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WO 03/ 107372 PCT/ US02/ 19449 M CRO- ELECTROVECHANI CAL

SW TCH HAVI NG A DEFORMABLE ELASTOVERI C CONDUCTI VE
WELENENE 5 TECHNI CAL FI ELD This invention i s geper/abizyos49

related to mcro-el ectronechani cal sw tches (MEMS),

and nore particularly, to a MEMS structure and net hod

of fabrication it to inprove its reliability and nmake

it less susceptible to material fatigue and nechani cal

failure. 10 BACKGROUND ART A wi de variety of

comuni cati ons systens, such as nobil e phone handsets,

require Mmmmemmecnﬂm SWErCH HAVING'A

systens. An exanple is the need to switch a nobile

phone REFORMAR:HELASFAMERKSGONRHE TIYEELEMENTK s

of the phone. Suitable switches nust 15 allow radio

frequency (RF) signals to pass through with [ ow | oss

in the on-state (low insertion [|oss) while providing

ood isolation between termnals in the off-state.

ﬁﬁiﬂﬂr!_cﬁleﬂlﬂﬁecham cal switches have becone an

I ncreasin attrac ti RE switc

becauSe o %‘Lﬁglgen%rglﬁ F“.“‘éﬁ"1"8?’°regwtf°ﬁ§8‘i‘1nﬂ°8ﬂsw%§§s QAEMS), and
mdit paHiEERkd @MEMS stridetued AriSmetREY Of fabidMtisnits hﬁﬁov@nts reliability

contact consisting of a conducting filmis caused
andrinake trlesd ssceptible to matsrialdatigmernd meohandnat fadurewi t h

anot her, closing the circuit. The contacts are then

separ at ed again to open the switch. A significant

chall enge in the present art mcro-el ectromechani cal

contact swtches is 25 the high reliability that is

_A_@K@Bﬁlﬂm&ally alifetinme greater than 1 billion
ycl es. ., Wen bj ected .to alternat (,es St .

ot 5 MV ay, ST erog Mmoo sl ARbIE BRo: i, require

swﬁt@hes@o BIEAQERAOTLW Waith RS systend Antek fple '@ nk¥Pto switch a mobile
surfaces are pressed into contact, there Is stored
phenraemggnnarbemn miaetteansmit anti aetcetve blixcks of the phoret Suitdbde switches must
cont s nat u }ﬁl y wever. J1

aliow radio requency{ )s gnals to pass through w1th ow loss in the on-state (low insertion

loss) while providing good isolation between terminals in the off-state.

Micro-electromechanical switches have become an increasingly attractive option for
RF switching because of their potential for low insertion loss and high isolation. In one class
of MEM switches, a contact consisting of a conducting film is caused to move or deflect so
as to come into contact with another, closing the circuit. The contacts are then separated again

to open the switch.

A significant challenge in the present art micro-electromechanical contact switches is
the high reliability that is required, typically a lifetime greater than 1 billion cycles. When
subjected to alternating stresses, most materials degrade, e.g., suffer premature failure, due to
a phenomenon known as In addition, when two surfaces are pressed into contact, there is

stored energy in the material that tends to separate the contacts naturally. However, the
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WO 03/ 107372 PCT/ US02/ 19449 exi stence of this natural

separation force also inplies that a | arge force nust
whes/gesmrated to initially deflect the contact BEmMUS02/19449

close the switch. In switches where the deflection is

electrpostatic, these | e fqorces nraII i mpl
existence ?g 1sma%al Separatn t@w%ag@é@plnqsygq @B fgrﬁ R ébe( gfperated to
mlﬁMly'TﬁéﬂéEy Th¥ahth@PhRs cfoRE tRXBWRCR: 1l SwitorRls! »@hé}goﬂﬂs deﬂectlon is

handsets. The present 5 invention describes a devic
electrastatic tmse {argeafoirees\geaerally implcthetneed fmdixgl'agmtmh dolﬂgleg hypically

I S capahl e reli esvmtchln 0 Illnsof
beyh @B G rsttoer Al 4o Pt dn mvde hoes Ratiisets. The present
mv@ﬁ?ﬁ&r‘ Hé%@lstbéé%rde%!é tHyEN s%’i‘ﬂcﬁébtfb \%’Eidvgb'& dl 98@&}%%‘11& Svhich is capable
def ormabl e materi al s. y way of exanple, a
of reliablersimitghitg oFérillidns ofrcyb]eﬁmtﬁ%aitaﬁchdrhnaﬁfeﬁlﬁ&, 564, an
el ectrostatic 10 lateral displacenent of a netallic
beam (116 towards 123) causes a | ongitudinal
di s '
oE Fﬂr?ég Sl egcar%ﬂegfaerg)t%@m(!iemsg\bff& do ﬁ%ﬁ@orﬁ‘ﬁ%&%ﬁéfoﬁ%ﬂk materials.
Byl198) of éxappld)lasdnrefietring toi Bigkl,rinl 1bS. REMtS\M 60R0j584; draélectrostatic
th helaeral am 111 into the RF
lat?faﬁ@gpqé%gegﬁﬁh odalligbea 1t1éa°~w3% 123) flsen  JaEisugingl displacement
of %tb%ﬁhgﬁoxgﬂéé@ filtd 'c&?ta?%tlﬁd‘ in andt R?ro%lft ?fe@trocie@ § lagﬁo‘agﬁx}g 106 and

repeat ratton ons or Ions C
109)ai A problemdith rl’ﬂ:ykliiéli of M ewitchiis thed thedsrcp pashingcthe lateral beam 111
formati on erein the netallic structure will no

th éb@BF lipps 496 é%ﬂ F‘»}P isdamitsrhy the metaliroReam wpteripleproperties and will,
s
the}f%ﬁo{'ﬁ g:ﬁl %ife? ??{egﬁgf({pg%?iog %'f Lml!:l?%% @%lﬁéﬁsag& \'i"h%, ?Qlupéaﬁlléde may
manlfest el L4s pdstit defortiationyaheteln the ﬁﬁt&ﬂ&&t@cfﬁ?@hfﬁm&]@hger elastically
failure in the swtch., 20 U S: Patent No. 5,642,015
defosmaiprp semews! of BN Helties mr@atherteﬁm&da@ &9storavhegvitch back to the
oﬁf’néf%tgf ?ﬁrseac ckgr(ﬁ)a%%tgc{nﬁnktoﬁ% s an%keﬁr%etgzrﬁglrltgg%glg ‘gr%déxaesamechamcal
failidrd In the SWideh. ect r odes deposited thereon within
el astonmeric ridges. An electrostatic force is applied
bet ween the el astoneric m' cr ostructures or between the

m crost st ruc

pendt noFHEN RE" B gty TRROPE. MR Peend Rivuesr having o
sulS!sftraierWltR5 plirgtPSF EdGbieAc Ali@SRFuchiRed hﬂle'm&l:&%hl':ﬂﬁ?és%@ provided

The net result” of the novenent is conpression
withericrariactnodes dhposibest theeenn mithinedlzstorerisrridges.i dg@éecmostatlc force is
applggc)i \{{vggl rheaglagtg)r%grslcf: errglcrtors]trn(l)clilgres or between the microstructures and a
macrostructure, allowing bending of the microstructures or a relative movement of the
microstructure closer to the macrostructure. The net result of the movement is compression
of a gas that resides between the elastomeric ridges or improving heat transfer through a
membrane. U.S. Patent No. 5,642,015 uses the elastomeric material for compressing a gas,

which improves the heat transfer, but not for controlling the flow of electrical signals.
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menbrane. U.S. Patent No. 5, 642,015 uses the
el astoneric material for conpressing a gas, which

WO nprosRs the heat transfer, but not for control PETYS02/19449
the flow of electrical signals. 30 2 WD 03/107372

§O 1944 JECTS OF THE | NVENTI ON Accordi ngly,
o i V. 1 invention to provide a
m Cr&cgllo‘?r?élf QF%CJ}ﬁ I}G&'Of tﬁeM%Me ﬁg}obﬂg'ar\glc% electrcamechamcal

def or mabl € el ast oner'i ¢ el enent xhrbits
(MEMN g«entctnhavmym deformatly elmstblmeac eh&aieht which reihibits a large change in

di spl ace ﬁlt is%gsgher object of invention to
?)4 Vigewy @/Ema #inoppt of fHefhe def or mabl e

el astonmeric elenment is displaced by an el ectrostatic
force that is applied laterally resulting in a small
ver tii isahottiespbjext efiinventiond prbeddea lMEM&vmehthiém the deformable
di spl.acenment, in turn, creates a contact betwe
elagiogicar elemeatis displaged Rigan ﬂ%ctw%s&r%ﬁhaé15@@phqdclaqerally Tesulting in

a srch'aﬂ D&tki Plal:éméng, a%ﬁﬂtwhgﬂel% fig R/erq.’l%l srplathmQrgog 'tﬂﬁ ﬂ'e&f@“@ contact
sw tch having a deform el enment
betevebe tele dighaltliakd, altowing e passage lmfbleétﬁlcﬂmg@hlaSt omer with
i mpregnated netallic rods) and having a contact
el ectrode on the side of the defornmable el enent that
IS [V LEi
er b bt diBltef obleafl Biide 4 DA TRARHTAHE D Retolablp glemen

prdvidedoniph e@albeddbd: nﬁea]l&rdlﬂilbéxﬁ @uehnanin e?d@d)n&fr edfhdmpregnated metallic
vertical displacenent. is a further h@eCt to

rods) ayd rying wtwmﬁomwp sidgpf therefarmablg element tlps i n
veﬁ@ﬂ%%ﬂéﬁ’dgh Yth€ fembgkﬁi ?ge%lmi%ﬂarﬁerﬁg @%&t?\fga{n e%c?ljogﬁgﬁggttractive

a con Ive

for@bl(ﬁcdm}iresshﬂb’eefbhﬁabkﬁ%rﬁwﬂaﬁ@ crARNORrfidab displactutent. vi t y
of the elastoneric elenent by way of enbedded netal

particl es enbedded al ongside the perineter of the

def 1@%&6‘? ﬁﬁ%&ft%ﬁ)éoggg? é&rM sw19ch cagab(:fgg generagng a change in

el a omer
conductivity of the deformable elastomeric element achieved by a conductive polymer.

It is still an object to have the MEM switch change the conductivity of the

elastomeric element by way of embedded metal particles embedded alongside the perimeter

of the deformable elastomeric material or by embedding elastomer conductive paste.

DISCLOSURE OF INVENTION

In one aspect of the invention, there is described a MEM switch and a fabrication
method thereof. The switch controls the flow of electrical signals by selectively allowing an
electrical RF signal pass through a signal line by making an ohmic contact between two signal
lines or by interrupting the flow of a signal to ground, based on the relative position of a

conductive pad. The movement and relative position of the conductive pad are controlled by
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25 DI SCLOSURE OF | NVENTION I n one aspect of the
invention, there is described a MEMswitch and a

wo adbirorgzat i on net hod thereof. The switch contr ol BCT/Ig02/19449
flow of electrical signals by selectively all ovvi ng an
el ectrical RF signal pass through a signal lin

theaRYSRENLA SheisoRe ey é*eqx@%elthﬁb"@rwred mqtﬂag Pagticles or is a
claflSmefit E6dBAY bt ¢rdb¥iddlonflr 31 Rbrckla Bl AUASlc BAXE sheets of
metady anensolidmietalit aleinet pos Edritan. dh eddeaostatidivedd is elsabt@ compress
are controlled py 3 WO 03/107372 PCT/ US02/ 19449 the
therf‘éfiﬁé‘?f’é‘?ftlatﬁ‘falnéﬂn EP‘Hé‘@S%éanE"%i‘%%“: varticalinevemest gfithggqnductive pad
ardaTP5RIGPR) \}ﬁgs &’%ﬁt@nlruﬂt ?he%?g'ntai GerticHl rﬁocﬁ'eﬁleﬁteéﬁecsg ARo 5Crglcrometers
conduct i Ve pol yner, an el ast onme | regnat
is negtiadd toqerfods a(smltclahgeperatmfn. netal) and a soI id
netallic elenent as a contact. An electrostatic force
is used to conpress the elastoner laterally on both
Sl dg?: eﬁl@l%ﬂjie'nggge theBLdted M gb&ﬂ‘%m TPVRIREGwREn M}ﬁ‘act and prolongs
conducti ve area I n or pass or I nter

the heitch lifietiine (Agv ehé¢ hwaber raf\sevitehing @bclégsbq dxiiehiding. fétngue life of the
dtg;croneters is required to performa swtching
€

sl soiich Tolment as T Raraeralice FleTnent, Uisdcb @nosh ssberein create 2
R T -,
RFesxtitehel in d0%-80'7 qyulles. Mdse materialdail dfter dqfe@lfeﬂﬁbheﬁ?ms Ydad®acause of the

el ement. The netallic el enent used by nost_ switches to
highysrgsseinyoluedsig| caeating hending. r Ehy satch relpass te offcstaia iy f@mhtated by the

ela%g %\%F{mﬁéégﬁlﬂéﬁ%@%%% e{ric 3% }J'@[;QF {Ja gtdlegrnl%a ﬁ]&t téﬁ ly dependent
on&fetrestorigproadest a cheruliig ﬁeﬂnﬁﬁde baattaypsitallyhelies Bhl Bn the mechanical
stress involved in creating bendin The switc

stiffipgs e akabeam @frﬁm ttthe r@a)fed@ﬂ‘rst@tat erlsfpre,ﬁbe teaflensyifer the MEMs

SWR&?QEHE‘%PF% ng mven def gleérv Lbeolg%sgﬁ nﬁenlrgetglg ﬁﬁeé' stress are used to

peif&isi feisifie fﬁﬂfcﬁ@n qfurtﬂerﬁiﬁir@' thé MEMERiteR eabheamntd?aéess is compatible
typically relies only on the mechanical stiffness of

with Sb@mwdwe@ttmmfiﬂv-uh@M@ amiaBICdﬂf)Syhmt-wmnzmcmfs@ méhich makes
the(ﬂe te{&genc&é ga?b {n of the present
VSt oN 168 &ek%? fqmlf%l ‘é “MRan when netal s under

stress are used to performthe sane function.

Furthernore, the MEM switch fabrication process is
conpaeilg gontrol voltages and the RF signals routed by the MEM switch are entirely

decoupled due to the insulating elastomeric material between them. PIN diodes that are
typically used as RF switches have shown losses in RF signal transmission due to coupling
effects between the RF signals and the DC control voltage. Typically, these two signals need
to be subsequently decoupled in the circuit exterior to the switch itself The RF switch
described herein solves this problem by decoupling the signals before they enter the micro-

mechanical portion of the switch.
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wi th sem conductor state-of-the-art CMOS and Bi CMOS
chip-wiring process, which makes 20 the device fully

WO o/mgs7at abl e on a sem conductor chip. The DC cortT/0802/19449
vol tages and the RF signals routed by the MEM swi tch

are _entirel )Mgdeco,upl ed due to the_ insul ating )
el a&insyr the MEMeswikgh afdheresent wantion gqn e dgeignedrasta Single-Pole-

i V, BE St ] 0 i
DAYRLELbY S, s Bcdd OBRTIRNE (DD ) SEep Dy o
MEMS sRhtchésghakisesand t he DC control voltage. Typically,

these two signals need to be subsequently decoupl ed

inthe circuit exterior to the switch itself. The RF

SWi ' n_SO -this probl em. - :

decap e e Gl oRbEIOL RS ity oMl LR W RINEY proyides a micro-
eleoienéchasiahl (MEM) owiteH thhtigcleddst ch. 30 4 WO 03/ 107372

PCT/ US02/ 19449 Finally, the MEM switch of the present

i nvention can be designed as a Single-Pole

Doubl e- Throw ( SPDT) or Singl e-Pol e-Milti-Throw ( SPM)

by connecting a nunber of MEMS switches in series. 5

To achi eve these and ot her objects of the invention,

the i nvention provides a mcro- el ectronmechani cal
BRIGE\DESGRIPRIONOF DRAMWINGS 10 BRI EF DESCRI PTI ON OF

DRA nd. ot her ohject aspects and . .

acvanb et OFRP Rty Bl R PR e R S gy vin be beter
unditstesd beodl deiled dedcriblien of 8&eral Pirefeire@fenftRMBichts to be described

preferred enbodi nents to be described hereinafter

herginafier wikesriaken in sapunestanorithihe laceompanying Afsavingsng
drawi ngs. 15 Fig. | shows a prior art MEM RF switch
provided with a defornmabl e conductive elenent,
WheFRl N sHbwal £pfib0st MEN RF SRital pravidedokith BieRfidiEble conductive
causes a longitudinal displacenent of the beam novi ng
element, wheregmamtelastrostpticdisrsemersaxf thedeam crisgs a lopgitadinal displacement
r oss-sect. onal SigcQ%v%tthC view of a first preferred

of SN Maving if It con e electrodes.

Figs. 2a-2b show a cross-sectional schematic view of a first preferred embodiment of
the invention, illustrating the MEM switch in the off-state (Fig. 2a) and in the on-state (Fig.
2b).

Fig. 3 illustrates the relationship between lateral and vertical displacements of the
elastomeric material under lateral compression due to the application of a control voltage to

actuate the electrodes.

Fig. 4a-4b is a schematic cross-section of a second embodiment of the present

invention, with the MEM switch in the on-state (Fig. 4a) and in the off-state (Fig. 4b).
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20 the invention, illustrating the MEMswitch in the
off-state (Fig. 2a) and in the on-state (Fig. 2b).

wWoDg107372i | | ustrates the rel ati onshi p between | at B€EIS02/19449
and vertical displacenents of the elastoneric

mat eri al under |ateral conpression due to the

appFigc ashews aschemays dragrany o pt 3 gjaglepolesdpuble theave MEM RF switch,
whELQAERPYGRch Flstin ufbniatk Snf s FEUPERIJRE CF OSS- section of

a second e i ment e present invention, with

the MEMswtch in the on-state (Fig. 4a) and in the

of f - st ate (Fig. 4b). 30.5 WO 03/107372 PCT/ US02/ 19449

Fi g/ Figg s‘ﬁmh%f“%ﬂ]#ﬁtﬂt@nd‘i’fa@]?@ﬁ] ¢gpbogiment of the invention, showing

I I MM

meéi\}\lnﬁt%gﬁ (ffﬁ% eﬁﬂ)g&’&é? ﬁg tl%aﬂa[tgriﬁﬁa e aﬁge 8@0{1&%13%%19?Wﬁer&1 and their
effért oa tie MEM IRIitLIC wheid a1861tagk iivappliéd o thBieledtreddsodi ment of

the invention, showing 5 netallic particles enbedded

on the | ateral sides of the deformable elastomeric

' ajla %‘%et {lﬁéréat ci {1%1%10 st OW? Oéﬁg{aﬁw gﬁa?@c}é@%@b@dded on the

voI ge s ap

laté‘r@lhzmabfmeldbfouﬁibl@élasamer&hmum fdthEM Switvhlid thelofsstate (Fig. 7a)
enbedded on the |ateral sides of the defornable

andinghe effstate (Figt @i al for a MEM switch in the on-state
(Fig. 7a) 10 and in the off-state (Fig. 7b). Figs.
8a-8b are schematic illustrations of yet another
enbBigis"BNBb afe scheématitVithistiaBions ofSyed\ehoei Babddient of the invention,
structure constructed u3|ng fabrication techni ques

shawing the MENS istfuctpret eqnstivetad jusing histion wckmiqess that are easily

iR FTAERICR o PRAES #rRas Bl feendisodifir 07 °°

integrated in a CMOS or Bi CIVDS sem conduct or

fabrication facility. 20 BEST MODE FOR CARRYI NG OUT
THEFigs\iasy iinptrate the fabrication steps for a MEM switch integrated in a CMOS or

BiICMOS semiconductor fabrication facility.

BEST MODE FOR CARRYING OUT THE INVENTION
The basic concept of the MEM RF switch of the invention is illustrated in Figs. 2a and

2b showing a cross-sectional view of the MEM switch in the off-state (Fig. 2a) and in the on-
state (Fig. 2b).

The switch consists of a deformable elastomeric material 1 which is distorted laterally
by electrostatic actuation by applying a voltage difference between metallic element 8 and 10
placed at the side 4 of elastomeric material 1 . Similarly, a voltage difference is applied
between metallic element 18 and 9 placed at the side 3 of elastomeric material 1. More
specifically, if metallic elements 9 and 10 are kept at ground and a positive DC voltage is

applied on conductive element 8 and 18, then elements 9 and 10 will move laterally toward 8
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The basic concept of the MEM RF switch of the

invention is illustrated in Figs. 2a and 2b showng a
w@onrg3recti onal view of the MEM switch in the PCT/US02/19449

off-state (Fig. 2a) and in the on- state (Fig. 2b). 25

anq.rgqe éqt?rglﬁyc%ug%ﬁ]@]t Félagt{og)(esg nglgxrngg?bfea\alt;gé E&Erence between element

8 a%'del@t B%b%HCISa%Péd?Js'aﬂrhttbé/ctﬁP Qie‘éﬂr@ﬁatﬁ: 1opd ﬂglea compression of the
difference between netallic el enent 8 an ?%dc)

elastomehiemgiatial Hinghe latesal titmmonc That@mpra!;smn in tl& lanefadidirgqtnoa creates

oltage.difference is lied et ween
an BRI 1 e Ry Aeeianciny scrigsull (ATt 3 nas e Bisgpnected signal

]1né§a§ hd 8! The IMPI ?alrng?Cle cf‘f\%ényconidcct ﬁ%alst%cl l‘?rle@'gemdsé Becomes
and 10 are kept at oun a positive voltage Is
ext3nayp pxhalb@ﬁ’ectlxceb’rM)twhm the dan’mner& materid & canipeessed and contact is
elenents 9 and 10 wi nmove | aterally toward 8 6 WO
acmgfﬁgg?ekeemwatﬂml@gaw lows V. the mm&n@m&? Isyprefgrably S hygm or less.
the el astoneric polyner. The voltage difference
bet ween el enent 8 and 10, and 9 and 18, creates an
attractive electrostatic force and a conpression of

the elastoneric materi al in the lateral direction.
The It hfp PeesarTeshembodinent) athém rulibere POl BRIder dow lielecsgic constant

C
e SUAPARH 8 PR SO ST DB, B0 o Bal BB, gt
SilK isThgerhidbiidudtoradiéle@ae inl thebfori@€ Na @)6]?&@6 fresin @0fkisting 'oflgamma-
lines 5 and 6 becones extrenely small (effectively
butyeglegptongh Brsteged nolymer gad mesityle€eri al i s conpressed and
contact is achieved. To keep actuation voltages bel ow
| OV, the initial gap 17 is preferably 0.5 mor |ess.

10 0antabe7 Rragh&lliedleBmOprerdribly, atlobleGidial thatllbes not oxidize during
polyimde, low dielectric constant material such as

thesruemla(vql wﬁthﬁsa@mfmwé mamjlabuN@H@ )netaég/thbtearg berd and whieh have properties

' d
sinfio P AR oy PREA e Pt e o ol c aPfecafideny; PiyPe . R,
ReORhIRIARA tHeH éﬂo%oegﬂt,ﬂ%ﬁd aR-aipIRss n‘l?libﬂg@ﬁatélf‘éhrbon also known as

mesi tyl ene. ntact 7 is a netallic el enent
diagronfl dikeishasbon §DhED. aze advtaniagedvaly udedbas mgammaacdﬁczd magerialgy DLC is
f the sacr.ifi 5| al materj

an B PP G PAOB R Ot O Gerior e o grgs are bonded
in zﬂl_ ﬁ\fglgrgz?lhfnh("t: leué'?gﬂ%\ll and %}ﬁcm‘éﬁnﬁl’e%qlq nﬁﬁy SaN Rdiaf@iE DEC % produced
when carbon is deposited under energetlc bombardment The instantaneous localized high
temperature and pressure induce a proportion of the carbon atoms to be bonded as diamond.
These conditions are obtained during plasma assisted chemical vapor deposition (PACVD).
The deposition is performed with a carbon containing gas, such as acetylene, which is
introduced to provide the energetic carbonions. Polymers can typically be spun or laminated
and then planarized, using, for instance, chemical-mechanical polish (CMP). Generally, any
number of organic compounds may be used as sacrificial material, such as photoresist,
polyimides, and PECVD materials, such as SiCOH and SiCH, silicon-containing organics,

carbon-containing glasses, DLC, SiLK, and the like.
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Re, Rh, Au and their alloys. SiLK and an anorphous
hydr ogenat ed carbon, al so known as

wa@oxmesid- | | ke- carbon (DLC), are advantageously UBETIUSIR/19449
organic sacrificial materials. DLC is 20 an anorphous
carbon contai ning coating wherein a proportion of the
carbon atons are bonded in a manner that is simlar
and which resenbles in nmany ways to diamond. DLC is
produced when carbon is deposited under energetic
bonBafednmg nowTtee Fign 3, atheae s sbowvo zabéhemdtibiidiggram illustrating the

reRIGR Detbisre e p Bl nd e facemoptued Bhe lastoreric materia
1 up N Hfpr&RnaT e B B%v@’rﬁhi&&%@vr%tﬂé WRch@Stast Bdorted against signal

chem cal vapor deposition ( . 25 The deposition
lindsS} heertb shevgmplivatidn of acantrolnvoltage i aviuaging akectrades linatshown).
acetylene, which is introduced to provide the
energetic carbon ions. Polyners can typically be spun
or zanBAbRMAbS ARFichiNGHIRERABA indSEhest/ Bial the difomer sees during the
i nstance, chem cal - nechani cal polish (CwW). Cenerally,
MEMS§ switalroperatén srshawn eitb oefprned® Frgy3:be used as
sacrificial material, such as photoresist,
pol yi m des, and PECVD materials, such as Si COH and
Si CH, silicon-contaiginhg- [
car bon- cont ai ni ng gl gés S?WDE%,)&;?E&%&Qand the |ike. (%)
WO 03/ 107372 PCT/ US02/ 19449 Referring nowto Fig. 3,
whgrténre is showmn a schematic diagramillustrating the
relati onship between the lateral (W and vertical (L)
di spl acenments of the elastoneric material 5 1 upon
conpression. The MEMS is shown in the on state with
contlacs thg vettisalidisplasgmentf the pphemer, £gnés> Bmdue to the

oF b Foe ekt ofBRrgracaRet i S Bt ot ypi cal

di sgl . | ur i
e REER A SERER e Wil il fo ANRHCE g2 20T | 0O
Fi gw & thd Yiddh bFidlastomb¥ic maetial, € gt,20(fh:Ahd(1) Wwherein

15 H, is the vertical displacement of the pol yner,
e. g8,is thelangle by which the elastomer is compressed.

Equation 1 represents the relationship between lateral compression of the elastomer
and vertical displacement. Due to the fact that a small vertical displacement is needed to
achieve contact of the MEM switch, a very low activation voltage below 10V is adequate to

achieve small movements in the elastomeric polymer.

The distance between the signal line and the contact is kept to about 0.5 um for improved

isolation. The strain €,, on the elastomer is given by Equations 2 and 3:

€, = H, - H,/ H,= 0.0625 )



10

15

20

25

30

H2 is the thickness of the contact pad, e.g., 0.5 m

S, is the lateral displacenent of the elastoneric
w@ao/ineERr, e.g., 2.0 gm Wis the width of el astetRUSIR2/19449

material, e.g., 20 m and O is the angle by which the

el astomer is conpressed. 20 Equation | represents_the

relati onship bet weefk: Fod B Al Erp@mpr ession of the

el astomer and vertical displacenent. Due to the fact

that a small vertical displacenent is needed to

achi eve contact of the MEMswitch, a very |ow

activation voltage below | OV is adequate to achieve
wherair E_pnyve3enGBa isrtht Neusd Modolwe fora typicalipatyme? Sand e Poisson’s

di stance between the signal line and the contact is
ratloefor theqobymaens tyPicsllynafomnd i0rdor Sohang Efsaioat3 fontheTdess o,,, one finds

strain eZZ on the elastoner is given by Equations 2
o,and0BMPag #hicHis tdasdnable fOGRE tyR)of ndBerdal WDhe Bywid TiB:s/stress that the

PCT/ US02/ 19449 ezz = 2 6xx V [ ymer (3) wherein
matgstg] grpsriences deoringrhe icycling of mmgwﬂam leggerrahe MENMDiswieh fatigue
lifeRQ h%@er and v, Poisson's 5 ratio for the polyner,

typl Cally, around 0.2. Solving Equation 3 for the

stress 6xx, one finds 6xx = 400 MPa, which is

reasonabl e for this type of material. The |ower the
str && 4 iHugtrat¢sean algrmate qnb@&lp@m@ theeceressnt ilrwgnttcme wherein a shunt

sw%%é}% in éngo Tstq;tglsv\l‘h)M':IF@fggncli] il@stﬂngnc B,Oliy‘i"F NEN?Q? évgstgwer is connected to

grotint S TaleidcBro@EINAHdNBN A DIC dhagdis apsliRt withtespetian grovng bt eRctrodes
a shunt switch in the ofd state is built around

8 agild8t drhe _reie@trpsiamr&xrcelcrealth&ea lamdtednmntlmsomn deformaple elastomer 1
resi i Men a2 RorbpRET T iiman ot vEicH plRdon “as a resut of his

compression, the elastomeric conductive polymer 1 contacts RF transmission line 2, shunting
it to ground and interrupting the passage of the electrical signals. When the DC voltage is not
applied to electrodes 8 and 18, then the conductive polymer returns to its previous state, and
the RF signal then flows through line 2. Line 2 is typically made of a low resistivity metal
such as Al, Cu and the like. The loss of a shunt MEM switch is determined primarily by the
loss of the signal as it flows through signal line 2 when the switch is on. The isolation of the
shunt switch is determined by the ability of the conductive polymer to interrupt the RF signal.
Fig. 4a shows the MEMS switch in the on-state while Fig. 4b shows the signal in the off-state

when the signal going through line 2 is shunt to ground.

In addition to describing switches capable of simply connecting or disconnecting a
signal, the present invention also routes a signal between two or more contacts (multiple
throw) or to simultaneously connect or disconnect multiple signals (multiple pole). By way of
example, Fig. 5 illustrates how two MEM switches are interconnected to achieve a single-pole-
multi-throw switch (single input and signal multiple outputs). To conserve space, it is possible

to orient the MEM switches circularly around a single signal input incoming at the center of
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8 and 18. The electrostatic force creates a | ateral
el ongation of the deformable elastoner 1 resulting

wo ora7ar2conpr essi on of the el astomer in the vertPCEIS02/19449
direction. As a result of this 15 conpression, the

a citrglgf]gmngss;})éwg g\yn ltzi)r\{ g l% tl%gggtglf E),Slﬁ%trahqjectrodes 8 and 18
i

attiaBi &JnaHawBEwevo gsa%)g'ﬁfgﬁ gcgta&n%g%l nl%g Grétgl %ﬂe%f?}ag@e?gto lift metal

eleamkiel’Band shent shgnal lireen§itece.i Ts guoloy wiyses tht Bwitsh,tshunting Sngnal In to

previous, st and, the RE_sign then flows throu
SighinbOSt §iied Zfemgins ygedvg, mpibitige ggra 1dn from pasging throys o Signal
t U
2GR, Phe mEpE st i fuBRCba1E seddif extEifed @0y BlmBy of switches,
alldvaag sighaltim® i ool t@syinimbeosiSigral Ouglines I(tgﬂﬂf individnally or in any
when the switch is on. The isolation of the shunt
arbiary epmbigai@Ver i ned by the ability of the conductive
polymer to interrupt the RF signal. Fig. 4a shows the
MEMS switch in the on-state while Fig. 4b shows the
Si gﬁ@l 6ishowHgseebnd tmbalimedtarf thidiaventignaor heisnitch prevlogibly shown
line 2 is shunt to %round 25 In addition to
S

in Kigs® rlihei MG Wit drillustiatgdan shovat ingherpn ytateo Hrfoasists 9f ap elastomeric
elelq ﬁttclqplﬂ?&; éﬂé?&d%o%ﬂcg@antlél&eenfgrégée%%erklﬂveg du%{] n&fﬁa?{?%fseor paste

es a nore cont
aretdaéd)w) achiaté the slastumedAd elementy The mmc ;wmdemomdee bonductwe path
mul tiple signals (nultiple pole 36 exa
at the gurfage pf thg Slastamersc maserialwdhosmgsa wpavéw@g arl@ 10 dlspersed at the sides
t Lt
of fhg Farstﬁ)g‘[éﬁg %al?%a? in) agg Q&ﬁ%@te@ to g{&hgl \?ﬁleﬁaeDgth) ds vohgg ggpplled to
emBéd%&e vetalBPeement & aridS1 80 OBt &Hlﬁgs Qlﬂ'e@erﬂé betWeeﬁ blembt\8, 18 and 9,
switches circularly around a single signal input
10¢reptenamagtraetiverplectioptatis forge ang agonpzession of the elastomeric materlal lin

the ICtT/ah"ﬁ?rfétigd'zlﬁn%c%wrf%shon in tg% rﬁ??rgl e elcg%r{ Frga%g ag Q °ﬁ‘§a'i‘§‘ in the
verfitlldnetticioandygd 4 Bé@ulﬁ'c@ﬁiﬁ&t'ﬁslﬁm@"ﬂﬁ’e diSconn&chetbigyal lifk8 5 and 6.
hori zont al part of elastomerl to lift metal el ectrode

7 and short signal line 5 to 6. This action closes the

h i gnal . | ignal. | . Sw .
orkitng & BptedeiatledVotsian ol P MEE Syiréhy Miin, ooleng: Therein is
1llu§t|9£t@&1 BEw e p%ngnéﬂal co%dﬁatve deRemaBe féﬁ@toﬁi&ﬂmaw&hat i cfeated for the

mgure can be readily extended to any nunb
second emhedimentdf tbwnngwtmmgwﬁi the MEMSbethemmt-mte (E:ga?a) and in the off-

stageng?ge. r7b)OfThSeI s%wtcL 1s%rmed deg défgrmzﬂ)?e elllsrt]grlngrgcdrlrjlgtlellgl 1°With embedded

metallic particles 9, 7 and 10. The metallic particles provide a conductive path around the

perimeter of the elastomeric material. The string of metallic particles 9, 7 and 10 are
connected to ground. A metallic transmission line 2 allows the transfer of the electrical signal.
Line 2 is embedded within the deformable elastomeric material 1 and is electrically isolated
from the conductive path of the metallic particles. Fig. 7b shows the MEM switch in the
shunted state. A DC voltage with respect to ground is applied to electrodes 8 and 18. The

electrostatic force creates a lateral elongation of the deformable elastomer 1, resulting in the

10
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arbitrary conbination). Fig. 6 shows a second

enbodi nent of the invention, for the switch previously
w@bho37210 in Fig. 2. The MEM switch ill ustratedP@BUS02/19449

shovvn in the on state. It consists of an elastoneric

sper sed conduct i ve art [ enbedded
coPREREPTHO! (4 IR B [ erin o ;A & resuf of fhedanpgession in the
Veﬂﬁ‘,ﬁ]uﬁt'&tlblh &hé |nfé‘§51ﬁ’é"r§£rh€le§}7%ﬁﬁkt th-Ehﬁ: eRh&hibdién line and shunt it to
particles provide a conductive path at the surface of
ground, ehtestuptieg the sigoadr | Bhe saﬁeeeffnet g be aghieveddiyemetalliartbiin films

0,dispers at si d eeast c material .
embeadgt3R s feesfiableFergind d antiSuuef e SricotTetalic pptissn s ghown in
iapPhied to 15 enbedded met al I ic element 8 and 18. The

vol tage difference between elenent 8, 18 and 9,

10cr eat es an attractive electrostatic force and a
conpr.essi on, of .the el astoneri ma

| at onEreR VAE Of B Preveil letswmgss*tsaﬁﬁttm biceastl ifegated into

exlitECMORarkd E@W@S%&k&@ Hagire8 ifldbtrhfeS yetVdlotHef 8émbodlment of
direction and, as a result, contact 7 Shorts th

thelprsohmeentan spetgﬁrailly Idesngm:d?oo be dasﬂy nrﬁégrEtleg int@ alcsnwennonai

NS RV S Ceehciol e it RO IR st Soodimen
feam@%@tauzﬁ%ong g%ﬂ%ge aﬁ nBl f%atu tuecde@atrﬁbteaéxasto?mﬁf ?ﬁ.té@ﬁﬂan to be

for the secon ment o he I nvention wt
cohvkivBvé or tohmntam ehbedded Fetpllichajtichesd Theswiheh io fHowrsinabeoff-state

(Fig S the Ottt (6. T0)w SonBRDYdS aPhlied bpeen clectrodes 8 and
10RAd Bét@Je@ﬁ‘ elRetrdded @d,maqs ;}ateﬁraeaeﬂle&to@t M&tr%hfs% ﬂ{dol‘ﬁ' ©d&ard

a conductive path aroun e 25 perineter
eleetraddsGnandi 1©. Whisactial condpressed defogmatfle eln!tainlencmp&nhi L lcessing

9, 7 and 10 are onnected to ground. A neta
e‘qnggﬁgtrﬁr% Isin the quﬁgﬁ? diregtiog,aad pushing contact. / against ﬁlgnal lines 5 and 6,

cog,lée?{g,ﬁrgga{mgllgﬁ%l Line 2 is enbedded within the

i€ elastoreric material | and is electri cally
isolated fromthe conductive path of the netallic
particles. Fig. 7b shows the MEM switch_in the
shufigsd9asPrdescrivs mocesystepsgbatare fully semppasible witlEMORiandBiCMOS

fo,aflgpﬁ,gaﬁg%{}%ﬁbgﬂ‘w%es 8 and 18. The 30 electrostatic

orce creates eral el ongation of the defornable
el astomer 1, resulting in the 10 WO 03/107372
PCT/ US02/ 19449 conpression of the elastoner in the
ver tlihe roaghs todei dspcribad hereinaBen is shgwn indFig Stppstastisg withiarsubstrate,

€. g.,ha silicon wafer (not shown), a high resistivity wafer such as silicon-on-insulator (SOI),
or a GaAs wafer, and the like. A dielectric layer such as SiO, is deposited on top of the
substrate, preferably, by PECVD (Plasma Enhanced Chemical Vapor Deposition) and a
standard Damascene single level photolithography with reactive-ion etching (RIE) used to
pattern and etch holes in insulator 12. Subsequent to the blanket barrier layer deposition (not
shown), copper electroplating the etched holes in the insulator 12 and planarization of copper
and barrier films yield metallic in-laid structures 22 within insulator 12. A thin barrier layer

such as PECVD silicon nitride layer 33 is deposited next on top of the in-laid metal. The

11
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vertical direction, the netallic particles 7 contact
the RF transm ssion |ine and shunt it to ground,

wo n3/ar7812pt i ng the signal. The same effect can bePCT/US02/19449
achieved by netallic thin filns enbedded in the

copf SAGuGuEERATH e i won NGk db PoligoSradss wil b

sulREQRANY bhl‘lWﬁl@Féoﬁ NAhSthértRicR& lh%e? %f Hl@le%c‘?ﬁsﬁlalt& 20 is then deposited
integrated into existing Bi CMOS processes.

on Fppyaf the airier uad;mmmegdeyqter aifbe rtmknest:buzfaihenﬁnﬁl2 20flayer Hetermines the

neiBhgPeul Y Rotble Q8Rne Srs! Hignelaness hepeasig-6 micrometers
FigS SRS RAROHE RS ce BRIHEE @&Bh’l@h&gotf A€ bdriek bf aﬂ;p@né?xrtl&?&ﬂte

enbodi nent © features the additional advantage of
requi ring the defornmble eI astomsrl c material to be

The Hebb Showcnt Rl miteg 15 G igpaaoy 2o The ysuHias Jayer 20 i
pattté?ﬁecpﬁ'_y Eﬁ(ﬁbﬁ’thégﬂa&y Metch%dcte '&Feraﬂé hd‘lég i%eth?ﬁﬁhl'aﬁ)q gg ﬂélorme or

bet ween el ectrodes and 10 and between el ectrod
chlance U:8ed RlE.e5 cmdﬂlefweehammﬁlmf smtleecstWoliaa,Sl" aN, anfbllé®ed by a copper

t.Qwar ectrodes 9 and 10. This a n conpresses .
seed a5t Séeibsae'%yaw@rvmorﬁlﬁmtﬂ% onltOPea gﬂt 1 PalipigRyachiagigrn 25 is

theRHilldd With & Y 3 H 81@&“@51;&&1 R m&arhnd bifHen At B6th gYanaﬁzed by
agal nst sidna nes connect | ng - Int
chdﬁﬁealonﬁchalﬁczg polihngesultampan nlbhldaelanMy ﬁ)hiped triesdllicastmictures 30.
g/ npatible with CMXS a BiCMOS 20 for
Flgr 85? tl Qs thi grooges aflerrampleng th?ﬁ@rﬁm%@%d $tePHe
descri bed hereinafter is shown in Fig. 9a starting
with a substrate, e.g., a silicon wafer (not shown),
a h Mht aeavist is patternededndretched vithi the insulaor over amareh ddrger than the
( nd the like, A dielectyic
ong a%%m@aéﬁﬁ %t%ﬂe@osﬂgf Eﬂs@)a@tb it éﬁw‘eisdba'b@‘ethﬁ@ﬁ the metal. The

S"%hgﬁ—.&[: %}a%{;aag%;klﬁe@gl Vhis Qég 5&% sk ?ﬁﬂ@aggﬁgggﬁgetal H)lates within

air 8avigl 38, With e bbhom@bfmbptateamhghmd i thesiagildtye -Hi@rd shows insulator
et chi gﬁ? (RIE) used to pattern and etch holes in
20 apd petl glectrodes SQigfercanity 39 pattei tiansierk Ehe pattarn isrestablished by way

o SEARR 4T Bl o AP en BB A oA SRRREb S i on e

copper and barrier filns yield netalllc in-laid

structures 22 within insulator 12. A thin barrier )
| ay &eferring next to Fig. 9e, the cavity is filled by deposition of sacrificial insulating

material 40, such as SiLK or DLC or polyimide, with the property that is easily etched by an
etchant such as oxygen plasma that will not also etch the original deposited insulator 20. The

sacrificial material 40 filling the cavity 35 is planarized by chemical-mechanical polishing.

In the following step, shown in Fig. 9f, another layer of insulator 50, typically

consisting of the same material as 20 is deposited on top of the existing structure.

Referring next to Fig. 9g, dielectric 50 is patterned and opened over metal electrodes

12
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30 such as PECVD silicon nitride |layer 33 is deposited
next on top of the in-laid netal. The 11 WO 03/107372
wWeOTosa2/ 19449 copper in-laid structure 22 sermeBUSIR/19449

the base upon which the netallic electrodes will be

bse uent | er ot her thicker |ayer of )
30K BRED FREsTTIS A compliieg T aiaLA cOBBLPEAL AnotalihbgigpRy stencil and
ﬂug,h@e Hhidrfile basdd €@ nitride layer. The thickness of
the Si02 20 | ayer determnes the height of the switch
novabl e el enent. A typical thickness ranges between
2-6 mcroneters. 5 Fig. 9a shows the process after
corrpl etion of the seri es of aforenmentioned steps. Fig.
b A ossed ofvﬁ Nitg%@'ista&h@n%é ﬁ’cﬂethﬁb%l%iﬂﬁn%mat%gal 40. This
Thelnsul ting | ay 8I ptternea y
cayptyos Bhallehthgn Apihgs dm;i agthebagintleacityelt, teabing emtctial 4Galdiethe cavity

nsul at o fl uor ne or__ chlorine base A
Waﬁ!%ﬁ‘&m ?(?@g%%%vgy Piter, The rish that sgmoyes t?wawnﬁmgl material 40 from
betf“%h me@ﬂ ei%@dés@@ra@és apoxﬁg&ﬂbdsémla deposi ted by
physi cal vapor deposition®on top and within pattern
25. Pattern 25 is then fllled wi th copper 30 by

el e rolatln rrier filnms are
pl anldf [SWHGSR nggﬂmfﬂ@ gﬁfgﬁr%z{?eaﬁpmgm wgter'élslupfhemgxt step,
|
F@BBI /Q's:l!l@k&be%{ gﬂkﬁhg@h:@fs }egfgi(lreésl‘lts g l?ﬂr&er %:lct)ﬂﬁp ﬁ%g t%sthe level of
theahnﬂeﬂmgnnatmvé Nett eamsaddftﬁm&leuiulatmg dayer 8 siuch ap6i3N§; lamdaai Si0, layer
and etched within the insulator over an area |arger

lsdebaﬂteahﬁtopaetrﬁ%f@wblemehm FRL3khdiaPRFi 8. to a
dept h t hat | ess than the height of the netal. The
Si 3N | ayer 33 acts as a RIE stop. This step produces
free standing, parallel netal plates within air
cav Refertddg now taFig 19, bpatteomsarsfer tontacp matakis faxmeth onte thsulating layer

803?36%5%@3}5@& sgppBanERIE {5 (e iS¢ g R 60 faverh Eneed not be
rerﬁﬂﬁggﬁ ib grﬁg% ahd bat gt {eéﬁxgllskyeté’f%\é? ﬁg 8§ﬁor§gm \gﬁﬂﬁ 'WB' electroplating

a bhmkﬁmoblmaﬁttalvsach asnRatR:lln Pt, RebePdi Mhe nexdl i1¢ dbpﬁslgad &er pattern 82
cavity . is fi dep05|t|on of sacrificial

d
an(§ wehindhe ﬂd af?&ﬁ'é‘i‘?é] aq%patgemqq by<chesnicd mechanical planarization to form
the%él%(t'e{ﬂ)ﬁﬁe nYMtJlIE hia& Pﬁgw&rylpt%e ?ﬁ easily etched by
gen pl a a

SUCRM&E oxy t will not also
etch the original deposited insulator 20. The 25
sacrificial material 40 filling the cavity 35 is

pl addier tedopyationenficentiactrbemalivinin Fig) 9 hegattern is transferred, and
dielectric layers 50 and 80 local to cavity 35 are removed. The RIE chemistry is chosen to be

selective to RIE stop layers within the dielectric layers. RIE stop 81 is removed from 50 and

80 simultaneously after removing the primary dielectric. Optionally, two photolithography

stencils can be used.

The next step consists of filling the cavity and planarizing the surface with additional

sacrificial material 40, such as DLC or SiLK, as shown in Fig. 9n and depositing a hard mask

13
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In the follow ng step, shown in Fig. 9f, another |ayer
of insulator 50, typically <consisting of the sane
woret®rs’al as 20 is deposited on top of the exi stPCEUS02/19449
structure. 30 Referring next to Fig. 9g, diel ectric 50
atterned and opened over netal electrodes
72 cﬁyp%?éwgsmwtmgmmmta lam nitmdg ari apumy @H&eefor.r@ttemmg the
acconpl i shed by way of a conventional photolithography
sacsifigiakiayeradhe handsensk aets ay andiEGtom andygsull irgreating a flat upper contact
step shown in Fig. 9h, cavity 60 is patterned and
SU@C@H@H’ Wmfﬁ?‘lﬁohﬁt"é?sr al 40. This cavi ty is smaller
than, but as deep as the original cavity 35, |eaving
material 40 along the cavity walls but not aI ong the

cavi h t noves ac
A B e P Sl ke 1IN S A Arg sfio i Fims o
oxygen based RIE. 10 The resulting cavity 60 is filled
angyPq h Il Eigo Ppathie pakernds wansfércedrtatrempye sacrifieialt materiahfrom outside of
ste Fig. 9i. A subsequent polishing step is
cayiygt. r bUFlgo9<ﬂ)I adiglestrie 7oHe deppstted o thonwthe opparswitsh spntgets. The
”mupgn s%l nagﬁrlal Next, an additi onal _
FRSU1 3t | ﬁg %5? such as Si3N4 and a Si02 layer is
deposited on top of the deformable elenent 40, as
shown in Fig. 9j. 15 Referring nowto Fig. 9k, a
pat tLeppaAr EorHARs &rand Grare farmedtimp sinsilak ananaer anthe lower contact 7. A

I nsul e sin lithography. .stencil
patef it el aie” s BEbRafnep aPREisR PPty RE RG] The crching
stdﬁ@bn %rdrﬁa@ﬁ‘?!ecfhe PLHRS R REaliYed IS)hQVBaPW Br dl&ctroplating of a noble
netallized by depositing by CVD,~ PVD, electroplating

meaal Iseindsedu, rRIbP@ ReetRdl. Eheatoblesmetal m@nbe the same asmeﬁdi 7 or different
and

thaInI tgF 3' Lgeé ﬁ’%rr gqjﬁalwttg lglﬂgl[yt éﬁt tg%{aggggwétﬁ&i (pgwhe upper contacts is

plaiEGRAND GRle sBruBiPdsi Zaldi60s EIQanQE'ﬁ%QQ the isol at ed
noble metal contact 7, as shown in Figure 91. After

the formation of contact 7, as shown in Fig. 9m the

pat rn is.transferr and dielectric | rs 50 and

80 1ocanclde @avm%?ssSg’eéP\éctw@mwneﬁﬁag ichédiodrmers the insulting
e R e RSk Py 0%, LS Ry an

steptal réibo\eQillshercirttign@sisaérifici trfaterlabma,tmggmtahe;aﬁfyl 9ta e completed

dielectric. tionally, two photolithograph
MEM sv&tc is show%om F?g y P araphy

Although only certain embodiments of the invention have been described herein, it will
be apparent to those skilled in the art that changes and modifications may be made thereto

without departing from the spirit and the scope of the invention as claimed.

INDUSTRIAL APPLICABILITY
This invention is used in the field of wireless communications; namely, in cell phones

and base stations.
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stencils can be used. The next step consists of
filling the cavity and planarizing the surface with
wa@ostiordmnal sacrificial material 40, such as DLECDUS02/19449
SILK, as shown in Fig. 9n and depositing a hard mask
13 Eg 03/ 107372 PCT/ US02/ 19449 72 such as tungsten
C lumor tantalumnitride or titaniumnitride for
patterning the sacrificial layer. The hard nask acts
as an RIE stop and results in creating a flat upper
contact surface with mnimal roughness. 5 The next

BEIEENTLRE Nt S NN S S

pathohfpRSH %erred to renove sacrificial material from
out si de cavity 35. In Fig. 9q, a dielectric 75 1is
deposited to formthe upper switch contacts. The
insulator 75 is pl anarized. 10 per. con
and 26 capomeds Hs@fm?ﬁ%elgmﬁrf 1)} havingrfeyo &?%‘H& cprafﬁ\st«we sides
9,§@pt act 7. A patternis formed in the insulator 75 by
photol|thography and reactive-ion etching. The etching
stops on hardnask 72. The pattern is nmetallized by

CvD, PV ectroplatin f a nobl metal suych as

Au, 2pndysgor (SZB pagsionad\an p Bisiner tase O%fvd glastpmeric defarmable
efRhLAl r dlfferent than the netal used for contact
ee&%l@!%qn y, the metal deposited on the upper contacts

is 15 planarized to give structures 5 and 6, as shomn

in Fig. 9r. To conclude the grocess the structuyre

pat %@P%HN%@U@{M@W@%@&D upstantjalj ppsallelgo Sﬁﬁpap?smg
t
coldheli FE4AR of BRI BBARIE ielShi1) TRl sblisge appled
betalekn edvh ofahidi apposisg s@mucﬁve@nab (TR0 )eanidal co@nree;aindmg cme of said two
air cavity 90. The conpleted 20 MEMswitch is sh
actugfiqr %ject@éies (A3 ﬁb@lgﬁr%iﬂtryalkyeqtftr@ﬁthsa&r@mswgrwgdleﬂtw ﬁées (5,10)

tov{/emi? 93#r%ﬂ9#ﬁ¥§8§e§ skl %gt t?oeh %c%roal {1(1 1%9116e101r1§j1t10n of
sallmlilstﬁ)hﬁ:ﬁt idefosmatly ei@ﬁleﬂﬁd ?W‘hh:ﬂf Iacesl‘datchﬂiﬂlﬁu&epéﬁ) fin H@irection
fromthe spirit and the scope of the invention as

away fpmesdid elastomeric deformable element (1), thereby closing the MEMS.

2. The MEMS as recited in claim 1, wherein said actuation electrodes (18, 8) are

positioned within said elastomeric deformable element (1).

3. The MEMS as recited in claim 1, wherein deactivating said voltage applied between
each of said opposing conductive sides and a corresponding one of said two actuation
electrodes (18, 8) reduces the elongation of said elastomeric deformable element (1) and

opens said conductive path.
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25 | NDUSTRI AL APPLI CABI LI TY This invention is used in

the field of wireless communications; nanely, in cell
w@bores’2 and base stations. 14 WD 03/ 107372 PCT/US02/19449

PCT/ US02/ 19449 CLAIMS 1 1. A mcro-el ectronmechani cal

smntch MEMS) for opening and closing a conductive

4. pat fhe SsqSﬁgmteé in glaighl.eyhesein said petiatignleptiodes (18, 8) are
po%{s@ﬁ;}}ut%@ s?w %%}?%e?&?%ie@erﬁe?@ gﬂ%&ﬁ \(«ﬁ)eﬁélrfga‘?(% ﬁ;_hductlve
pathyl) ac®ereés sai aased:ﬁeﬂocrmﬁcsmbtéelmmbll)e 8 elenent (1),

and 9 at |least two actuation el ectrodes (18, 8)

substantially parallel to said opposing 10 conductive

sides of said elastoneric deformable elenment (1)

wherein a voltage applied 11 between each of said
5. oppd&e MENSH uedmezdeh dhiges wWikrdifh mﬁgaaméd eetmaﬂl kdid actuation

ne of said two actuation el ectrodes

ele@lf@&SKb%tSAtané Hhe cyméleqﬂwaéndgs Sal Q) o paid §Eaﬁgméeﬁ é@fefmabée element
(])Zéc?g'% elggp] Jee tro%gibéﬁ%rtq% c?%)rtéseaslg thqi el%ggzﬁﬂ)?\ g%ldzi?foqmable

elastbmed @1 )sadutting! iASdid ﬁﬁﬁtbmedeﬂé)fbl’fﬂiﬂleeleﬂneﬁtﬁ(m) be(ni@ shmlmeﬁéd ina
di spl aces sai d conductor (7) in a direction

trapsvese shieetion, allaving paid clagpmenmpkecqtactuth sels!)conqltrféw@ Bgfth (2),

kN cited in claiml,
shu\?\%ﬂ? ('etl %n&slgl?%%gg:{?%%%sl %’yﬁ og:ﬂgg{\@ygalas?%r{f 8) are 2
positioned within said el astoneric def or mabl e el enent

(1). 1 3. The MEMS as recited in claim1, wherein
deactivating said voltage applied between

6. The MEMS as recited in claim 5, wherein when no voltage is applied between said
actuation electrodes (18, 8) and the conductive sides (9,10) of said elastomeric deformable
element (1), then said elastomer returns to its original shape, allowing said electrical signals

to flow through said conductive path (5,6).

7. The MEMS as recited in claim 1 further comprising a plurality of parallel actuation
electrodes (18, 8) wherein a voltage difference between any two adjacent actuation
electrodes (18, 8) electrostatically attracts the free end of said actuation electrodes (18, 8),
further increasing the displacement of said conductor in a direction away from said

elastomeric deformable element (1) and closing said MEMS.

8. The MEMS as recited in claim 1, wherein said MEMS is configured as a single

pole, single throw switch.

16
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2 each of said opposing conductive sides and a
correspondi ng one of said two actuation 3 el ectrodes

w@ 0810782 reduces the el ongation of said el ast omeEPCTUS02/19449
def ornmabl e el enent (1) and 4 opens said conductive

th 03/ 107372 PCT/ US02/ 1944 WS
9. Fecil béb/?ﬁl}\ﬁ@asa?%ei Qi b egan B A MEMS ieiorbBRietiab 8 soele
polé],@,]t,ﬁa %\,&gw ti oned outside said elastoneric

ment (1) and wherein said conductive 3
path (2) traverses said el astoneric deformabl e el enent
(1). 15 The MEMS as recited in claim4, wherein a
vol tage applied between said actuation 2 electrodes

10( 18Th§}\/[m§ gl? 1&95@# %l&?éﬂﬁ&e(e? n%ggimpf)f S éiastomenc
el astoneric orna enen 3 (1 gener ates an
defetreatile elsmantiic gbware by Ean:rleat es a lateral elongation
of said deformable 4 elastonmer (1) resulting in said
el astoneric deformabl e elenent (1) bei ng shortened in
a 5 transverse diregt 2, id e stoner
make contact wth sa?ld#gon uc J}QBlﬁﬁ (2), h"i‘
shunting it, and interrupti ng passage of an eI ectrical
a%gpal 1 6. The MEMS as recited in claim5, wherein
when no voltage is applied between said 2 actuation
el ectrodes (18, 8) and the conductive sides (9,10) of
said elastoneric deformable 3 elenent (1), then said

el ath éribe eloagaiancofithe ¢l@%om¢rngdqﬁ<ama§l¢aﬁéﬁnenal | owi ng sai d
el e r| nal Iom1through sai d conductive
pat ?‘g)th'ﬁﬁ'% EI"R%CW@ KECLYs recited in claiml

fur Shﬁrth@mm@sndss edertof £ dldsyorfdricR¥ctable eRfienat | On

2 el ectrodes (18, 8) wherein a voltage di fference

bet \)béérthamdtb\nﬁ elagjomesigdetprmatle elemegt, andct r odes (18,
r ost |caII tracts t efree end .of said
act gdi ﬁ@ﬁmgle Wlﬂﬁfbé‘e Egtomgpc defermahle glementjs peymrressgd.

t he di spl acenent of said conductor in a direction away
fromsaid 5 el astoneric deformable el enent (1) and
closing said MEMS. 1 8. The MEMS as recited in claim

1, wherein said MEMS is configured as a single 2
11 pol dhe MEEMSastregited/inselpinmch wherein said elastomeric deformable element (1)

=

W

is made of a material selected from the group consisting of polymer, polyimide, SiLK,

DLC, and silicone rubber.

12. The MEMS as recited in claim 11, wherein the strain on the conductive path is

given by Equations 2 and 3:
€, = H-H, / H, (2
£,=20,V/E

polymer (3 )

17



16 WO 03/107372 PCT/ US02/ 19449 1 9. The MEMS as

recited in claim1, wherein said MEMS is configured as
w@oxiosfize- 2 pole-multiple throw switch., 1 10. Ther/vERB9449

as recited in claim1l1, wherein the elongation of said

el astoneric 2 deformable el enment is govern by

equation 1: 3 H +Hz = (W 2S1)/2 tan(0/4) (1) 4

ergin 5. i s the el pngation of thep,el asto i
W By & ol Pl T REIR A oV pFs@E" O fr e polymer.
conductor, 7 S, is the lateral displacenent of the

el astoneric deformable elenment, 8 Wis the width of
el astoneric deformable elenment, and 9 0 is the angle

by i the el astoner.i c. def or.mabl e el e S .
13 0 e S5 o Sl HRInES, B S ForfuEF Lt Froge of  materal
sel¥i&] Bbm thebfdup lcasdistinB lof W daf Bd, TR Re| RIEAU addltheir Allbys.

made of a material sélected fromthe group consisting

of polyner, polyimde, SiLK, 3 DLC, and silicone

rubber. 1 12. The MEMS as recited in claim1l, wherein

the strain on the conductive path is 2 given by

14 Equathe MEMB a8 nétitdd imclfinZE vheldin bhid ActtihtidnZlectrdd®s (IBZE) are made
—2axxv/ Epo, ymer (3) 17 WD 03/ 107372 PCT/ US02/ 19449 6

of gumetesiahselgstedyfnam thesgryepieensivtiogip4l, Cor andW. pol yner, and
v Poisson's ratio for the polyner.

15. The MEMS as recited in claim 1, wherein said each of said conductive sides (9,10)

are comprised of interconnected metallic particles.

16. The MEMS as recited in claim 1, wherein said conductive path (2) is positioned

within said elastomeric deformable element (1).
17. A method of fabricating a MEMS switch for opening and closing a conductive path
comprising the steps of
a) forming discrete metallic bases (22) on an insulated substrate;
b) forming a plurality of metallic beams (30) respectively on each of said bases (22),
c) forming a cavity (35) to free each of said metallic beams (30);

d) filling the cavity (35) with an elastomeric deformable material (1),

18
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1 13. The MEMS as recited in claiml1, wherein said
conductor (7) is made of a material 2 selected from
wo be1ogsaup consisting of W Pt, Pd, Ir, Ru, Re, RI/U$12/19449
and their alloys. 1 14. The MEMS as recited in claim
1, wherein said actuation electrodes (18, 8) are nade
2 of a naterial sel ected fromthe group consisting of
aher SrmEs Pnddudoen B SRS (Fnd SEubRGIC Beiginpp R 'f"ate"a‘ M
are conprised of |nterconnected metal lic particles.
The MEMS as reci in c wherei n sai d
con@tfgm"@é apleast tt"?)‘“‘f‘ %g??‘Juﬁﬂ\éﬂpath WO said
el astoneric deformable elenment (1). 1 17. A nethod of
fabricating a MEMS switch for opening and closing a
congyetposmg pleet élast&nexm‘dnfwmabtg mdlemﬁ(le)ﬁmvmg the a')lbedded metallic
&Hh] g di screte net ases on an insula g
P Zhecondugipr (79 Hv; @n qﬁwsuoa (%P) iodnae ectisabantact
(
be‘“%‘%&%%é G} b Pl RSSO deating theMEMS.
beans (30); 6 d) filling the cavity (35 with an
el astoneric deformable material (1); 18 WD 03/107372
PCT/ US02/ 19449 7 e) formng a conductor (7) on a
surface of the elastoneric defornmable material (1); 8
f) formng at | east two individual conductive paths
(5,6), and 9 g) exposing the el astoneric defornable
material (1) having the enbedded netallic 10 beans
(30), the conductor (7) and the conductive paths (5, 6)
to nmake electrical contact 11 between t'he conductor
(7) and the conductive paths (5,6) when activating the
MEMS. 19
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