 7R dproes said
$I@Rﬂﬂ¥9m€ﬁqb}%ﬂ)é3§9§ 6\ o & tea cénégve SPeoNED cﬁW/:itﬁPe as

recited in Iezoel éCctri
material is selected fron1the group consi sting of

AP e G e A

BbAeetc PR \05hel B 6E 20,5 ATRER pigi

PhgATsEil ok)a, WlQIﬁﬁopa@ﬂ§ ot 0adwetdVgr, Rd pbgﬂanylil&erﬂe‘lﬂuonde
The MEMS switch as recited In claim 1, whérein

{P¥RMY e  menbrane (60) is electrostatically di spI aced
in two opposing directions, thereby aiding to
activate and deactivate the MEMS switch (15). 20 15. A

M1 o- el qofe MY AN £H as¥etissy (Ve 5“.’LV"'V\tII%"feln a gap (25)
) s

conprising: a) a substrate conprisi

MHduaaide:avéﬂyaGZEO’)lseipdraiwsrsaldZﬂmngeit CA(W‘Ifrom saithyt least
250 f.or nmed; 25 b) on said cavity (250), a first

LF‘%?E&/‘@P?ELQ@ Xol | oned by a

14. The MEMS switch as recited in claim 1, wherein the flexible
membrane (60) is electrostatically displaced in two opposing directions,
thereby aiding to activate and deactivate the MEMS switch (15).

15. A micro-electromechanical system (MEMS) switch comprising:

a) a substrate (18) comprising a conductive metal inlaid path
(20) onto which a cavity (250) is formed;

b) on said cavity (250), a first release layer (125) followed by a
first conductive layer (130) and by a second conductive or dielectric

layer (140) , said two conductive layers (130, 140) being patterned into
the form of an inverted ‘T* (131, 141);

¢) a planarized second release layer (72) followed by a third
conductive layer (60);
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first conductive |layer (130) and by a second
conductive or dielectric |layer (140), said two

waeoeodiocessye | ayers (130, 140) being patterned per/oS200he27115

formof an inverted T (131, 141); 30 c) a planarized
second rel ease layer (72) followed by a third
conductive layer (60); 17 WO 2004/019362

PCT/ USZOGZ/oﬁZtZﬂ:ﬂGf saif iird opndtictiae daydri (60)cantlerictre layer

| ayer % a dielectric layer and patterned vias
ARH Rat ‘%f@)edt‘daéﬂ%%(@ )mxp@%ad@%r cogdarter;
conductive surface filling said patterned via hol es

(69) providing a finite thickness above said filled

vi a hol es) assritiuastivitusdiifaee filinid sskel pattbeidedid AbRest (BD)
shape, of actuating fingers (70), said conbination o

a§0\tlﬁrrzﬂJgHI nife thicknags abpresan &llgdma hedes,asaid wnductive

S} PP LRRRERY H P8 RS 2rEll el BedFIRES CaTcthig of

sohfbingtibhaster) tMARIgH &) ﬁjrm.hgpé ﬂé?n%léﬂh@l#]ogéﬁw% Naéfm&i

second release | ayers (125
switch as recited in claim15, mhereln sald

d N
conduct i bevindidles peffrafine Sid disie Fhsmimee sty
Wﬁ%lt%hbﬂgsl lfpr‘?)'%ndlﬁg &esszsgofls;@QPr'\]&utRE{%of R Memﬂ—?ane

and a r eof sw tch
wherelaoblrmeplanems‘eﬁd filsenatrsetaind retéade IatyreaseSZS 12 f)
i nclude el enents selected fromthe group consisting o
N, 0,0, C Si and H, as long as said netal traces are
el ectrically conductive. 25 18. The MEMS switch as
recited in claim15, wherein said flexible nenbrane
abd sai dThedVIEMS iswitchyas secited nmdéaiof 1&, mdtereirabaid
gglngﬁg:ﬁ\olle layers include metal traces made of conductive metal
elements selected from the group consisting of Al, Cu, Cr, Fe, Hf, Ni, Rh,

Ru, Ti, Ta, W, Zr and alloys thereof.

17. The MEMS switch as recited in claim 16, wherein said metal
traces include elements selected from the group consisting of N, O, C, Si

and H, as long as said metal traces are electrically conductive.

18. The MEMS switch as recited in claim 15, wherein said flexible
membrane and said dielectric layers are made of a material selected
from the group consisting of carbon-containing materials (including
polymers and émorphous hydrogenated carbon), AIN, AlO, HfO, SiN, SiO,
SiCH, SiCOH, Ta0, TiO, VO, WO, ZrO, and mixtures thereof.

18



fromthe group consisting of carbon-containing
materials (including polynmers and anorphous
whya@nogsesat ed carbon), AIN, AAQ H O SiN, Si @CB0S2002/027115
SICH SiCOH, TaO, TiO VO W) ZrO and mxtures
er eof . : i 2 . . T
VNS svi [0 eSSl S P IR 4P et aic Pfease
Isjeeds @ sdariftcial kayer svichfis ehadle bfgematyreh sesedtadaré the
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singl e-pole-multiple-throw MEMS conprising a plurality
of single-pole-single-throw MEMS switches placed in
parallel, said plurality 10 of
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single-pole-single-'throw MEMS switches placed in parallel, said plurality

of single-pole-single-throw MEMS switches being respectively activated by

an independent DC voltage control signal.
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