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EWitches implemented by Micro Electromechanical System
(MEMS). Prior Art Micro Electromechanical Systems (MEMS) switches
are now widely used in Radio Frquency (RF) communication systems
such as for example 15 phased array antennas, phase shifters,
switchable tuning components, etc.. RF MEMS switches are essentially
miniature devices that use a mechanical movement which is.electrically
actuated in order to achieve a short circuit or an open circuit in a RF
transmission line. A RF MEMS switch thus essentially comprises two
distinct means: 20 - micromechanical means that will be generally referred
as "switRRiNEMS SV8! TOH m’riaam RIEIBICH ANDIWREH BRI @ ESItions :
an off- position corresponding %ﬁrgte of the switch, i.e. a state
wherein the transmission line |s open afnd 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 Stateﬁé’gﬁﬁ?ég tﬁglgansmlssmn line is "closed"

and can be used for transmitt | - electric means that will be

generallyﬂ@feﬂ@@%@ "invaation riekiss" tsaitheldeshnissludieih medRedive
Rﬁ?&% YSeEfauaenssatingemdates Shalis-arnbeg piaibsicaeshamicl

means in order to 30 move the latter into their on-position and/or
-off-position. MEMS RF switches can be classified into several
categones based WO 2006/0999#5P &/ EP2006/002076

Micro Eleciromechanical Systems (MEMS) switches are now widely
used in Radio Frequency (RF) communication systems such as for example
phased array antennas, phase shifters, switchable tuning components, etc..

RF MEMS switches are essentially miniature devices that use a
mechanical movement which is electrically actuated in order to achisve a
short circuit or an open circuit in a RF transmission fine. A RF MEMS switch
thus essentially comprisee two distinct means: '

- 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 the switch, i.e. a state
wherein the‘transmission line is openad and can nhot be used for
transmitting a RF signal, and an on-position corresponding fo the on-
state of the switch, ie. a state wherein the transmission fine is
“closed” and can be used for frapsmitting 2 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 fo
move the latter into their aon-position and/or into their off-position.

MEMS RF switches can be classified inioc several categories based
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2 on the electric actuations means used i.e. electrostatic, electromagnetic,
piezoelectric, or electrothermal actuation means. Electrostatic actuation is
the Erevale_nt technique in use to date, since it enables to reach shorter
W ; . . PCT/EP2006/002076
es (typically less than 200ps) and a virtually zero power s
consumption. Furthermore, in RF MEMS switch designs, different
actuation techniques can be combined (for example an-electrostatic
voltage hold can be coupled with a thermal actuation). MEMS RF
SWitshasieancalaa eimiassibadsnteewd.caeigotiesiait celeslianaeditact

used for switching the transmissiondine. .e. Jastrl 4 coptact
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means. A first main category comprises RF MEMS switches whose
hcomliashaiiaItBRMeAIRGTHRYSRS comprise a flexible membrane that is

anchoreglonte Rrsuhaiiae ehthasbitcbiadsiimbidocaegatyavinp HessRF
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MEMHLAAE (%80FBAME eMRiure of their micromechanical switching means.
A first main category comprises RF MEMS switches whose
micromechanical switching means comprise a flexible membrane that is
anchored onio a subsfrate of the switch. A second category comprises RF
MEMS switches whose micromechanical switching means comprise a
stress-free rigid beam that is freely mdun’:ed 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 eiement are disclosed for exampie in the
following publications: US patent application No 2004/0091203, US patent
No 6,621,387, Européan patent application EP 1 343 188, PCT application
WO 2004/076341.

in a second configuration, the flexible membrane is anchored onto
the subsirate 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 5,638,9486.



the substrate only at one extremity, and is thus forming a cantilever.
MEMS 30 switches using a flexible cantilever membrane as switching
element are disclosed for example in US patent No 5,638,946. 3 The use
of RF MEMS switches having a flexible anchored membrane (bridge or
cantilever) as switch element encounters the main following drawbacks.
These switches are very sensible to:’temperature variations and to
mechanlcal and/or thermal deformation of the substrate (first main

draw n the anchored switch membran
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the switch element is a égld beam that can freely move between both
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move between both on-position and off- -position in a direction that is
MEMmawERtul %W‘?Hé@&i‘@% b3S type of switch advantageously
RFovVEIRBnagitheaiuesaid ditawdsaitke afdRigM Eb@rswnches having an
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or vibrations. ctives o e invention Embodiments of the invention

andefipeitopdae Plavveldtusrsaits! ARbe e taititth aRRibBtiAERR. the
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and off-position irr a direction that is 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 o mechanical
shocks or vibrations.

Obiectives of the invention

Embodiments of the invention seek {c propose a novel structure for a RF
MEMS switch.

Embodiments of the invention aiso seek to propose a novel RF MEMS
switch that overcome the aforesaid drawbacks of the RF MEMS switches using an
anchored switch membrane.

Embodiments of the invention further seek to propose a novel RF MEMS
switch that may have a short switching time, in comparison with the aforesaid RF



switch that overcome the aforesaid drawbacks of the RF MEMS switches
using an anchored switch membrane. Embodiments of the invention
further seek to propose a novel RF MEMS switch that may have a short
switching time, in comparison with the aforesaid RF 4 MEMS switches
having a stress-free and rigid switchgeam. Embodiments of the invention
further seek propose a novel RF MEMS switch that may be less sensible
to mechanical shocks or vibrations in comparison with the aforesaid RF
MENMBEMissvitehes iy ingtrestréssaltrrl aigttrigidicevdteinbeam. Summary of

the invention In accordance with a figst aspect of the present inventian
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actuating the position of Ing means, characterised in that th
switibriogaschanical switching means comprise a flexible membrane which is

freely supported by supggg\mgiﬁg%f\@ﬁécm\jémgqable under the action of

the actuation means, and which can freely slide relatively to the support

meari§ deFifgdenBendify molisi&seatetlditing ersaly Binspoiead thse) s
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membrane can freely slide relatively to the supports means during the
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advantages of t Invention will appear more clearly on readin, e
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relatively to the support means 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 characieristics 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 |-i 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,



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,

W\!}V%?}(}Zﬁ%99lo99945 PCT/EP2006/002076 5 - figure 3is a to% 5@/%199&;[6})%% -

capaci Re RF MEMS switch of figure and, - figure 4 is a section view
the switch during the manufacturing. process, and just before the final
releasing step. Detailed description™ Figures 1 to 3 show a capacitive RF
MEMS switch that is made according to preferred embodiment of the

inventifigured? sakéopvisatiof the pRRAGIBIRERE M aeifriel figiraand
scope h{he NVENIAgRLIBNCY e SARIFIEASFMEMS SRyt
encompasses also ohmic contact RF MEMS switches. The capacitive RF
MEMS piwiess o inddefaesihadng 615891 ER ure that is now going
to be detailed, and can beppasaciaergibiionsing conventional surface

micromachining technologies. Referring tq fi the RE MEMS switch
5 comprisEHGRaTE1e &o?h%Wa%BFéoﬁﬁ%g? 3?"&3;\{@%'#§ T%Wﬁ‘ﬁ;lg & EsSuB’é?rEg e
of dheraniteh. Adiinedielaptiinayert ihe dpositinhofity thaksurfadarty siid
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S AR R ek e atesn 8 S il
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10 tremmletsectirethighionfiygeing-teds figtaled) atkkcaniBeBRPAENRIYG
%Jﬂg%r ﬁx&}ﬁ%&\ié{}ﬁé@g DRINRER SN JYSIHeIabisapPOrting members 3,
na e ei'\fgfe\yriraxgt; Etgefiggp; r’ie, ttt)“s%tv!?\g%e{\r}?Eliai\}lesrasl\n?i’lcjc%pgé}tl}npgrisn;grg k{r%?e? 1 (for
example made of silicium) forming the substrate of the swiich. A thin
dielectric layer 2 is deposited onto the surface of said wafer 1. On the
15 dielectric layer 2, the switch comprises:
- two spaced-apart and paraliel lateral supporting members 3, that
extend in the fransverse direction of figure 1 (see figure 3 - direction
Y).
- one ceniral supporting member 4 that extends in a direction
20 substantially parallel fo 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
hetween lateral supporiing members 3.
25 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 1o the ground lines. The centrai supporting member 4 forms
30 the signai line for the transmission of the RF electric signal within the

coplanar wave guide (CPW).
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25 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,

w-éhz% tg/}{gglgteral supporting members 3 and the dielectric layer 2 form a

oplanar Waveguide (CPW), the two lateral supporting members 3 o0u207e
corresponding to the ground lines. The central supporting member 4 forms
30 the signal line for the transmissidn of the RF electric signal within the
coplanar wave guide (CPW). WO 2006/099945 PCT/EP2006/002076 6
The laterabaatberind seppargRABMBSPSTNerS fdr A5 ipIEXARARIE of

a metal.such o} i I ighdeL-layRysid/ardbeane ken
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which is constituted by a thin flexible membrane 6 ma%e of a,{ghetzillefofgn,E
examplel BadRFM BN YORFTFARD EESR I EAVEINS e rexibie
Wih memaned s/ reehisdemitedaintashbytheddeerd supetatior
members 3. 10 Referring to figure 3, the flexibl itch Qr ‘?E@xﬁﬁé a
eEREnS AR @QJ%%L{WO%B oste ae%rgr%?t%%\wgthéwnm br?%l plates 6b.
lsiieh pAstsianemhedivmntoipiertgustdedst bynithal [péptaasigporting
rectangular, and extends in the lateral direction (X) above the lateral
JBPGR P members 3. The plates 6b have a dimension (%taken in the
longitudiRafetiiegtionfigdref3l 3hadleubiosichsamhenafalias Geagp
han e, [\ hiRcoIBELARCBCRAEET Tie ARG gidize Bxihiane
membrane 6 1s not important for the invention. Each supf_)ort%?&rpembe S
Drufiteairambisineenitotdip e bridgSPareRefoRRify S Y48 58
%%Hg which theeentiiiRashoaphils20enerskipsgpisoiteg) yrpostimel.
e plates 6b of the membranes in . o o ;
The plates 6b have a dimension (E) taken in the longitudinal direction (Y) o
the supporting members 3 that is. greaier than the width (&) of the
rectangular part 6a. The shape of the fiexible membrane & is not important
for the invention.

Each supporting members 3 further includes on its 1op part a bridge
part 3a forming a passage 3b trough which the cenfral 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 fresly moving relatively fo the supporiing
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 1o 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 1o

avoid any ohmic contact between the membrane plates 6b and the
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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 su orting

rgs?f?during normal use of the switch. 25 The RF ME%’%%&?{W 476
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

aldsaotigetUshedigtasdd loyesidd tAB BapRmared AVagyioEgCINGERIE
Egé{v}\g ﬁ%tgga%%q the sichpemyaae: 6 e HomeHnasobiaash

IS covered by a dielectric layer 8 in order to avoid any ohmic
cbraadtihewledrotss membrane plates 6b and the WO 2066/099945

%%%20061002076 7 electrodes 7. The dielectric layers 8 can be

repfaced by any other equivalent means that enable to avpid i
contact bigWweeh theshWIs dhg ﬁl%@ét%t?%'ﬁ@ﬂﬂ{ét@%c??oﬁ s@? (%E%{E%e

S\FigHre l dsshevingtherstistaieconfigwetionofbioR BigMBEMS appiitsh.
In this off-state cqnfiguration, no electric actuation signal is applied on the
QBB AREHTONTIHe off-state, the switch membrane 6 is at rest and is in

contact withdhsrdielecttie laydteh it isignaldiie f sepanbié dneeaidiot
transmit 10 any. RF sic ithin the,.cop idg (¢ Rrgf g
R oY B B e AP s el S o AR e
aanRlF elgatibstitic fercegRbpogURde (éMibrane 6 and maintain a perfect

contact bg%@g@g&%@ﬂ%%ﬁﬁe@%aﬁftﬁ@%@}ﬁr@wpp%rtﬂ‘gerﬁéiﬂber

off-state vantageously very low (low 15

cbrisumistian) eXeis HrBAlyaECSsREFifarso Gdemnihedse B @be

d¥&Rain a perfect contact between the membrane 6 and the dielectric layer
5 The said off-state DC voltage can be advantageously very low (low
consumption). '

This biasing DC signal is also useful in case there would be a very
small initial gap between the electric layer 5 and the membrane & 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 8 that is higher than the opposite rest force of the

. membrane.

in the off-state posiion, the membrane 6 is advantageously
supported in a stable position by the three supporting members 34, and is
thus lees sensible to mechanical vibrations or shocks in comparison with RF
MEMS switches that use a stress-free rigid switch beam (publication EP
1488 639).

Preferably, when the membrane 6 is in the off-state position there is
sfill a small gap between the piates 8b and the bridge paris 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 (LY.
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small initial gap between the electric layer 5 and the membrane 6 when
the membrane is at rest. In such a case, the voltage of the biasing DC
siiqal has to be sufficient in order to exert a contact force IE:% I]ii%%ewl(k} ol

eitrat 0 part of the membrane 6 that is higher than the opposite reat”
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
sheeks theomparsbanidth RESSMES e Reethanrs Bydheddivat
flgia Syitch Deam oy bhealion 48R089 Ripiceabliate pesitbe.

afe 67is'1n the off-state position there is still a small gap between

re-gitdtes 6b and the bridge parts 3a of the lateral supporting members 3

[figure %@i,lgegqg)%émhd%%cgnt%@@@ﬂﬁ@a@aaemmberﬁe OAEMS

vertically Supports the membrane 6 (direction Z of figure 1) and do Hg%
eésrhally e R RYCEIBIRPIhR SRR %)?Srg’ee&% R
2006/090945P G ERRORMNAA Eontidiheite thdhlislenrineyatictieiéss

induced in the membrane 6 bréthg later, ggg_%?rting members 3 when
giaaidinmrare BivTRdiY SERXIL PR & ion =" B state Figure 2 is showing

the on-stateRopkadIagcnanE tHecRRdvBRSe Ssiitiitest lin tHis Ghishidane

configuration, the membrane 6,i ] ; wand
RS EaRL e o Do, £ Janes SR s

n
c t e
hedseaderdandmitiogsaoRivsiRal. In this bending state, the membrane

3 %’:ffnesgi_isj tpeetg%tﬁggfggne direction is increased, which in turns
| of the switch to membrane 6 to vibrations or.
shocks. Froactivetae ©n-wateeaatsaiphe v e SNEtARARBITY Orkilth,
a RGSignals gppligghPndngreate electrostatic forces (F2) between the
electrodes 7 and the membrane plates 6b. Said electrostatic forces F2 in
combination with the lateral supporiing members 3 causes the bending of
the membrane (figure 2) in such a way that the central part 8a of the
membrane 6 is moved away from the dielectric layer 5 (closing of the RF
signal line).

It has to be underlined that during this switching movement of the.
membrane 6 (and aiso during the reverse switching movement from the on-
state to the off-state), the membrane 6 is totally free to slide relatively 1o the
supporting members 3, within the passages 3b of the said supporting
members 3.

Thanks to this free movaement 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 fafigue and creep due fo
oyclic stresses in the exiremities 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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electrodes 7, in order to create electrostatic forces (F2) between the
ilsectrodbgs 7_and thr(]a rr?embrane plates 6b. Said electrostatic forces F2 in
com ination with the lateral supporting members 3 causes the bendin
V& zi'ﬂgur%é?ﬁbrane (figure 2) in such a way that the central p%?t%%’ %)‘Pf‘ﬁ“gz{%é
membrane 6 is moved away from the dielectric layer 5 (closing of the RF
signal line). It has to be underlined fhat during this switching movement of
the 20 membrane 6 (and also during the reverse switching movement
Siaypntkte . on- state to the off-state), the membrane 6 is totally free to slide

relatively 12 {06 SUROGHINGD HaRES L Wi BRAssacemaR gl mea

support lé members hanks to this free movement of the membrane 6
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coattilraes Gsdermnivt @ GHRKR %ﬁﬁéﬂm@k‘ﬁﬂaﬂﬂ%ﬂ%&@ﬁ@% 5%guee

e o
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gmgsatﬁﬁgifaiﬁmsﬁwam PCT/EP2006/002076 9
o A RnRE 08 DA A0 fee ey
trﬁtgﬁu@&{ﬁtg%vznitidesememﬁmsm@@ (elafesli TSR siEATECUIEr
RAREAEE M R e ourie e e
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Ao R NSRD DS IR RS VpaedoRs. s URSRIBMS switch of the
invention it thus advantageously less sensible fo substrate deformation, in
comparison with RF MEMS switches of the prior art using a membrane that
is clamped on the substirate.

Generally, in a capacitive RF MEMS switch, it happens frequently
that the switch element sticks to the dielsciric layer in the off-state, due fo
moisture or electrostatic 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 probiem
of the membrane onto the dielectric layer 5 is solved,

From On-state 1o Off-state

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 Bb) of the
membrane 8, and the membrane 5 is bended back in the off-state position of
figure1. The movement of the membrane 8 from the on-state position (figure

' 2) to the off-state position (figure 1} is caused by the restoring force of the
membrane 8, due to the natural stiffness of the membrane 6.

Thanks io the use of the natural stiffness of the membrane, the
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Furthermore, thanks to the use of a totally free membrane 6, the 10
structure does not depend on the substrate (wafer) curvature. In particular
small deformations of the substrate | can occur, for example under
W EISAVaTiations or other mechanical constraints or dur|ng(%EIEPZBOGI{MG76
fabrication process, without impairing the switching operations. The RF
MEMS switch of the invention it ths advantageously less sensible to
substrate deformation, in 15 comparison with RF MEMS switches of the
PECERENSiIOG themembrancptsiionstolhasietriarostipaiatensaseAIR, in
capacitive RF.M t thedrthe switcktate
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e position (figure 2) o the off-state position
(Qw&ﬂéﬂﬂr@ssmajya‘hﬁwmbmg@éﬁée of the 30 membrane 6, due to

the natural stiffne k [%tthg:tgsqm thaeyneduoal
sﬂffness%%e %ngr?ﬁ@k ane, the WO 2006%5%%4% PCT/E % g,)f/oozo?(s
It

oossecendi ol trereipasing Pesitbies BReBIFalde DodilonHLTIRR/
%em% g pef %Eée%rﬁaﬁha%}@@r!%ﬁwgﬁaaéeaﬁwﬁ@hmdrmle(mm
-S

ate to the off-state in case of the particular embodiment of
fippipeset, ﬂﬁiﬁcﬁﬁ‘%ﬁéaﬁpﬁWEMS switch of the invention is thus very short

and requises RREQRIIial layer 9 is used for depositing the membrane 6

onto the dieleciric layer 2. Once this sacrificial layer 9 is removed in the final

releasing step, the two plates 6b of the membrane 6 and the part of the
membrane 6 extending 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

& 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 & are the
same. Since in the off-state the membrane 6 is at rest and is not deformad,
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 obiained
between the membrane and the dielectric layer 5 in the off-state position of

the membrane 6.
The invention is not limited o the preferred embodiment of figure 1
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5 energy in comparison with RF MEMS switches that use a stress-free
rigid switch beam (publication EP 1 489 639). Figure 4 / manufacturing
process The RF MEMS switch of figures 1 to 3 can be manufactured b
l?sFH&(’%??\?éntional surface micromachining technologies (i.g;cggamuos; v2076

depositing 10 and patterning several layers onto a wafer). Figure 4 shows
the RF MEMS switch just after the fabrication process and before the
releasing step. Three sacrificial 9, 10 et 11 layers are being used. Theses
tacifininlayénes ederst matleRiT MEMSaryitlteschal pomiee aidiedbie
maesa 8 firstsacuficly) layssisiusaeh i depaaiting thgpporting
%@%ﬁr%@%ﬁto the c%electr% Iayigé 2. Once this sacrificial layer 9 i

reveiobersiptHagi ke rensh iy Bidpendaif o prgedsh BFIRB M ﬁ?ﬁ%‘&‘?{%

apdthe part of the membrane 6 extending between the lateral supporting
members 3 are released. The other sacg(ficial layers 10 an

11 are ysed
for releasing IRBBUPHBISRIEAEBHIFIRY Jidd i%q%%?ag{%ﬁ%%{)or# ?ﬁ%
lataessupporting members 3 (ground lines). During the fabrication

process,_the distance between the membrane 6 | j

(i.e. thic&ﬂ&?&?‘fﬂg%géﬁﬁf?aﬁavg P i dﬁ%a\?g?\f/e s%%ﬁﬁ%p% %ﬁf}g{ﬁ E%HQS
digignasus deasativan Patapnetdinis welvafeateawitthing isvdlvinpravete RF
profiles for the mem ' thi h mee
R R e A S e
proditingf ¢hpacitve RN MBS Hendishrs thet ga0 hefsest M VanseghcRr

R et po e
membranés. THeiRRnBoMMVEYETinmes JlifB ek ﬁ?ef@?@&@‘ﬁb%om%m%
figredaWR2006409994 526 THE R2RPR/BARNT BoAthct RF MEMS switches
(also commonly referred as “metal to metal contact RF MEMS switches™. In
an ohmic contact RF MEMS swiich of the Enventioh, the flexible and freely
supported membrane 6 is for example designed in order to make a short
cireuit in the on-state position between one first metaliic contact positioned
befween the iateral 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
elecirodes 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 pariicular position
of the electrodes involves the foliowing advantages. During the on-state

configuration, there is advantageously no risk of interaction betwesn the
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to 3 but can be extend to all RF MEMS switches that comprise a flexible
switch membrane that is freely supported onto substrate by supporting
members or the like and that is bendable under the action of actuation
WIS The actuation means are preferably but not nece§)§é§/ﬁ§2“ 06/002076
electrostatic means. The invention enable to make capacitive RF MEMS
switch having very low actuation ﬂgrameters, very fast switching and
improved RF performances. The invention is more particularly and mainly
insetestiafy fariSsiERined facaveFrMEVSrsiire ISP RN 8 & d
at very high.RE ,si : aLRE leres:axes of
5%%%% .%%%'?H@éﬁ%ﬁ%ﬁ{%%m}ﬁr ﬁl{ggﬁrﬁ%ﬁﬁo capaéc% RF M%tgge”

twiteteirbtesah edo b $ed BRIy BhiHIBSShtacPRERTE

2&@‘1?{&% (RSO ERIBOY RTesRd RsG et} B MRIH! RANtTTIRFMEMS
switches

). Inis an ohmic contact RF MEMS switch, of the invention
nonlite AL ASGISNBRS (B IAEHEHEHE 6 R R AR e e

signe
rdletia make atsBe UG Idhavenigiate-roREVEdSvegicbretidbe

metallic contact positioned between the g eral s ti gﬁ%r&r%ger nd
S5 HAARIRESRE R SGRich V&Y HE g’[}igxg?nﬁg%ﬁe%%anent y ift%rgch
wisbit bR eptvE e Gndmbirar0Boff-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 25 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



30 of the electrodes involves the following advantages. During the
on-state configuration, there is advantageously no risk of interaction
between the WO 2006/099945 PCT/EP2006/002076 12 electrostatic
forces (F2) used for actuating the position of the membrane 6 and the RF
signal transmitted within the coplanagwave guide. The surface of the
electrodes 7 can thus be large, and in turns the "on-state voltage" applied
to the electrode 7 can advantageously be very low. This particular 5
position of the electrodes 7 is ho@kwdki@nly a preferred characteristics of

the lan. In another variant of the invention, the RF MEMS switch
cou g PR AR TR R A e e B e
eleciaidei=d aedwpesitipregativesthe fMembosaite®.(o3t@eAMS 2. feond

ME wWitc ] | ical.switchi t ~a0.b
on L R AR O ALl MO T T 5 the
posRisticlongstateRnandchetaaifsirededhsthat athaanimigratessbsiicnal opwitehing

switghing meansicharaeiasizes s hahih e, Mg EnesbINicRLeNEEI S upport

means comprise a flexible membrane which is freelé/isupported by support

medASaimicKishdhReneabitingr dbsorcdiPthehfiaageHaieadseans. and
whichgan &gehrdidesipiativelyvenne syepelpheanashiingdtmbendipanding

movement. 2. The RF MEMS switch of claim 1 wherein the flexible
meA¥HEE at rest in one of the two first and second positions, and

referbiyABeIT sinesitaridel-saipraharemgbriiiemis anrened: Bst in

e MR SR SR L SRS postior

MENSH sspatehofiamindhe siitthimsobdonddiwherein the membrane forms a

“?par‘%{?e"’ﬁ?‘%% lgm?c%t'of ciaims 2 wherein it comprises electrostatic means
for maintaining the membrane in its rest position.

4. The RF MEMS switch of any one of claims 1 to 3 wherein the membrane
forms a capacitive switch element.

5. The capacitive RF MEMS switch of claim 4 wherein a first dielectric layer is
deposited on the surface of a substrate, wherein it further comprises two
metallic supporting members that form a coplanar wave guide with the first
dieleciric layer, and wherein the membrane s freely supporied by the said
two metaliic supporting members,

6. The capacitive RF MEMS switch of claim 5 wherein each supporting
member comprises a passage through which the switch membrane is freely
positioned, and the membrane comprises at both exiremities two over-
dimensioned parts for fastening the membrane to the supporting members,
but without hindering the membrane from freely sliding relatively to the

supporting members during the switching movements of the membrane.

7. The capacitive RF MEMS switch of claim 5 or € wherein it comprises a third
metallic supporting member, that is positioned between the



5. The capacitive RF MEMS switch of claim 4 wherein a first dielectric

layer is deposited on the surface of a substrate, wherein it further
comprises two metallic supporting members that form a coplanar wave
guide with the first dielectric layer, and wherein the membrane is freely
supported by the said two metallic sypporting members. 6. The capacitive
RF MEMS switch of claim 5 wherein each supporting member comprises

a passage through which the switch membrane is freely positioned, and
the wemip@iie cumpoites atdobzexteadities tevoseeasdimpaisiveddpidwsRi
for fastening the ra e rting.mei - itho
hind%'—:glrﬁag’thgen mé’?’nr%%%%e ?rﬁrfﬁg ?ree@%gi%in% re aﬁ\%]gsfgﬁh%gguégo%%posed
mernbiysaiutihegikebvatehing theJbittbmeaficruprariingnembahe
G@papllive, ciMENI!?CFSWEWEOE\‘Rﬁ%H‘ & YFnvhelgi L FOmerses Adibectric
metallic supporting member, that is positioned between the 14 two
mettierdasaoieaAd ek Hurd Mg i SUBNesBHGIE8RAa!- line for the RF

signah2buhRIEIRAYRAIEANAER P REhIRICCHIG YRR dRReTBeREfbrane is
between the membrane and the third metallic supporting member. 8. The

capHtRARERFIE NS SRS SirsHcIaNRENIR IHES BISHBraNg SR o Fayer
iscankiedy ety dweiallisr ssipperting weaber cRirbeicapagitvesifn the
MEMS switch of claims 2 and 8 wherein the membrane is in contact with
the §8W@®@%%@f§ﬁ?%%¥ﬁe%@ﬁ%raneis atrest. 10.The RF
MENgespateicaieldth MyiBeaiiciainishiorvwdiaeteimthé dctdatiderein the
means are electrostatic m?args. Jflt que C;‘%‘Q%Qg"%ﬁn’: %E%Osgietg o%Ies for
anygﬁ ug?%rlzam%aﬁoaéew%%cr:er%s Re” JLTTATon MeAnSrare elactroStatc
mearsnthiag cthva pricertverelegtvadeldor thendirzstraem embramerainajhe two
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substrate outside the coplanar wave guide.



