RF MEM5S SW TCH W TH A FLEXI BLE AND FREE SW TCH
MEMBRANE Technical field The present invention relates
woaodsheodsechni cal field of Radi o Frequency (RFPCT/EP2006/002076
switches inplenmented by Mcro El ectronmechani cal
Systens (MEMS). Prior Art Mlcro El ect r onmechani cal
Systens (MEMS) switches are now wi dely used in Radio
Frequency (RF) conmuni cation systens such as for
exanpl e phased array antennas, phase shifters,
swi tchabl e tuni ng conponents, etc.. RF MEMS swi tches
are essentially mniature devices that use a
nmechani cal novenment which is electrically actuated in
order to achieve a short circuit or an open circuit in
a RF transm ssion line. A RF MEMS switch thus
5 essenRRAMEMS SWITICH VT AdrISEXHRIE ABRhEREE SWITCH
m cr onechani cal means t@fg ly,be generally referred
as "sw tching neans” “ﬂ be noved into two
different positions : an offposition corresponding to
the off-state of the switch, i.e. a state wherein the
transm ssion line is o n not be used for

! Reshnicahfield b
cor  esgRaprestrd TRRRRRL Rl 6, A JEhiA Al of Radio
10 FrequentigRE) Bwittites miplsmieadasy Midie Blsctiophasie@icat 8fstems

can be used for transmtting a RF signal - electric
Xhat will be generally referred as "actuation
nmeans” ; said electric agkataqn means are generally

used for generating a force that is applied onto the
mechanMiarb Bletfrarhecsaniesl 8ystemo (MEMS)switches tane noat wiglely
eir osition and/or _into their off-position.
HE@/% iRagln FeabeneaRiDeammNBicalinSYSiemS Saiparaa for example
15 HRESSPLHEY RRPRAS LI ikt févatcﬁsbré%hmg i et
rostatic, electromagnetic, pieZoelectric,
eI ect r ReVIBMS asvitaads are ressestiallifl rariatosst devices that use a
thPISthe e|n use to date,

njcal gpysment %ﬁevfgig%%qtq qgra% uated in order to achieve a

shor’t circuit or an open circuit in a RF transmission line. A RF MEMS switch
thus essentially compriseé two distinct means:

20 - micromechanical means that will be generally referred as “switching
means” and that can be moved into two different positions : an off-
position corresponding to the off-state of thel switch, i.e. a state
wherein the\transmission line is opened and can not be used for
transmitting a RF signal, and an on-position corresponding to the on-

25 state of the switch, i.e. a state wherein the transmission line is
“closed” and can be used for transmitting a RF signal

- electric means that will be generally referred as “actuation means” ;
said electric actuation means are generally used for generating a
force that is applied onto the mechanical switching means in order to

30 move the latter into their on-position and/or into their off-position.

MEMS RF switches can be classified into several categories based
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S :ch: Ing times (typically less than 200ns) and a
virtually zero power consunption. Furthernore, in R

WOEMS/mew4s ch desi gns, ’ /
can be conbined (for exanple an el ectrostatic vol tage
hold can be coupled with a,thernal actuation). MEMS RF
switches can al so be classified into two categories
based on the contact used for switching the
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patent No 5, 638, 946. The use of RF i '
MEMBSx iswlitehes cMapsed micromec§1anical vaFc:ansvmmégﬁsescoWﬁs%g a

stress-free rigid beam that is freely mounted onto the substrate of the switch.

RF MEMS having a flexible anchored membrane -

In a first configuration, the flexible membrane is anchored onto the
substrate at both extremities and is thus forming a bridge. MEMS switches
using a flexible bridge as switching element are disclosed for example in the
following publications: US patent application No 2004/0091203, US patent
No 6,621,387, European patent application EP 1 343 189, PCT application
WO 2004/076341.

In a second configuration, the flexible membrane is anchored onto
the substrate only at one extremity, and. is thus forming a cantilever. MEMS
switches using a flexible cantilever membrane as switching element are
disclosed for example in US patent No 5,638,946.

di fferent actuation techrChmE®s006/002076
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menbrane (bridge or cantilever) as switch el ement
encounters the main foll ow ng drawbacks. These

wewhiemaessare very sensi ble to tenperature var PAriEB2®6/002076

and to nechani cal and/or thernmal deformation of the
substrate (first main drawback). During actuation,
when the anchored switch menbrane i s defornmed under
the force generated by the actuation neans, the said
menbr e i wses Wi KRR eMEthS hewjtches c havingala Slexible | anghoged
in turn dramatlcall reas

b Jo 6 Sl 5 Sk eraEE i e .
tﬂ@%\hlﬂg grag&ﬂaecﬁ THeSe aéWltheg' drebeen)y Renkbié tSV\»temiErature

ress-free and rigid beam are for exanp
Hratibes emhd to mechpeial pad/entherpialideieneationPo 1ﬂ'@33@lgquate

In this publicat th
iy CabF el RIS S Ten B i AReidBAn sigh
[Ts T aéf' 0% & B?frc])'rr‘?lea RldRPend frée gendrited bglthé actuation means,

anot her variant, the rigid beamcan be, a
mbosald nyembaan lrasubjanteﬂr’r@e!nlgh ﬁ@@@h%’é@’ﬁe‘é\’?sﬁo ich In”tun

on ion _and of
el dpaeaees e bkt PR RF, MEPS A {ophd main
ﬁ}%\ﬁ@%\/\z)eously overcones the aforesal d drawbacks of RF
t ches haV| ng ananchored sW tchl ng nenbrane.

i Y stress-free
and ri
_ %Fnyﬁ%’iqqg sw@c‘?‘%gcrzﬁmgq % %f?@é‘serrf)r\e”é‘r’%ﬁof ﬁgﬂg&éb@eare for
Q@ﬁﬁ%ﬁ%@g@sanmm&mwn patdntobgllammlom ER) 1489 639. In this
hey are nore t
phblme@gprthﬁl syyi |Qiﬂ@entﬁjaé3&?$$’é§”gﬁ‘ ? fan f@@&lrﬁ%%ﬁbimeen
n.o t t
BBl FoPTib an b rRRHRR AF B e ot 9 REAREES U Seiste
!mhgpbgiéfe Nfdriant, Itthﬁtmgu? bepns egadbmaeﬂloaﬁﬁgm dhat ean freely
ver comes e a wb
e ot e SR MR B ! BFllor R i
perpendicular to the substrate.

This type of switch advantageously overcomes the aforesaid
drawbacks of RF MEMS switches having an anchored switching membrane.
In return, these RF MEMS switches with a stress-free and rigid switch beam
have a longer switching time (i.e. time that is necessary for moving the
switch beam between on-position and off-position). Furthermore they are
more sensible to mechanical shocks or vibrations.

Obijectives of the invention

A main objective of the invention is to propose a novel structure for a
RF MEMS switch.

A further objective of the invention is to propose a novel RF MEMS
switch that overcomes the aforesaid drawbacks of the RF MEMS switches
using an anchored switch membrane.

A further objective of the invention is to propose a novel RF MEMS

switch that has a short switching time, in comparison with the aforesaid RF
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A further objective of the invention is to propose a
novel RF MEMS switch that has a short switching tineg,

wonowmapasi son with the af oresaid RFMEMS sw t CRES/EP2006/002076

having a stress-free and rigid switch beam A further
obj ective of the invention, s to propose a novel RF
MEMS switch that is | ess sensible to nechanical shocks
or vibrations in conparison with the aforesaid RF MEMS
NMPEMSSgiscHee Havingea stressBed and rigiddswitali eaii t ch beam
Sunmary of the invention At |east, the 0 '
obj ect&/ {usthes obigeive & thﬁ/'nﬁ’ﬁ'%t'%ﬂsl\;ﬁl%%a% %%‘g’?' RFaEMS
ritch1BafTE |IENG RIS 8 Rchbiieal dheers bevibkatoailis esmparison
I'ng

onechani cal switc means that can be actuated.’
)SWItch

Wieh Weeaforewaid &S MEMS 'swaiches bavipgs siress-re ang;rig
and a second position (on state), and - actuation
s for actuating the position of the swtching

means. Accor di ng tgg,,ﬁﬁﬁn[@'fm@mo@hﬁbaature of the

i nvention, the m Cronechant cal sw tchi ng neans

conpr i Ateleast texiabbee moaibr ebiectivei ishasckieyed dyythey BEOME%S
by su rt ans, which is bendabl e under the action
W‘tqfh%pci%% ti on neans, and which can freely slide

rel at i ¥igl REMEMES sRHEPET the RMtioh Bpmiwisesig .i t s bendi ng
movenent. The wording "freely supported” uste%oclj t herein
(i-n micFonheshanipal syitching meabs &at|canrke aguaieg bepaeep fwo

switch nbr an an _.f. ' | &tMg! t

supp op?gﬁﬁ’f@a r?sﬁraﬁ P P?}'B&F ﬁéﬁ’ g%lt%)gﬁdng s%tg\t/) }éﬁé“ﬁs‘“gp @ﬁ eState)’
menbr gag between the off-position and on-position.

Short description of the draw ngs, QH)E%[I o

char aacwafien maansrier %@U%ﬂﬂga@@ioogﬁ'of‘ 1 Swiiehing means-
appear ,nore. cl early on.r.eadj t I | i iohedthe
descriﬁ‘??%rﬁ'%ietgh &Iﬁg rr%a%l@ gifq%ayfggyrﬁoh?g(ﬁr%gdgﬁree and,
RaBrohidhbhieal swadithg mearts vomprise faeflexible membiane which is

?r%gﬁngfpnp%dg% g; g&\npggr‘% n"(ljenan\gl,1 Iw?\pch is bendable under the action of

the actuation means, and which can freely slide relatively to the support
means (3) during its bending movement.

The wording “freely supported” used therein (in the description and
in the claims) means that the switch membrane can freely slide relatively to
the supports means during the switching movement of the membrane
between the off-position and on-position.

Short description of the drawings

Other characteristics and advantages of the invention will appear
more clearly on reading the following detailed description which is made by
way of non-exhaustive and non-limiting example, and with reference to the
accompanying drawings on which:

- figure 1 is section view (in plane |-l of figure 3) of a capacitive RF
MEMS switch of the invention, the switch being in the off-state,
- figure 2 is a section view of the switch of figure 1, the switch being in

the on-state,
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- figure 1 is section view (in plane |-I of figure 3)
of a capacitive RF MEMS switch of the invention, the

view of the switch of figure 1, the switch being in

the on-state,- figure 3 is top view of the :
capacitive RF MEMS switch o? figure and, - figure 4 is
a section view of the switch during the manufacturing

pr oc efigure 3risl ajtals viebedithe cahacifivenRF MEMSaswite eft figyire and,

RE-VERBIS. TS 1R BRGHON Yiathat e ORI auo frEAEaTipbitiing
e”bod;gﬂaeaés Ahgt lh's%gw@rthé fRal ERAskRlstepf clarity, it

must ‘however l'ined that the scope of the

|nvenL|gn|s not | i Petailed descripfioni ti ve RF MVEMS ‘
switc ut en I

SWi tch@gureﬁhé%egéﬁgﬁfegc%%@%':W?R’ﬁ"c ‘Nﬁﬁ‘gures ade
%E’co?dlpgstoapr@féf%d Sinboainent éfhk insertion. g?mrrwktaoofodanty it

and can be manufactured by usin
must boweverdie lsmde‘rmm ﬁhﬁtﬂ@r&c@ﬁﬁrﬂfﬁ@e mehm iggiatdmited to a

Refertin h
GRRRAitve %‘F[ ﬁ\/‘% Wéténaé@egﬁgy I'Cl un) opﬁmré@%taRF
NS SWighes. The C%Wab@ihe RF MEMSdwitarc of fgurleayb to 3 has a

deposited onto the surface of said fer
doedletuctuce thagds now going ovhe @%tat‘:@ﬁrﬁ’?% be “}%Nbl%af’?“fed by

aced r W i ng nmenbers

'“Br%?{“"g@l iﬁg%éﬁ%hﬁl{{r@lgﬁé@érg% Irec égon of figure 1
( see f Referang to figiireet; tthe RFYMEMS @adich eompaises @wafetn‘ln@or
nmenber 4 that extends in a di rect on .sub antl a

exemplecimade of esiigiym) drrmawg; Hie & betzate, o y,{’g thin
fle_rfbcgltéé I%{e(r' 29s ,Q;;ébotsﬁgd tJrﬂ'@Stﬁérsiﬁfa@brépkélenW@ferH g@fnethe

_ "gut e sald central supporting menb
Hidedtnig| Saomed;vxbteh\mmprisbe two |ateral supporti ng

m : d f bl
Ingtesg\{?logmﬂ%g tqpre eraﬂé%/rg an?aﬁgﬂhﬁf{gﬁS f,@\qgwbteﬁs 3, that

L at er gl SUPRIAE 't%s@@@edll%caen foh@igtireP1 $s6d AgEre0s - direction
Y).

. one central supporting member 4 that extends in a direction
substantially parallel to the main direction of lateral supporting
members 3 (i.e. in the transverse direction of figure 1 - see figure 3),
the said central supporting member 4 being disposed between the
two lateral supporting members 3, and preferably at the centre
between lateral supporting members 3.

In contrast with the lateral supporting members 3, the top surface of
the central supporting member 4 is covered by a thin dielectric layer 5.

The two lateral supporting members 3 and the dielectric layer 2 form
a Coplanar Waveguide (CPW), the two lateral supporting members 3
corresponding to the ground lines. The central supporting member 4 forms
the signal line for the transmission of the RF electric signal within the

coplanar wave guide (CPW).

- figure 2 i s BCTAEERRI06M02076
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the central supporting nenber 4 is covered by a thin
dielectric layer 5. The two | ateral supporting nenbers

wa 2006ch9993e di el ectric layer 2 forma Copl anar YavEgi060/002076

(CPW, the two |ateral supporting nmembers 3
corresponding to the groung Iines. The central
supporting member 4 forns the signal line for the
transm ssion of the RF electric signal within the

copl armae lstaral gnd dJen(rﬁPW'Pmng anembersadd4 carat fogexample

r;;é)g |(<)D1rc tglljggtaggun%bg% golgy, i’hg Ir(ﬁ?lg%h: %ﬁ%ﬁ%ﬁp%@%soﬁ gy5e?%n
HS? msﬁ %’f?d gaécﬂ%héP wifg vagt R slepleicsingsndustivity.
OW el ectric

conductivity.” For exanple, the
mbreé@mme thé digdectri@layets 2and & aradeads ofsslllqownﬁ tridet r i de.

The FRELS AL A Mo BB 69 oA i comen
%Hr@”@or@tlgﬁfj@ b9 a ahifetlétibleomeitane & made afs a metal for

um ni um or any conductive all gy tr ex
emmplb suoth aanaudinigmf rgsdd, yors@ppsofﬁftlwcﬁ‘{el 8¥-t b? {e

TR o T G e oo
@%nﬂﬂ.ﬂs@,\/\n opposite extremties in the form of pI ates

I'n the particul ar enbodi nent of the f
centr aRetﬂmmg 6 figurer 3cthenfexible, switeh Qiﬁe@wg'ggr‘ﬁ??ﬁta main

' at er aI rect 't@Pa({pﬁ; @%%ﬁﬁehﬁ%s iAURE %rn?BPE%'téé 88. In the

ave a |rrenS|on taken in

f;mﬁlchfé'ﬁ%b&inﬁélht ofi the Figueas, (tIYe) cehtralhmrs ﬁpps)rectalggular and
nbers 3 is greater than

eg@ndagmltlm Iqﬁa[ dlegptlomp@() abgye tl&@ ‘fqtﬁ@ﬂspgéqr{qp% méfBers 3.
TERAAEE & skl R el g oRRRh arrckaoh ) o
T rduppertdg’ imekabérer i ltt@talsp@eatge BNt ﬂmgﬁdthhl(%h of hihe
central part 6a _of the e.is fr
Teapatiateat a0l herthansih dRdEHHE i Aie RO gt TpRErant
R PR e merbrane on IﬁZ‘EULB%r?FﬁSSnL%er 3
but wi Eaehtsuppodiagimembaes Srfurbresiieclgdds omits e pgrt a bridge
r;;%\lftl gg {o(?rlrlﬂgl \ée;l)gssta%et Eg tsr’gup&o hlcr:‘l'fJ the central part 6a of the
membrane is freely positioned. The plates 6b of the membranes in
combination of the bridge parts 3a are used as fastening means for
maintaining the membrane on the supporting member 3 but without
hindering the membrane 6 from freely moving relatively to the supporting
members 3 during normal use of the switch.

The RF MEMS switch further comprises electrostatic actuating
means that are used for bending the membrane 6 and that are formed by
two lateral buried electrodes 7. In the preferred embodiment of figures 1 to 3,
the buried electrodes are advantageously disposed outside the coplanar
wave guide (CPW) under the two plates 6b of the switch membrane 6. The
top surface of each electrode 7 is covered by a dielectric layer 8 in order to

avoid any ohmic contact between the membrane plates 6b and the
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menbers 3 during normal use of the switch. The RF MEMS
swtch further conprises electrostatic actuating neans

wohede/avmsused for bendi ng the nmenbrane 6 and POBEP2006/002076

formed by two |ateral buried electrodes 7. In the
preferred enmbodi nent of figures 1 to 3, the buried

el ectrodes are advantageously di sposed outside the

copl anar wave guide (CPW under the two plates 6b of
dlbetradust 7. eedibleatrie 18yerd Becandpe seplacaskbyany gier equivalent

BpaEs 1S envBlectogn o B RoEet B Y e plates
@Sgﬁﬁfh@@leﬁﬁ‘gdé el ectrodes 7. The dielectric |ayers 8

can be reéplaced by any other equival ent neans that
Offadtate to avoid an ohm c contact between the nmenbrane

| 6b and. | ) : 1od
P how rioHRS Toisr SEaing Thb 0T Siafe, (oTodRRbR ST e RRMENS
SHEENN thd St Ebnfigurkifors o1 bledtriat acibationosighalcisrapplied

actuation signal is applied on the electrodes 7. In
dhéheéleckodese!. the switch nmenbrane 6 is at rest and is

' t W.th,t i _ .
e e S B 3 g o
With the didiEctfie MA@, Tuei slgnd| (R4 isPopdrescabihg can nbCtransmit

signal is applied on the central supporting nmenber 4
any &Fdsgnalwlgmﬂle copianar gukledGh\Wat ati ¢ force (F1) on

th | ptal WRSHb

tne reniPiael R TP sPald o URE eI Sagorgy Hpaber

?|f ih-crtief f Berval smal$ﬁ;eatrg_@tetigm|at(ﬁg¢ougrg_memlprarmﬁ and
ow consunpt . .

aniain @ pesesicanat bR MEnyERpe S U feRdyie ayer
t t /i

BnelioABLAE 88 PCT YO canlly AR e VY rage

ebnélraptiorgsi ng DC signal has . to be sufficient in

cent r allhisabesion G S ara ake Befldn cree emraroli 8% we
WRAShiSI 585 behMdrfinelelbétfic B ERd the membrane 6 when the

membrane is at rest. In such a case, the voltage of the biasing DC signal has .
to be sufficient in order to exert a contact force F1 (figure 1) on the central
part of the membrane 6 that is higher than the opposite rest force of the
. membrane.

In the off-state position, the membrane 6 is advantageously
supported in a stable position by the three supporting members 3,4, and is
thus less sensible to mechanical vibrations or shocks in comparison with RF
MEMS switches that use a stress-free rigid switch beam (publication EP
1489 639).

Preferably, when the membrane 6 is in the off-state position there is
still a small gap between the plates 6b and the bridge parts 3a of the lateral
supporting members 3 [figure 3 — dimensions (d)]. Hence, the supporting
members 3 only vertically supports the membrane 6 (direction Z of figure 1)

and do not exert any mechanical force onto the membrane in plane (X,Y).
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In the off-state position, the nenbrane 6 is
advant ageously supported in a stable position by the

wohow@supporti ng nmenbers 3,4, and i s thus | eSBCT/EP2006/002076

sensi bl e to nechani cal vibrations or shocks in
conmparison wwth RF MEMS swig ches that use a
stress-free rigid switch beam (publication EP 1 489
639). Preferably, when the nenbrane 6 is in the

THee § e noaRBtharicdl lstress inslused in the roarbrang:® by dheuadseral

th | at 6b and the brid t.s.3 . I
SOppENOImETRErDARES 1% MEHEoBe 6 RinDrEHER by
Qﬁggag%th?hsupp%ti ng ge?g_ers ;3 onl % v;er]tti cal y1
s e nenbrane irection 0 i gure

do notFigwer 2 ianshaveog dhé oail-state @@nﬁgﬂféﬁ@mé)?ﬁ@ﬁb'?%ﬂ@gﬁﬁ
I X1Y). Th is th ' : i
Siitobn e b age B ouRS e PN L oP 1 RERasH phey g
tgg_%gpgﬁaerﬂ% 438 foorderii cbitacoiin tedielentis layent ; the RF

e Fi'gure I's show ng the on-state
signdliliger edn be uséd fardramemiingadvlf s9Ral- I n this on-state

configuration, .the i

Con T S i, B3 BRFE Rekap S ot pne

?iiré‘&tiﬁﬁtié iifcrbaye&t, vhich it irremsdls therresistemcbeofiBe gwitch
or transmtting a RF signal. In this bending state,

irieenbrend B0 eikyaliarfsrsIopks-t he out - of - pl ane direction

| S in&rgase[d, \égi%h in turns increases the resistance
RILE S 05 ane 6 to vibrations or shocks. From
of f - st b @chRvBMhé loatfafEcontigurtiont A signahiseapplied on the

configuration, a DC signal is apPI.i e

clesioacaict 1 reiofaciror AR RPes Be) PYPERShe
2 t d d .

blsctradft, ToRRY S fefblerBRaics @CshRCoRprONART faIbss fo in

LB birRkieh akitrs tp Gitéiah gupporting sSnémberss 8 scaises e diengdings of

the memb fi 2) | h th t
R T ORIy AT
REhBEES | Salify 2l icdt@ridfaye ingej thd RF
PEnBEhELS io Biled akiy AR hebildtficayet ool ¢
RyHem). of the

It has to be underlined that during this switching movement of the

membrane 6 (and also during the reverse switching movement from the on-
state to the off-state), the membrane 6 is totally free to slide relatively to the
supporting members 3, within the passages 3b of the said supporting
members 3.

Thanks to this free movement of the membrane 6 during the
switching operations, there is less mechanical stréss induced in the
membrane 6 by the supporting members 3, in comparison with the RF
switches of the prior art wherein the membrane (bridge or cantilever) is
clamped onto a supporting structure. Mechanical fatigue and creep due to
cyclic stresses in the extremities of the membrane 6 are avoided, and the
membrane life time is thus advantageously increased in comparison with RF

MEMS switches of the prior art using a membrane that is clamped on the
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menbrane 6 (and al so during the reverse swtching
movenent fromthe onstate to the off-state), the

woendsroayas6 is totally free to slide rel ativel pCrmPL96/002076

supporting nmenbers 3, within the passages 3b of the
sai d supporting nmenbers 3. ;Thanks to this free
nmovenent of the nenbrane 6 during the sw tching
operations, there is |less mechanical stress induced in
dubstraenbrane 6 by the supporting nmenbers 3, in
conmparison wwth the RF swiches,of . th L,Qr. Ak
wher eiDve ledhadag thakt FHP?’HE@"&ES Bres f"eﬁ{e‘"?’ rF%EI{é?IYa}r%ghf
S |9 wHehUGhe!r RF MAERS switcii ald gsubnaitied  to
s@lﬂéggﬂgue ?@B&sﬂ .

CyClic stresses in the extrenities of theh
tempBrane 6/aiations,oithie d expansiern eang niglaxaion; fof fhepsyiic

EmBraTie 6 SReS TOF PIVoKB Al pERG dr Y nidBtaRE, The
ke ERRDSHHN of BRSIISHGH B thDycvantageolislgtnt liempetature-

ane Is Tree to nove relatively to the .
dapepdahi, g canttast syithwRén MEMS Rewikghes™ el prips art using a
subnmtte p tenperat val.l.akLi ons, the expansi on and
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stampereadoesetieldepentt onithe cuhsiraist (Wafer) GRpVaiRifsn particu

swi tches of the prior ' - |
Sk ool LM e {300 Bl o
Vér?at@hs righa mechasiealnmnbiraints 6r durrg ther fabticatiorderesess,

not depend on the substrate (wafe kN
pithoitc impairingrihe %ﬂcbmapp%’ﬁ&%?- f%%ﬁ@%&gé‘”ﬂc'&aﬂ the
occur, f - | & defopinagon, |
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The RF MEMS switch of the invention it thus
isdclamped eoibe pubsliiatesensi bl e to substrate defor mati on,

in °°”§%Hg%§&am {‘%A;Fachﬁéﬁaﬁwmge§wﬁéh,tihﬁappém fragtiently

usi ng ne I's clanped on the substrate.
@enahalswitchi elementptickst ovibe RiISIRENE lsyer ibhhe; eff-piaipelte t©
fnﬁﬁgtﬂ?é' f)l ?allectrostatic charging of the dielectric layer. For the switch of the
invention, thanks to the use of an actuation force (electrostatic forces F2) for
moving the membrane 6 towards the on-state position, the sticking problem
of the membrane onto the dielectric layer 5 is solved.

From On-state to Off-staie

When the DC on-state actuation signal on the electrodes 7 is lower
than a predetermined threshold (pull-out voltage), electrostatic actuation
forces F2 are no longer applied onto the extremities (plates 6b) of the
membrane 6, and the membrane 6 is bended back in the off-state position of
figure1. The movement of the membrane 6 from the on-state position (figure

- 2) to the off-state position (figure 1) is caused by the restoring force of the
membrane 6, due to the natural stiffness of the membrane 6.

Thanks to the use of the natural stiffness of the membrane, the
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that the switch elenent sticks to the dielectric |ayer
in the off-state, due to noisture or electrostatic

wohevegoygsof the dielectric layer. For the sw PCiVE®2006/002076

the invention, thanks to the use of an actuation force
(electrostatic forces F2) for noving the nenbrane 6
towards the on-state position, the sticking problem of
the nenbrane onto the dielectric layer 5 is sol ved.
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Wﬁ_@e 6. Thanks to the use of the
P e REMENS Skl BRsr g, RERYR AR by

JP{?@%Ebﬂ\ﬂarih%néﬂe&){rféc%sFnuﬁamaﬁﬁm‘lg%bhn@lqglese(l .bi gy depositing
tric energy. The swi tchi ng)stl me (fromthe on-state
s patkeroing-ssvetal layers agle gwatele particul ar enbodi ment

of figures gE%@i h

i nvent' 'Sﬁ‘ﬁé ?‘ﬁ‘&‘@’% @Fyhgﬁgl@ an reqlﬂl?étegﬁ%rom(}eg%tt)rﬁagon

@‘?)%égé’ahdi‘ béféﬁ@ﬂﬁé Mébsm%bteBFﬂhﬁw&a&mmalfﬁaﬁQﬂaﬂ layersare

tress-free rig SW t beam (publ i on EP 1 4

b&iay . uhslédgﬂ'hesels ﬁaﬁﬁfmﬂd@‘ﬁfﬁl 8 rpafGE etal,

tc f, to 3 can be manufacturedb

é\fbf %‘ﬁﬁtl"g %%5%‘% m cromachi ni ng t echnol ogi gsusu e

rr&rane 6

by depogktirsosadiickatdyer 9 isgusssl aradepasitivgsthenm
wafer). Figure 4 shows}etrhe $ 11 o :

pht thelsli¢lectric d;ayem?o@g@ tgﬁosatgg%/E gﬁayeﬂ 5 réggci\}erq%ttﬁé final

step

irlceued S5, 8 i Pleigio 08 o the RuRbEare 8 %‘ﬁ“ﬂ?ﬁ?ﬁ?‘%ﬂ te
(WEHhieYane 6 extendlng between the lateral supporting members 3 are
released. The other sacrificial layers 10 and 11 are used for releasing the
membrane 6 from the dielectric layer 5, and from the lateral supporting
members 3 (ground lines).

During the fabrication process, the distance between the membrane
6 and the dielectric layer 5 (i.e. thickness of the sacrificial layer 10) is very
short. Typically, this distance is less than 0.1um. This advantageously
involve that the profiles for the membrane 6 and the dielectric layer 5 are the
same. Since in the off-state the membrane 6 is at rest and is not deformed,
and the profile of the membrane 6 is the same than the profile of the
dielectric layer 5, then a perfect surface-to-surface contact is obtained
between the membrane and the dielectric layer 5 in the off-state position of
the membrane 6.

The invention is not limited to the preferred embodiment of figure 1
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polymer, dielectric material). One first sacrificial
layer 9 is used for depositing the nmenbrane 6 onto the

removed in the final releasing step, the two plates 6b
of the nenbrane 6 and the part of the nenbrane 6

ext endi ng between the |ateral supporting nenbers 3 are
rel eased. The other sacrificial |layers 10 and 11 are,
W8 ot amnriss eatsindgior A Rfe MEMS cv6iohes Ahaheompese & feble
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sl membrage) I s: oo PapRHego, s ERE Y Spdgorting
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ayer 5 (rl.e. thi ckness of the sacrificial |ayer 10)

'Bneimery iﬂ_ort . OITypi cally, this distance is |less than
. [ vant age [ a0rpf A i
for ¢ hENSErBPIRS T g b nbl RcskRap i Rtati
2 S. Si ncedip the off-state the nenbrane 6 is at rest
and is_not deforned, and the profile 5
i5 s t EeTbamweman eneble temake gﬁPﬁCﬁ%{ed%'\@an@r{’Bé@E\eﬂ'”Q
then a fe e- L0 t [
Semhio gl Paralfi s Vefi, Hif, SRCARBLREY, Miproyed RF
Beiformidriedl Thetiaventlonsistrore partichlarlyremidr mainlys intaresting for

oraiengcBacii B MENSPhes (BAoRD B 1ok Ak Tioh RF
SYrbF TS L iBab R et RH KNI GestidrTtbatpbr ane t hat

ppor nto substrate by supportin
menber Fher irveation ke howevdranot dintitedd4b| eapasiive %Fe MEMS

L
;@59 'rg;gm&y? lfﬂefsﬂééla% 4 Ret BB nERPaHthéMRE RFEMEMEwitshissdhin

\ ver oW actuati on par ame_t er S,' very f a_st
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Spotes e 3 Bl Gl bR 3R, B
:)H\I/I‘gplt ?EEH?Z QH-%katé "RSSHRACHMREn ey nstalffE cbhiati positiened
between the lateral supporting members 3 and a second metallic contact
which can be for example permanently in touch with the membrane 6. In the
off-state position, the membrane is no longer in touch with the said first
metallic contact.

In case of a capacitive RF MEMS switch, the dielectric layer 5 can
be carried by the membrane 6 and not necessarily by the signal line 4.
Alternatively, dielectric layers can be carried both by the signal line 4 and the
membrane 6.

In the preferred embodiment of figure 1 to 3, the actuation
electrodes 7 are positioned under the membrane 6 (i.e. between the
dielectric layer 2 and the membrane 6) and outside the coplanar wave guide
(CPW) formed by the lateral supporting members 3. This particular position
of the electrodes involves the following advantages. During the on-state

configuration, there is advantageously no risk of interaction between the
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R%?W@%@Vﬁth%m%ﬁ%é%qt he dielectric layer 2 and

the nenbrane 6) and outside the coplanar wave gui de
(CPW fornmed by the lateral supporting nenbers 3. This
particul ar position of the el ectrodes involves the
foll owi ng advantages. During the on-state
configuration, there is advantageously no risk of

i nteracti on between theelectrostatic forces (F2) used
for actuating the position of the nmenbrane 6 and the
RF signal transmitted within the coplanar wave gui de.
The surface of the electrodes 7 can thus be |large, and
inturns the "on-state voltage" applied to the

el ectrode 7 can advantageously be very low. This
particul ar position of the electrodes 7 is however
only a preferred characteristics of the invention. In
anot her variant of the invention, the RE MEMS switch
coul d be for exanple designed in such a way that the
actuation electrodes 7 are positioned above the
menbrane 6. .CLAIMS 1. RF MEMS switch conprising

m cr omechani cal sw tchi ng neans that
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can be actuated between two positions: a first
position (off-state) and a second position (on-state),

swi tching neans, characterized in that the

m cronechani cal switching ggans conprise a flexible
menbrane (6) which is freely supported by support
means (3), which is bendabl e under the action of the
actuation nmeans (7), andCWAIMS can freely slide
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subst gpfetrel(ztively Wb ei@btppdrt feahs ¢3) dusimgriissmndingmovement.
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3 h
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o E%EQ%WEM% A6 ShERDs 2 wheRE T Sfies sigthi
an ) .o - I-on

over - oA e B R I B e . e
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hi ndering the mepbrane (6) .f f I l'idi
r el at im@Mbhrang EhOMH FHe Cﬁﬂreor?g‘flﬁﬁér%ie%% :jSIrlngg t he

e A e i Pty el
layer (2) is deposited on the surface of a substratenP1), wherein it
further comprises two metallic supporting members (3) that form a
coplanar wave guide with the first dielectric layer (2), and wherein the
membrane (6) is freely supported by the said two metallic supporting

~ members (3).

6. The capacitive RF MEMS switch of claim 5 wherein each supporting
member (3) comprises a passage (3b) through which the switch
membrane (6) is freely positioned, and the membrane (6) comprises

" at both extremities two over-dimensioned parts (6b) for fastening the
membrane (6) to the supporting members (3), but without hindering
the membrane (8) from freely sliding relatively to the supporting
members (3) during the switching movements of the membrane.

7. The capacitive RF MEMS switch of claim 5 or 6 wherein it comprises

a third metallic supporting member (4), that is positioned between the
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signal, and wherein at |east one second dielectric
| ayer (5) is interposed between the nmenbrane (6) and
the third netallic supporting nenber (4). 8. The

capacitive RE MEMS switch o erein the | )
secondMf BIERG sUPpeiiBg nae?L? ran%@%ys Hﬁ%é @i signal line

met al | f ¢ RWl%h%?%BHEgJ?%%Bga\ vﬁ]a%t oﬁ@%e @rﬁ’@ale‘iédﬁ‘?c B?gs (5)

VEMS svmt erein t nmenbr ane

isin tsomtembsmitkbetWeensﬁteomnierdbmnec(a)l andaﬂmr tiiis) metallic
when t he ma rane (6),,is at rest. 10. The RF MEMS

swi t chSYtP réﬁle of claims 1 to 9 wherein the

act yat rRae BﬁlvérRFeN@J‘lSoﬁlﬁih' of ERAAS 7 \Mlae@“l? the sgecond

capacitive RF MEMS swtch of anyone of clalms

wher ei dietasticalayen(d)da camiatsbwtle mlrddmetﬁltcasunpqm:mmember
t hat c%@‘pri se two el ectrodes (7) for bending the

menbr a away fromthe substrate (1), and wherein the

two ¢l eré fééi!)%%ltl(/é) RET RIEMS| $Witihedr @mimBe2 sas e aherdid) the
out si de the copl anar wave gui de.
membrane (6) is in contact with the second dielectric layer (5) when
the membrane (6) is at rest.

10. The RF MEMS switch of claim any one of claims 1 to 9 wherein the
actuation means are electrostatic means.

11. The capacitive RF MEMS switch of anyone of claims 5 to 9 wherein
the actuation means are electrostatic means that comprise two
electrodes (7) for bending the membrane away from the substrate (1),
and wherein the two electrodes (7) are positioned on the substrate (1)

outside the coplanar wave guide.



