1 MEMS STRUCTURE WITH A FLEXIBLE MEMBRANE AND IMPROVED ELECTRIC ACTUATION
MEANS Technical field 5The present invention relates to the technical field of Micro
Electromecha®i@AtSyEEais (MEMS), and more especially to a novel MEREESHISRHEhaving a flexible
membrane and improved electric actuation means foy bending said membrane. This novel MEMS
structure can be used in various applications, and in{)articular can be advantageously used for 10
example for making MEMS switches (ohmic contact switches or cap
particularly Radio Frequafe)t i JhA ELER IBEEMEMBRANE #NDyample for making
optical MEMS structures, also & b MG B ASEATARTY %ngs (MOEMS). Prior Art
15Micro Electromechanical Systems (MEMS) .:fgfc Crtt%jcra are now widely used for making RF switches
(ohmic contact switches or capacitive contactwv}theg?broptical switches. Theses MEMS structures
are more particdlarly usedlinetefeesgnininvieaiiion sgistesndofdhendethyital et phiersed array
antennas, phase siftefsrSUichabiesiuning AORMSHENS Rl ADAMEIS susiieggnerally

comprises micromechanical switching means that are movable betweén at least two positions, and

electric actuation n¥HRYRERYRS adlestela TocHNBRSB S IRBEYREEIRE R ECHEBRAINERhing means in

order to move the IRftesdhaiviceaidheisrabiaast T pReEIOMENS Riffetan aghiaondesivmiques can be
used for implementing the ele actuation means S s%uct%{e. Thiase electric actuation

tri fa ME
aans can be clocP R APRH TS A AT (TEDSMEL D o B ARG A SR o maare
Electrostatic admamamhdwemm pEdElenitthelsr(iumic contact switches or capacitive

contact switches), more particularly Radio Frequency (RF) switches, or can

acitive contact switches), more

be advantageously used for example for making optical MEMS structures,
also called Micro-Opto-Electro-Mechanical Systems (MOEMS).
Prior Art

15 Micro Electromechanical Systems (MEMS) structures are now
widely used for making RF switches (ohmic contact switches or capacitive'
contact switches) or optical switches. Theses MEMS structures are more
particularly used in telecommunication systems, for making for example
phased array antennas, phase shifters, switchable tuning components, etc..

20 A MEMS structure generally comprises micromechanical switching
means that are movable between at least ftwo posifions, and electric
actuation means that are adapted to generate forces onio the mechanical
switching means in order to move the latter between their at least two
positions. | |

25 Different actuation technigues can be uséd for implementing the
electric actuation means of a MEMS structure. These electric actuation
means can be electrostatic, electromagnetic, piezoelectric, or electrothemmal
actuation means. Electrosiatic actuation is however the prevalent technique
in use to date, since it enables to reach shorter switching times (typicaliy less

30 than 200ps) and a virtually zero power consumption and a complete
technological compatibility with classical CMOS process flow. Furthermore,

in RF MEMS switch designs, different actuation technigues can be combined

CONFIRMATION COPY



in use to date, since it enables to reach shorter switching times (typically less 30 than 200ps) and a
virtually zero power consumption and a complete technological compatibility with classical CMOS
process flow. B{ftHHa 5P in RF MEMS switch designs, different actuatf$ifEaHIgE81can be
combined CONFIRMATION COPY (for example an ﬁlectrostatic voltage hold can be coupled with a
thermal actuation). The micromechanical switcfiing means of a MEMS structure can comprise a

movable rigid element, like for example a movable rigid beam, 5 or a flexible membrane. MEMS
structure comprisin@oé #i8 e%g%ggmﬁ?ﬁgvgf@%%rkpgrecﬁ%%iﬁ@kﬂﬁ? MR WSEFS patent
application 2005/0@@tia@dn)r in European patent application EP-A-1 489 639. The use of a

flexible membrane enabb%gk}_@_‘?{fé}%h@ %M%Y%‘;@%ﬁ‘éafwg%%o%% h@ﬁgr g,&vd%&quzgrmes, compared

to the use of movable rigid switching element. exiblé membrane can be clamped at both
ends on a substratedmpiieR BtORYERIE titid generivike tecexampie mprsiabia iaidtbean, element
constituted by stichhachaumeselanped flexible membrane are described in 15 the following
publications: US patent application 2004/0050674, US patent application 2004/0091203, European
patent application EP-A-1 ¥EMPgYrystsie SomtRILHh fvoRyebkoadid sydaning elemestaigble membrane

can be also clampeidswilsesu hstraiasplelyirat bBe ritshin S5gRr=tafor20Es oMot EYE!. dYIEMS structures
comprising a 20 SV\‘—_LE?h'n%gf%%}égﬁg{FUt%pXu%ﬂ% &@ntllever flexible membrane is disclosed for

example in the US pat%’n € flexible membrane can also be freely supported on a
substrate, as disclosed forlégamgsiedh Eufiepbien parebrieappkoaties Hweve”706 étbie8ach a free

flexible membrgne i&a0yadiae8r SHYRY AR ISV bmpared to the use of movable
rigid switching element.

The flexible membrane can be clamped at both ends on a substrate
in order to form a bridge. MEMS structures comprising a switching element
constituted by such a clamped-clamped flexible membrane are described in

15 the following publications: US patent application 2004/0050674, US patent
application 2004/0091203, European patent application EP-A-1 343 189,
PCT application WO-A- 2004/078341.

The flexible membrane can be also clamped on a substrate solely at

one end in order to form a cantilever. MEMS structures comprising a
20 switching element constituted by such a cantilever flexible membrane is
disciosed for example in the US patent 5,638,946.

The flexible membrane can also be freely supported on a substrate,
as disclosed for example in European patent application EP-A-1 705 676.
Such a free flexible membrane is advantageously subjected to a lower

25 mechanical stress than clamped-clamped flexible membranes or cantilever
membranes, and the lifetime of the MEMS structure is thus advantageously
increased.

In the embodiment of figures 1 and 2 of EP Eurcpean patent
application EP-A-1 705 676, the flexible membrane is freely supported on

30 two pillars and is adapted to have two states; an up forced state (shown on
figure 2) and a rest state (shown on figure 1). in order to bend the membrane



25 mechanical stress than clamped-clamped flexible membranes or cantilever membranes, and the
lifetime of the MEMS structure is thus advantageously increased. In the embodiment of figures 1 and 2
of EP EuropedlrAteAt¥#pplication EP-A-1 705 676, the flexible membraife EHE&NI LB ported on 30
two pillars and is adapted to have two states: an up forced state (shown on figure 2) and a rest state
(shown on figure 1). In order to bend the membrane "3 into its up force state, the MEMS structure

comprises electric raising actuation means, th dapted to bend the flexible membrane in order to
raise the functional %rlrf}gf H?e%‘fgfhlﬁaﬁe. ﬁ%‘ﬁ@ﬁ}ﬁn Eﬁéﬁ“@%@&ﬁﬂ@ﬁﬁ%ﬁ&ﬂﬂ?%n of the
membrane is the pactuafitrernsantiifaanin duzfviekto tbend thoflpiials rdmiseraldaticisaiging actuation

| I 351 , itioned under th
membrane, betwe o e RO e et o v

electrostatic pullind“fortarabrasoeh tba deesttisasie Hibaie oivhemembsoailohaioragdhie applied on the
electrodes. Theseswd puliag fores sespinemiwin-Riryehefieshontbenmilarsfaatisjo bend

upwardly the membrane mﬁ&u force state. When the actuation voltage on the electrodes is zero, the

membrane comes BYEIHY 5t8siBIR BRI G PORSanket AR RERHRNE oHBde B Ibrane.
Objective of the inveeatibrarkb Deaveds espkashdoohsve radiibME: sindcihsecividsppiraskhyo forced states

for the membrane. g, MENS SIS WEIIBISHLIR ISHe Fbrane e g plpup forced sate,

and a down forced state, and It nee ares e In-between the up forced™s At and down forced
state. Such a MEMBesthiangebenl @bheacsintionawitepe i ansiiet om teeskaspdbadimesesof figures 1 and

2 of EP Europggn paifiy RRBACHUNHAEAIHN SIS cARMeNIRCHRIO L RS biihare adapted to

bend down the flexible membrane in order to lower the functionaltgart of the membrane, below the
horizontal rest postRIEEIYHESTERTRENS HricwR ferserstetewihar heastsliaon ¥akassfbe for example
constituted by addiienalkittiotes! glesidas thatmbrane comes back to its rest position of

figure 1, thanks to the stiffness of the membrane.
Objective of the invention
15 There is a need to have a MEMS structure with at least two forced
states for the membrane, i.e. a MEMS structure wherein the flexible
membrane can have an up forced state, and a down forced state, and if
needed a rest state in-between the up forced state and down forced state.
Such a MEMS structure could be obtained for example from the
20 embodiment of figures 1 and 2 of EP European patent application by adding
electric iowering actuation means that are adapted to bend down the flexible
membrane in order to lower the functional part of the membrane, below the
horizontal rest position of the membrane. These electric lowering actuation
means can be for example constituted by additional internal electrodes that
25 are positioned under the membrane, between the two pillars that support the
membrane. Said internal electrodes are adapted to exert electrostatic pulling
forces on the functional part of the membrane, when an actuation voltage is
applied on the electrodes.
But with such a two forced states MEMS structure, in order to be
30 able to make the membrane move between the up forced state and the

down force state, without failure, and if needed at high rates, it is necessary:



25 are positioned under the membrane, between the two pillars that support the membrane. Said
internal electrodes are adapted to exert electrostatic,pulling forces on the functional part of the
membrane, when an actuation voltage is applied on the electrodes. But with such a two forced states
MEMS structure, in order to be 30 able to make the membrane move between the up forced state and
the down force state, witHouidaikisdiffamdritmees edatdrigh ratedrins defoessains ditoouse a Stiff
membrane and large mebrangflelormaliane.dn Rideig qBraIn & meehABigaldestaring force of the

membrane that is sufficiently large for bending back the membrane towards its rest position, 5- to use
high actuation voltage, d & @EYalg@gdp et iBetRaeh the mempriee pwesdsp forees state and
the lowering actuation elegigaies or between the membrane in its down forced state and the raising

actuation egectrodes : fur hermqge the héqher tqf stiffges of th membrar’?@ igbtq‘% himir the actuation
a

voltage has to be. 10Suc OiH(S:?edgg _8?_%ei%r(}:t\ﬁo o Voﬁ'f%g()et%e BFireital becauseitis %ergy
consuming, particularly dierebtaesidigon dbreauGIBiE auhi tiorering retidelioniaeMBIES structure

more difficult to design, ngiaklyiBderns AfFAMARCIACSS aaRslraiRisAad 3R R Wingcosts.
Embodiments of the invention seek }o %rovide_ novel MEMS structure, 15 which has a flexible

membrane that can be aQtSRIPBHTEERUES I HIFTCHE P sBgbeintia SifTTerctd ate, and
which has been improvedriarebdereds|dhehitfte attteaboratiottagtéagedies théstiffness of the membrane

without prggudice for tae sffiencyof dreMEMS siuieyR NNl scans aids lavniion, this
MEMS structure can comprise an anchorless 20 and freely supported flexible membrane of the type

described in EFIRIEY G5 BHHI% RKiiRantisd Qafpeirrisribring HERexieraiftiever
membrane. SusaghoéihieHavealion structureAneesdifgdaita arRe, ofdhdRrasestirvention, there is

provided a 25h@%%ﬁa‘?{éggy‘ggn@@g{giar}% a aﬂneu iab(lj{au rr].rr1]er&l%)&u\$ne, which has a main longitudinal axis
defining a longitudihal direction, 9 '
Embodiments of the invention seek to provide a novel MEMS structure,

15 which has a flexible membrane that can be actuated between at
least an up forced state and a down forced state, and which has been
improved in order to lower the actuation voitage and/or the stiffness of the
membrane without prejudice for the efficiency of the MEMS structure. Within
the scope of the invention, this MEMS structure can comprise an anchorless

20 and freely supported flexible membrane of the type described in EP-A-1
705 676 or a flexible clamped-clamped membrane or a flexible cantilever
membrane.

Summary of the invention

According to an aspect of the present invention, there is provided a
25 MEMS structure comprising:
- a flexible membrane, which has a main longitudinal axis defining a
longitudinal direction,
- atleast one pillar under the flexible membrane,
- electric iowering acluation means that are adapted to bend down the
30 flexible membrane ihto a down forced state,

- electric raising actuation means that are adapted to bend up the



at least one pillar under the flexible membrane, electric lowering actuation means that are
adapted to bend down the 30flexible membrane intq.a down forced state, electric raising actuation

means that are adapted to bend up the 5 flexible membrane into an up forced state, and wherein the
electric lowering actuation means or the electric raising actuation means comprise an actuation area,

that extends under a partfigkibie membrtancabaiacierreddrtial the actuation area is adapted to exert
pulling 5forces on the memb{ggee%r&%gapeousl on both sides of the Sﬁl]g aé[g%?sté one plllar in the

Lo ~and whereéi owerng . aciuation means .or fic rai .
longitudinal direction. rJrhls extension o\?’ﬁﬁe lectric lowering actuation means or o? ﬂsl;e electric

raising actuatiofcHielins oiedmhosinessst the prapiivtharfshgitedisatendscionensy paprede the

actuation of theypeReRAdena AR IREEH Sialare JAthasiheea is adiihin heesopa@irkthe invention,

the flexibl b b ted at rest by th id at least illay b d t
om he sdid alEAR ha BiIEF (1 8oHE LD S T I) NRE GRId oSSt AL IR EaShort

description of tipdighraanegengitudinai direction.

This extension of the eleclric lowering actuation means or of the
electric raising aciuation means on both sides of the pillar in the longitudinal
direction may improve the actuation of the membrane from one forced state fo

10 the other.

Within the scope of the invention, the flexible membrane can be
supported at rest by the said at least one pillar, or can be spaced apart from
the said at least one pillar (i.e. not supported at rest by the said at Jeast one
pillar).

15 Short description of the drawings

Other characteristics and advantages of the invention will appear
more clearly on reading the following detailed description of several
embodiments of the invention. This detailed description is made by way of
non-exhaustive and non-limiting examples, and with reference to the

20  accompanying drawings on which:;
- figure 1 is a section view (in plane |-l of figure 4) of a capacitive RF
MEMS switch of the invention, the flexible membrane being in its rest
position,
_ - figure 2 is a section view of the switch of figure 1, the flexible
25 membrane being in its down forced state,

- figure 3 is a section view of the switch of figure 1, the fiexible

membrane being in its up forced state,

- figure 4 Is a top view of the capacitive RF MEMS switch of figures 1

to 3,
30 - figures 4A, 5 fo 7 are top views of other examples of capacitive RF

MEMS switch of the invention, showing other suitable geometries for



Other characteristics and advantages of the invention will appear more clearly on reading the following
detailed description of several embodiments of the invention. This detailed description is made by way
of non-exhautG& M 7BA-limiting examples, and with reference to the 20HEESHTANThg drawings on
which: figure 1 is a section view On plane I-1 of figuréa 4) of a capacitive RF MEMS switch of the
invention, the flexible membrane being in its rest position, figure 2 is a section view of the

switch of figure 1, the flexible 25membrane being in its down forced state, figure 3 is a section view of
the switch of figure 1, thgﬁeq(’ﬁ)% MerBIans ael{iﬁré ?ﬁeﬁg’up forced state, figure 4 is a top view of the

capacitive RF MEMst@famm ﬁqQ.rEB% dreda®, derg ofaihen egarppiesrel IdENR wisustusener examples of
capacitive RF MEMS swiich; gl dRenveniiang SR Rgiglier idiadie080MeYigR i £dhe membrane

and actuation areas, - Figure 8 to 12 are top views of other examples of MEMS structure of the
invention, showing other@HHatRbAERHes for the membrane and actuation areas, 5Figure 13 is a

top view and twg cross-seiglies 1363 abERidN RinY edd\VirdS ssictichurRwE bieain waptinrdDetailed
description . .
MEMS structure of the invention.

Detailed description

Figures 1 to 4 show a capacitive RF MEMS switch that is made

according to preferred embodiment of the invention. For sake of clarity, it
10 must be however underlined that the scope of the invention is not limited fo a

capacitve RF MEMS switch but encompasses any MEMS structure

comprising a flexible membrane that can be actuated between an up forced

state and a down forced state. The invention can be for example also

practised for making ohmic contact RF MEMS switches or Micro-Opto-
15 Electro-Mechanical Systems (MOEMS).

The capacitive RF MEMS switch of figures 1 to 4 has a novel
structure that is now going to be detailed, and can be manufactured by using
conventional surface micromachining technologies.

Referring to figures 1 to 3, the RF MEMS switch comprises a wafer

20 1 (for example made of silicon) forming the substrate of the switch. A thin
dielectric layer 2, as passivation layer, is deposited onto the surface of said
wafer 1. On the dielectric layer 2, the switch comprises:

- two lateral pillars 3,3’ that are spaced-apart in the longitudinal
direction X, each pillar 3,3’ extending in the transverse direction of

25 figure 1 (see figure 4 — fransverse direction Y perpendicular fo the

longitudinal direction X},

- one central pillar 4 that extends in the transverse direction Y, the said
central pillar 4 being positioned between the two lateral piliars 3, ¥
and preferably at the centre between pillars 3, 3'.

30 in contrast with the lateral pillars 3, and 3, the top surface of the
central pillar 4 is covered by a thin dielectric layer 5 for the capacitive switch



Figures 1 to 4 show a capacitive RE MEMS switch that is made according to preferred embodiment of
the invention. For sake of clarity, it 10 must be however underlined that the scope of the invention is
not limited to a*CaPALIRERF MEMS switch but encompasses any MEME $tE24MEEBprising a
flexible membrane that can be actuated between an4ip forced state and a down forced state. The
invention can be for example also practised for making ohmic contact RF MEMS switches or
Micro-Opto- 15 Electra-Mechanical Systems (MOEMS). The capacitive RE MEMS switch of
figures 1 to 4 has & \%’Ir%ﬁPlTCture that is now going to be detailed, and can be manufactured by using
conventional surface microheatininiatgres ghilzntodidsairictier rirgpiralfigiised ot epREBMEMS switch

comprises a Wafer\ﬁlewﬂeéﬁ?&@(g]%etﬂéa% %i%%‘igiﬂ?af@rﬁ?g"%&F}Ssj)‘d%@égt@tc\?vftg%%@ﬁ' gh. A thin

dielectric layer 2, as passivation layer, is deposited onto the surface n the dielectric

layer 2, the switch Efrplisesentiad rliasr4Ifpime &g, siaradiarfephedmagaiasiontd tbagitudinal
direction X, each pilisife3igiseadig iloGpleaae \psoeigecismef FoaURcA aRiapee 4 - ransverse
direction Y pgrpgn%lg%liar t? ,thec(!‘%?ﬁltuqlna glrectlon%‘g,. one central pillar 4 that exéendslln the |
transverse direction"Y; el dingy Pa?ﬁﬁlﬁ? eéré‘?ﬂée YA PHR SRS R ANS 94iERal pillars 3, 3' and
preferably at the centre béfine Eterallaitass 3,3'30d tentemstaivilithée dadcial eilansia o 3', the top
surface of the centggl AlaL AR AALCIEH BY GbIIDISIS AL SRR HSIIE BRAGEILS syytch 7
5 can be any material, and notably polymer, with a very low electrical
10 conductivity. For example, the dielectric layers § can be made of silicon
nitride, Ta;0s, AlN, ALOs3.
The RF MEMS switch further comprises a switch element which is
constituted by a thin flexible membrane 6 of longitudinal axis 6a (figure 4). is
Said flexible membrane 6 is positioned above the pillars 3, 3, 4. The
15 longitudinal axis 6a of membrane 6 is parallel to aforesaid longitudinal
direction X and perpendicular to aforesaid transverse direction Y. Both ends
6b, 6¢ of the membrane 6 are not clamped on the substrate 1, and the
membrane is thus freely supported at rest (figure 1) by the pillars 3,3." In the
variant of figure 1, the flexible membrane 6 is spaced apart from the central
20 pillar 4, and is thus not supported at rest by said central pillar 4.
In another variant, the flexible switch membrane 6 could be however
supported at rest by the central pillar 4.
This flexible membrane 6 is made of metal for example such as
alurninium, gold, or any conductive alloy,
25 Figure 4 shows an example of geometry for the membrane 6. Other
suitable geometries for the membrane 6 are shown on figures 5 to 7 and will
be hereafter described in details.
Referring to the particular embodiment of figure 4, the membrane 6
comprises a main central flexible part 60 that is supported by pillars 3,3’ and
30 extends substantially between the two lateral pillars 3,3, Said central flexible
part 60 is referred therein as the “functional part” of the membrane 6, and



configuration. The two lateral pillars 3,3' and the central pillar 4 form a Coplanar Waveguide
(CPVV), the two lateral pillars 3,3' corresponding to the ground lines. The central pillar 4 forms the
signal line for ¥@ #aHER#ESion of the RF 5 electric signal within the copl&R&FREVERITEE (CPVV). In
another variant, the RE signal line can be also imple§1ented by mean of a microstrip waveguide.
The lateral pillars 3,3" and the central pillar 4 are for example made of a metal such as gold or gold

alloy. The dielectric material for Jayers 2 and 5 can pe any material, and notably pol r, with a very
low electrical 10 co??(ﬁha%ﬁ\%ﬁgc?ﬁgr‘}éxg Bl%”ciﬁagﬁfé%‘&@l&yé? l%?%‘édm%iﬁ}/%%ﬁﬁ%n nitride,
Ta205, AIN, Al203by a |&vee d¥EC/EIMIE: PillRch I tHikicumitiveat par\8ltdhrele meadtaviyleh is constituted
by a thin flexible m langitudinal axi ' [ id.flexi ebis
positioned above tégl ”g arg| :?a %& %ﬁ%ﬁ{{g?ﬁ%@t?gﬁgﬁﬁgﬁgg‘ %%ar%@&aﬁgéﬂggdgggﬁel to aforesaid
longitudinal directidiPxcAigss widindruRedanguirsad 8dmisresitanre atweenimtaéaias 6b, 6¢ of the

membrane 6 arg nefiglamRed QRdhesvbsERR b, il themsinkikapadsdhsisdreshiisHpgorted at rest
(figure 1) by the piljars 3,3." In the varjlgnt of figure 1, the flexible membrane 6 is spaced apart from the

central 20 pillar 4, 2ROVREME Foeal PR e eetariletAtral pillar 4. In another variant, the
flexible switch membrane Greofulcthienhbper/60 s tionechbtaies by dxeeneedrat pdthredds  This flexible

4 <hovis an exampid o Sy T e A e e B S T U membrane 6
are shown on figurésfsrest Zhaneinas bedielunstienalceaitibel the deemmsrarRefrrirese tiveparticular
embodiment of jouifdicilt MM BEAREGE URDERGS 8r8aiRAAELIRIP B RABHARAN @RS supported by
pillars 3,3"and clamped-clamped or cantilever MEMS structures.

Each non-functional part 61 of the membrane 6 comprises a central
non-functional part 61a forming the base of the U shape and two lateral non-
functional parts 61b. Each lateral non-functional parts 61b forms a rectangle

15 of length L3 (dimension measured in the longitudinal direction X).and of
width 13 (dimension measured in the transverse direction Y). The two lateral
non-functional parts 61b of a U shape non-functional part 61 are positioned
on each side of the functional part 60 of the membrane 6 in the transverse
direction Y. For sake of clarity, the four lateral non-functional parts 61b of the

20 membrane 6 have been hatched on figure 4.

When the membrane 6 is at the rest position of figure 1, each central
non-functional part 61a is positioned oufside the pillars 3, 3’ in the
longitudinal direction X ; each lateral non-functional part 61b of the
membrane € is positioned outside the corresponding Iateral'pillar Jordin

25 the transverse direction Y and exiends on both sides of the corresponding
lateral piliar 3 or 3’ in the longitudinal direction X. Furthermore, a space 62 is
provided between the main flexible functional part 80 of the membrane 6 and
each lateral non-functional part 61b, in such a way that each lateral non-
functional part 61b of the membrane 6 is flexible and is able to be bended

30 longitudinally (i.e. in the longitudina! direction X) independently of the main
flexible functional part 60 of the membrane.



30 extends substantially between the two lateral pillars 3,3'. Said central flexible part 60 is referred
therein as the "functional part" of the membrane 6, and 8 can be bended up or down longitudinally
(i.e. in the longittidi&tHitEction X) by a lever effect on the pillars 3,3'. TH§ TUHCHYYAL Art 60 forms a
rectangle of width 11 and of length L1, and comprises two rectangular parts 60a and 60b of larger
width 12. Rectangular part 60a is positioned betweer the lateral 5 pillar 3 and the central pillar 4, and

rectangular part 60b is posjtioned between the lateral pillar 3' and the central pillar 4. The
functonal part 60 of the mTEIEAE S ERER I H APBSHH AR LEPRIE LG e s Reing
substantial U shap&iEidshseitinsien gikfrablewenhphieseistaspereriiufetiemzd parinidhe membrane 6.
These "non- 10 fungtion ; fut {o]n r ! n
clamped-clamped r?é%r?él%ﬁﬁ &85&%%@%%§89.t%rﬁ§%t§‘§6r%n8§&m%lg@ﬁégl!‘r"fﬁ 'ot?%ge membrane 6
comprises a centrallRbifir fensagsalitrevahfiiah dhe espiisrrtfe of SimpmemntrtRd steral
nonfunctional parts@afy. feamrdaterplaensiypiianst AsEHIReRms ddackanple Lai@ dength L3

(dimension measur%d In the longitudinal dir?ction X).and of width 13 (dimension measured in the
transverse directiof IV TRE (S EHRM 5 "RHIESon A Phrts 81856 SURHE RS 3588 lional part 61
are positioned on aaalmizid@pfttizerfisndianal st GOofldteeanpitfdisadeafdnIhdinandtkierse direction Y.
For sake of clarity, e - | rt of the 2 mhrane, 6 .have, been hatched
on figure 4. Wﬁ%ﬁ%ﬁﬁéﬁgm rﬁngé23 égﬁgtﬁ@f%% E]ogg?ﬁgrgegﬁ\ljge&r({eg J?h %ia(? lP%I(e%r’fprag\ (ralson-functional
part 61a is positionééibatsrienehassiiardhe, svilthhd hergisiappersivantiom neplacashitera non-functional
part 61b of the ;e G ishpsHiaRed outside the corresponding lateral pillar 3 or 3" in 25 the
transverse direction Y and_extends on both sides of the corresponding lateral pillar 3 or 3" in the
longitudinal direction X. Fu-l;ﬂ‘?er'ﬁforﬁ(@/lagpaft‘fﬂt@ fUThELi GRM ST & PATOsHRLN RIS functional part
60 of the membranecti:atirt) eacadater atravnafenatienafopabefdinginisueh pngvdinaneans lateral
nonfunctional part f th ane 6 is flexible and s able.to be bended 30 longitudinally (i.e. in
the longitudinal direc |o%r%sln%1§|g%?ﬁc?eﬁe \gllnjc{ e msglanef gx%l'g%‘?ugn&Pon%%ﬁgcr’g[:%%ﬁ%%embrane.
actuating means 8 that are used for bending up longitudinally the membrane

15 6 into the up forced state of figure 2.
The electrostatic lowering actuating means 7 are formed by two

internal electrodes 7a,7b, that are positioned under the functional part 60 of
the membrane 6. The internal electrodes 7a extends between the lateral
piltar 3 and the central pillar 4. The internal electrodes 7b exdends between
20 the central pillar 4 and the lateral pillar 3'. More particularly, in reference to
ﬁgufe 4, the two internal electrodes 7a,7b delimit two irdernal lowering
actuation areas 7¢ (symbolised by dotted lines). When the membrane 6 is at
rest (figures 1 and figure 4), each internal lowering actuation area 7¢ is
positioned under rectangular péﬁs 60a, 60b of the funclional part 60 the
25 membrane 6.

The electrostatic raising actuating means 8 are formed by two
external electrodes 8a, 8b, having subsiantially the same U shape than the
non-functional part 61 of the membrane 6. In reference to figure 4, the two
externa! electrodes 8a,8b delimit two raising actuation areas 8¢ (symbolised

30 by dotted lines). When the membrane 6 is at rest (figure 1 and figure 4),

each raising actuation area 8¢ is positioned under a non-functiona! part 61



9 As already described in European patent application 1 705 676, the MEMS switch also
preferably comprises stoppers 3a (referred as "bridge parts” in EP 1 705 676) that are positioned
above each latePA"BYHr®% 3", and that form a passage through which theF€&HtFa1 AN EB of the
membrane 6 is 5 freely positioned. These stoppers ae shown only on figure 1, and for sake of clarity
are not shown on figures 2 and 3 These stoppers are used for maintaining the membrane 6 on the

lateral pillars 3 an ﬁ but \{:\)/ithOLg i derig%thle embrane .6 frorjtnf.eelé moying relatively to the lateral
pillars 3 during nor MR IR sWehPTHELR 8o apcg,ga&%r}gt?é; P&.[)'PC{I: 'Ef%y%%ﬁﬁs‘%?ﬁer equivalent
means. The REtRENS$tiwhaherdesiticoathrisdsr dhecatEsehtiondumiingahorritiGdmotans 7 that are

used for bending dgurigpaitiinabiilie SIRANAARAHLHAS Ao foread sidie el 3, and

electrostatic raising actuating means 8 that are used for bending up longitudinally the membrane 15 6
into the up forced Se@itBENGLAEEStoN X-The electrostatic lowering actuating means 7 are formed by

two internal elegtrodes 7a b eHe2siRPSIHIQNRE baskeditihe dunshonal partGeheé thesagmbrane 6. The
int | electrodes 7, t the lat illar, d | pillar.4. The int I
elocttodes b exto TR DUTAET B4 Lo B AT BN A SIAFES ROra S b5 Boutary, i
referenc_e to figure dvdmmhmm&eth@u@eﬁﬁyémma@éntbthmlelemt_mﬁimg.a’ﬁtaatior_l areas 7c
(Symbolsed oY SoUFdEslaeed 107 BemBrG: ikl ELI S, AN e dlcfach niera

lowering actuation area /c is positioned under rectangular parts 0b of thé flinctional part 60 the
25 membrane 6. THEBREKJaYRR Pardfgbaciehirsgen@p aleefopsidrIfhieartethal electrodes 8a,

8b, having substangadyishey saiei Usahareithaadbrneshdsians Raraf Hemerane 6. In
reference to figure 4, th%évmvﬁo external electrodes 8a,8b delimit twg raisin% actuation areas Sc

(symbolised 30 by BE{EANTel). ARABH FRIATLAIG HRISTLARYES PieRN ST SHRPRSSRI4T each raising

actuation area Sc isyahsiicarechty tice Mems svitticttongdrzas 8utment means for preventing
the membrane to come into contact with the actuation electrodes 7a, 7b, Ba,
8b.
15 Rest state
When no actuation voltage is applied on the electrodes 7a, 7b, 8a
and 8b, the membrane 6 of the switch is in the rest position of figure 1 (rest
state). In this rest state, the membrane 6 is substantially planar and is
supporied by the pillars 3, 3, with a predetermined gap g between the
20 membrane 6 and the substrate 1. In another variant, the membrane couid be
bended at rest.

Down forced state

When an actuation voltage is applied on the internal electrode 7a,
7b, electrostatic pulling forces are generated within actuation area 7¢ and
25 are puiling down the functional part 60 of the membrane 6. These pulling
forces are bending down longitudinally the membrane 6 into the down forced
state of figure 2. In this down forced state, due to a lever effect on the pillars
3 and 3, the gap Gint between the substrate 1 and each end 6b, B¢ of the
membrane 6 is high, and in patticular is higher than gap g in the rest state.
30 From down forced state to up forced state - zipping effect

in order o move the membrane 6 from the down forced state of



10 the membrane 6. More particularly, each raising actuation area Sc comprises lateral parts that are
positioned under the lateral non-functional parts 61b of the membrane and thus extends on both sides
of a lateral pill¥3¥3¢32the longitudinal direction X. 5When the switch ¥§ HERPE4§4Etive switch, the
top surface of each electrode 7a 7b 8a, 8b is covere 1by a dielectric layer 9 (figure 1) in order to avoid
any ohmic contact between the membrane 6 and the electrodes. The dielectric layers 9 can be made

of silicon nitride, Ta205, AIN, Al203. Such dielectric layers 9 can be replaced by any other equivalent
means that 10 ena%ﬁ@rﬁo i?omea’r’]pofﬂfﬁ?é é&ﬂ?agg%%%Weaer{‘ﬂw%cﬁ‘\%tt'ﬂBr‘écﬁ%%edﬁgéﬁléegl%trodes. In
another variant, theldittedts7apers?® eard benstippresspdnimcusatioa valtagat idhepdliiednsnswitch
comprises abutme reverfin abr, 0 i ntact.with.the actuation
electrodes 7a, 7b, ggm g@.gﬁg%éeos%tagtg %%%%? g%%a%%ﬁ%%’%%%@s@%ﬁgdgéﬁ e electrodes
7a, 7b, 8a and 8b, AB!AIEMBreM &6 FTdHESRiIRG SR Ehresopddnibanet pgiretl @é&bstate). In this

rest state, the memReaedhdses Whsia eEpyAlRNaE RS URNRIEESLRY, BredIars Setteith a
predetermined gap gbbet een }he 20 membr%iea%and the substrate 1. In another variant, the

membrane could b8 JPAF FESHORR\RATS hgmembigned, SIMLERISRRY BRGNS applied on
the internal electrodieefaofénchlttrabdiie poliBigritiedmgindieselissesbnithin actuation area 7c and 25

are pulling down the functignal . m . These pulling.forces are bending down
longitudinally the membrz;ln'mer%1 #}%ﬁ%ﬂ%ﬁ%ﬁﬁ}%\gﬁéﬁg%ﬁ)eﬁ%%ilg %ﬁﬁﬁt&e ov‘\’/'ln @%%‘g state, due to a
lever effect on the piaterédnendrdoraed gate G bshwiasramhactuaticnaeitadanarbelzemiesb, 6¢ of the

membrane 6 is; §ighn afid ik Bafiedards, higenHan HaRteifhisHE Skt A EitaR dayvn forced state
to up forced state - zipping effect In_order to move the membrane 6 from the down forced state of

electrodes 7a, 7b. Then in a second step, after a predetermined duration (for

example a duration corresponding fo the switching time of the switch), no
actuation voltage is applied on electrodes 7a and 7b.

Referring to figure 2, in the down forced state, the gap G’ measured

15 between the substrate 1 and the membrane 6 in the area between the lateral

pillars 3, 3’ is smaller than the gap Gint measured between the subsirate 1

and each end 6b, B¢ of the membrane 8. In the down forced state, the

internal end 61d (figure 4) of each lateral non-functional part 61b of the

membrane 6 is thus closer io the raising actuation area 8c than the opposite

20 external end 61e of said lateral non-functional part 61b. At the beginning of

the switching movement of the membrane 6 from the down forced state, for

a predetermined actuation voltage, the electrostatic puiling forces that are

exerted within the actuation areas 8¢ are thus higher on the internal end 61d

(figure 4) of each lateral non-functional part 61b and are smaller on the

25 opposite external end 61e of said lateral non-functional part 61b. The non-

functional parts 81 of the membrane are thus bended down and stick against

the actuation areas 8c progressively from the internal end 81d of the lateral

non-functional part 61b towards the external end 61e of the lateral non-

functional part 61b and the central non-functional parts 81a. This

30 phenomenon of progressive sticking of the non-functional part 61b is

referred therein as "zipping effect “. Thanks to this zipping effect and to a



11 figure 2 to the up forced state of figure 3, no actuation voltage is applied on electrodes 7a and 7b
and simultaneously an actuation voltage is applied on the electrodes 8a, 8b. Electrostatic forces are
generated withH¥ PAKIAj%REtuation area 8c and are pulling down the nonHGREFSHALPERS 61 of the 5
membrane 6. More especially, electrostatic pulling d&Nn forces are exerted on each non-functional
parts 61 of the membrane 6 simultaneously on both sides of each lateral pillar 3 or 3' in the longitudinal

direction X. In Hanoth v{ariaqh for molviq thgnsoerﬂfrane from the %owr#f%%e state to the up
forced state, in a fir%YesE[(aepeaC:n g%tugtigﬁe{/%lfﬂggsc h'oe %;5“%@ B6h R CEhBE g% 8b, while
maintaining the actasgitudirelfpgécdhesipdvaddsiate Fhiigiine.in a second step, after a predetermined
duration (for example a d%gtg?@mmm@@%ﬁg H&s @M{qﬂm Hg] %;di%{g@a{@@ctuaﬁon

voltage is applied on electrodes 7a’and /b. Retferring to figure 2, in the down forced State, the gap G'
measured 15 betw@Bt MRiaRYKiahaethag s iremise RostipnnkhigrbighearEnt 6 1Bgeral pillars 3, 3'

is smaller than the grapiérhatio'RASHEC SRRSO ass BsUateolcad drach-end 6B, Brcefithe membrane
6. In the down forced state, the inlitjgt;nal e§ d (fi%%§4 of ezﬁch lateral non-functional part 61b of the
s an

d
membrane 6 is thu&&fos r{ﬁ?tﬁ@ @’1’8 cﬂf BrP th ¥h@%‘8%°§5t@tgﬂqél end 61e of
said lateral non-furfotichivalgh @er&1E1 A atitewzsgioh nognpfisirey dhatEieng movmetiohaf paetsnembrane 6

from the down forcggsialq. 95,2 AgeqelenioesAGLiNan Yolians, s oI eciLaslaic Auling forces that

are exerted within the actuation areas 8c are thus higher on the intérnal en
such lateral non-functional parts 61b, the electrostatic puliing forces would

10 be exerted only on the central non-functional parts 61a of the membrane
which are far (gap Gint) from the electrodes Ba, 8b. The foresaid zipping
effect would not be obtained and such a topology (without lateral non-
functional parts 61b) would detrimentally require higher actuation voltages.

in contrast, with the invention, since the internal end 61d of each

15 lateral non-functional part 61b of the membrane 6 is close to the raising
actuation area 8¢ in the down-forced state, the aforesaid zipping effect can
be advantageously started and obiained with a low actuation voltage, and in
particutar with an actuation voltage that is advantageously much lower than
the actuation voltage that would be required if the membrane was not

20 comprising the lateral non-functional parts 61b. The switching of the
membrane 6 from the down forced state to the up forced state is thus
advantageously obtained with a lower actuation voltage.

Furthermore, there is a high risk that the membrane 6 sticks onto the
substrate of the MEMS structure in the down forced state. So-called stiction

25 phenomenon is well-known and can be due fo:

- Dielectric charging: the membrane 8 can be subjected to an
electrostatic force that maintains the membrane in the down state,
even if the electric lowering actuation means for the down state are
cut-off.

30 - Capillarity: this phenomenon appears when the gap between the

moving part of the membrane 6 and the substrate 1 in the down state



(figure 4) of each lateral non-functional part 61b and are smaller on the 25 opposite external end 61e
of said lateral non-functional part 61b. The non- functional parts 61 of the membrane are thus bended
down and sticR8g&lP¥i¥e actuation areas Sc progressively from the inRERAFEHE V1Y bf the lateral
non-functional part 61b towards the external end 61;?30f the lateral non- functional part 61b and the
central non-functional parts 61a. This 30 phenomenoh of progressive sticking of the non-functional

part 61b is referred therein as "zipping effect ". Thanks.tq this, zipping e dtoa 12 lever effect on
the lateral pillars 3, 3/, the %ee%%‘%ﬁggéﬁgh@do&f éa(i ’ﬁ%‘%%@lﬁ%?ﬂgﬁéﬁﬁﬁe up forced state of
figure 3. As alreaey uﬁdéﬂh@e@ﬂh@oga'p@gmmdWmﬂa‘cﬁm%)s;at’eids:h@mm@motably higher
than gap g in the rest pogiiar Ly Big 40 @ifmp%ﬂ‘iﬂ&blmﬂw%h@émgw from the down

forced state to the up forced state. If the membrane 6 of the switch was only comprising central
nonfunctional parts 61a, BMEChRES not comprising the lateral non-functional parts 61b, and if the

electrodes 8a, 80 were NofCEIBR i R RIMNEAIIFIRB U ¢RRRE CorRier Aimvs-Bineieaahparts 61b, the
S B ot e Btben e o Bl e
be obtained and such a tephliogy{withdurtieteraiheonédeiiticomtaptts Bib) would detrimentally require
higher actuation voltages. AP aSk &Y RHER IR I SIA5E B8 HE QRGN IS Sigach
comprise c¢entral non-functional parts 61a, and would not comprise lateral
10 non-functional parts 61b, and wherein the electrodes 8a, 8b would not
comprise any extension under such lateral non-functional parts 81b, there
would be a high risk of failure of the switch when a stiction phenomenon of
the membrane 6 occurs.
fn comparison, in the invention, when an actuation voltage is applied
15 on the electrodes 8a, 8b, because the aforesaid gap G’ is low and thanks o
the aforesaid zipping effect, an electrostatic force is added to the mechanical
restaring force of the membrane, and the total pull-off force of the switch is
enhanced. A lower actuation voltage can thus advantageously be used,
without prejudice for the efficiency of the switch. With the switch of the
20 invention, because the total pull-off force of the switch is enhanced, the
stiction phenomenon can be solved more easily.
Another advantage of the large pull-off force of the MEMS structure
of the invention is the hot switching ability, particularly for a RF MEMS
structure, Le. swilching ability of the membrane when a pofential is
25 applicated in the RF lines.
In order to maximize the efficiency of the lateral non functional parts
61b, the MEMS structure can be modified by locally reducing the gap
between the lateral non functional parts 61b and the substrate 1 as shown
on figure 13. In reference to this figure 13, the gap g2 between the lateral
30 non functional parts 61b and the substrate 1 is advantageously smaller than
the gap g1 between the functional part 60 of the membrane 6 and the



15 lateral non-functional part 61b of the membrane 6 is close to the raising actuation area Sc in the
down-forced state, the aforesaid zipping effect can be advantageously started and obtained with a low
actuation voltay@ 243d%¥Particular with an actuation voltage that is advaiitEGESUER Hilich lower than
the actuation voltage that would be required if the brane was not 20 comprising the lateral
non-functional parts 61b. The switching of the membrane 6 from the down forced state to the up forced
state is thus advanst:l;}getga gl ;l%tai”e‘rjeé’j‘{}%hi a Igg\{‘eg eacg{%tiog golta&e. ¢ rl%g{tshaerrﬁgr?, there is a
high risk that the membrane 6 Stks onto ftl'lw)e Sibstrate o e MEMSPsTIGURE it the-down forced
state. So-called stietizhin@Sipliadhickneass epkiknalyn thedosanistwhes tihe Dembelricccharging: the
membrane 6 can bgauRieqtEHOAR SIRFIFRIANGIAECE &Qﬁ%@@l&%ﬁ%ﬁ@é@%@& &R the down state,

even if the electric lowering actuation means for the down state are cut-off. pillarity: this
phenomenon appeRRfWise9aihe haphueandesm HetatRlinghah i MseRmERE 6 iehe substrate 1
in the down state $ggstreesy low and the humidity level is high (typically >301YORH). Surface

adhesion forces (Van der Oarlqls foﬁ%ﬁ@d: thésopéwequgnggggeqﬁg% s ipmca0 hof tgtg%%llmetal contact in
ohmic contact MEMS switthas Bin cage of hiatal/MAEIEE Rttt i ornm: Contas Vi switches, a

partial_ melting of tﬁemwraaréscﬁ‘fboﬂwMHMSeﬂyucmﬂeingmﬁegmodﬁEﬁrtydémsmmﬁe on the_
metallic contacts. ¢z Mith,@dybalany W&?f&%@t%%@ﬂ?&@?ﬁ@ﬁé%@%@bﬁé‘%ﬂg}r@ comprise

central non-functional parts 61a, and would not comprise lateral 10 non-functi 61b, and

a
wherein the electrdhedhisgngss\pbthe W(tﬁfébﬁ%r@@%lﬁ?aé%ﬁ%drﬁié’ryéﬂéﬁﬂﬂtéﬂﬁ)ﬁ%-functionaI
parts 61b, theregwaugtRReaHeR FiskOtHRIMER DB ReRWHGRIAIRN Saftisiio s hiearmgaan of the

membrane 6 occurs. In comparison, in the invention, when an actuation v is applied
t%e th?ccfm 58 cnp the functional part 60 of the memgrane 6%%& ?hsckn% S

reduction improves the actuation of the MEMS structure because it reduces
the stiffness of the lateral non functional parts 61b and the propagation of
actuation during the zipping effect is thereby enhanced.

15 These two improvements (gap reduction and thickness reduction)
can be practised for improving any MEMS structure of the invention
comprising lateral non-functional pari(s) 61b, and in particular can be also
practised for improving the embodiments of figures 5 to 12.

Figures 4A, and 5 to 7 shows three other examples of geometry for

20 the membrane 6.

Figure 4A shows another variant wherein the right and left lateral
non-functional parts 61b are joined together

in the embodiment of figure 5, the membrane 6 comprises a central
functional part 60 that exiends betweeﬁ the two lateral pillars 3. This central

25 functional part 60 forms a rectangle of length L1 and of width 11. The central
functional part 60 of the membrane 6 is extended at each end 6b, 6c by a
non-functional part 61a having a rectangular shape of width 12 (12211).

The central functional part 60 of the membrane 6 is also extended
laterally by four extensions 61 having a L shape and forming four lateral non-

30 functional parts 61b of length L3 and width 13. Theses two lateral non-
functional parts 61b are positioned on each side of the functional part 60 of



15 on the electrodes 8a, 8b, because the aforesaid gap G' is low and thanks to the aforesaid zipping
effect, an electrostatic force is added to the mechanical restoring force of the membrane, and the total
pull-off force o the" Wit is enhanced. A lower actuation voltage can thﬁgmwaﬂé%]usly be used,
without prejudice for the efficiency of the switch. With:the switch of the 20 invention, because the total
pull-off force of the switch is enhanced, the stiction phenomenon can be solved more easily.

Another advantage, Qf -Qff.f e u venptiop is the hot
switching ability, p%a}}%c%@(% ?&lﬁ%g@%ﬁ%}té}fg |M()e§ z\%ltg“%él% %%rﬂ%%ﬁ%h%ﬂgma&rane when a
potential is 25 appRe&t8dtrsthestienasuisids e RIlafaanhiz dnieecimarvatyeoditaetiziefal non
functional parts 61gndhsMaIShHeucLieca LM adifisd DAl IGHECIg dishoap between the

lateral non functional parts 61b and the substrate 1 as shown on figure 13. In reference to this figure
13, the gap g2 between thE'R¥31 SN RIS fand B ARIMY te Jotrenalidryssngivantageously
smaller than thes gaptgatibetarean the Eynebisiizatipeyt ftied thees)embirgneubsaantitig 44isubstrate. This

gap reduction can he obtajned st f partial sacrificial eiching. in the.thickness OQptionally, the
gap between the cge]?ﬁga%‘ S)c\),rhﬁ? n%??ﬂgﬁgég sggig %tf]rg S&&C uur%s?tr% %qr %E?nﬁﬁ'e” gé%oig\a}gﬁtageously
smaller than the gapejnabdowetdngthetdatiotanat phresteond thedarcthbtalet rovdithetiSraibstrate.

More particularly, ipreer (& iR IR a5y SR8 I Srahaniunclionalpalis Gib, the MEMS

structure can be modified by reducing the stiffngss of the lateral non functional parts 61b. This is
obtained by reducifgXfehRitansduding! ettt non functional parts 6Th, i.e. by making a MEMS

10 The two external electrodes 8a,8b delimit two raising actuation
areas 8c (symbolised by dotted lines). When the membrane 6 is at rest
{figure '1 and figure 4), each raising actuation area 8¢ is positioned under a
central non- functional part 61a the membrane 6.

When the membrane 6 is in the up forced-state, because of the

15 bending of the membrane 6 (figure 2), the end 61d (figure 5) of each lateral
non-functional part 61b of the membrane 6 is closer to the lowering actuation
area 7¢ than the opposite end 61e of said lateral non-functional part 81b.

For switching the membrane 6 of figure 5 from the up forced state to
the down forced state, no actuation voitage is applied on electrodes 8a and

20 8b and an actuation voltage is simultanecusly applied on the electrodes 7a,
7b. Electrostatic forces are generated within lowering actuation area 7c¢ and
are puiling down the extension 61 of the membrane 6. More especially,
electrostatic pulling down forces are exerted on each lateral non-functional
parts 61b of the membrane 6 simuitaneously on both sides of each lateral

25 pillar 3 or 3’ in the longitudinal direction X and a zipping effect (as the one
previously described for the membrane of figure 4 ) is advantageously
obtained on the lateral non functional parts 61b of the membrane 6. Thanks
to this zipping effect, the actuation voltage needed for switching the
membrane from the up forced stale to the down forced state is

30 advantageously lowered.

In another variant, for moving the membrane 6 from the up forced



10 structure wherein the thickness of a non-functional part 61b is smaller than the thickness of the
functional part 60 of the membrane 6. This thickness reduction improves the actuation of the MEMS
structure becat@&M¥&ites the stifiness of the lateral non functional p&’r% BB HAY 8 propagation of
actuation during the zipping effect is thereby enhanggd. 15These two improvements (gap reduction
and thickness reduction) can be practised for improving any MEMS structure of the invention

comprising lateral goREHGIONALARHASM P Liste A HRRLIGH 3 A BB ISR RS iapcior improving the

embodiments of figures 5 to 12. Figures 4A, and 5 to 7 shows three other examples of
geometry for 20 tharpiashisraiie glectrodesyae’bavdlie\RaiHaiiRg N iacialicsruniiage aght and left

lateral non-functiorparidesdd sreTAIER LEEIbRY step, Hdhe prRMABIFARBE Qfulishye forthe membrane
6 comprises a central functiocagl art 60 that eéiends etween the two la e}% illars, 3. This central 25

functional part 60 fS¥ATEPE A oFIERTRATANENG SV RIHCRINS AT S F2F RO &Ppart 60 of the
membrane 6 is £xtectdaibatetairdndplicd olbylectrodetBataddibpart 61a having a rectangular shape

of width 12 (1211). - ' Tpgigﬁﬁq%gwgﬁ(ﬁgg}leog,rh%o % @m@gﬁe@]ﬁ Q45xt ded laterally by

four extensions 61 having a ape and forming four lateral non- nctional parts 61b of length L3

and width 13. The<2p trductiends ebiFnatiuimPEaR8 1 WY pekfssndiesviesimisitiangf the functional
part 60 of 15 the @5&%@@%1@%&6%%&?@@@%@%(Xﬂraﬁé}%éﬁt%@g‘é@gfv@ﬂ@ﬁm part 61b is

positioned outside the pillar 3 or 3' in the transverse direction Y. and extends on both sides of a pillar 3
or 3 in the longituIRRYRAFEAER SETTFREAAMS HIHARA! diat e 288 TRefimRe R tdRfal lowering 5

actuation areaso/ cy@ystrblised by dotted lines) having substantially a U shape. When the membrane 6
ateral non-functionl part ST LB DoaTe A A A Date L P T E ol it 3 or
3'in the longitudinathiftkeesd nreduntigh dswebtsinech avitihe etrdueleass Sbf detishit lierahisipy actuation
functional part 61b that is smaller than the thickness of the central non-
functional part 61a of the membrane.
15 Figure 6 shows another embodiment of the invention wherein the
membrane 6 is supported on four pillars 3,3'. The raising actuation areas 8c
(symboiised by dotted lines) extend under the membrane 6 on both sides
(length L3) of a supporting pillar 3 or 3’ in the longitudinal direction X. During
the switching movement of the membrane 6 from the down-forced state to
20 the up forced state, a zipping effect is obtained in the two areas of length L3
of the membrane 6 that are positioned above the raising actuation areas 8c.
Figure 7 shows another embodiment of the invention wherein the
raising actuation areas 8c (symbolised by dotted lines) extend under the
membrane on both side (length L3) of a supporting pillar 3 or 3' in the
25 longitudinal direction X, and the lowering actuation areas 7¢ (symbolised by
dotted lines) extend under the membrane on both side (length L'3) of a
supporting pillar 3 or 3' in the longitudinai direction X. The membrane 6
comprises four lateral non-functional parts 61b that are similar to the ones of
the embodiment of figure 4. In this embodiment, during the switching
30 movement of the membrane 6 from the down-forced state to the up forced
state, a zipping effect is obtained in theses lateral non-functional parts 61b,



areas 8c (symbolised by dotted lines). When the membrane 6 is at rest (figure 1 and figure 4), each
raising actuation area 8c is positioned under a central non- functional part 61a the membrane 6. When
the membrane™ & &M1& %0p forced-state, because of the 15 bending of #& FHEMHEPANE' (figure 2), the
end 61d (figure 5) of each lateral non-functional part1§lb of the membrane 6 is closer to the lowering
actuation area 7c than the opposite end 61e of said lateral non-functional part 61b. For switching

the membrane 6 of figure.5 f egnbe.u forced state 1o th n forced state, no actuation voltage is
applied on electrodaeésgpgg%iagr?é@g Crg)f% g’rrlctﬁgtﬁa |8r(1} ‘\T&?aﬁe } uéleném AN %?/ %%?&fa%n the
electrodes 7a, 7b. Fletroethnt taecuerabeane fefmmdheitpioved rstetattuheavaretoedind are pulling

down the extension @eoLEiRIBaRSiO YAk asRe Rl SR tisAUlina I orces are

exerted on each lateral non-tunctional parts 61b of the membrane 6 simultaneously on both sides of

each lateral 25 pill SFY APt srymeritioardirbaysing ‘aweingippivaliera@aaéahe one previously
described for the membramaefifigstitod )its advamiageows!y oEine dstdiiratafnpnsfunctional parts
61b of the membrane 6, Thanks to this zjpping effect, the actyatjon voltage needed for switching the
membrane from th&" 3&?5?8834( ig?e'stér?ﬁé[ g%ég’r? S%Fgéa @Lﬁ@%@&%‘&@&ﬂq&ag&%ﬁ&ﬁgred. In another
variant, for movingwité raeyn bi&MS6 doomritiegu mforembrabesttitat taahe wovberidededsiate, in a first
step an actuation vigltage can ieghon the elgc S./4a, whl intaind actuation
voltage on electrodesaaa, %%] ﬁ'g?r?oi% a&igecond step,g %tg%er a{?re%%?epr#%e@gl drﬁ%ggﬁg(%? example a
duration corresponiijtedinadvsiiechitg erredosiate BwieRy lsatisacislion/arage adgplied on
electrodes 8a apd @ver effedt@hthse\Gtéa0bl fidre S, the aforesaid improvement related to the gap

reductioq is obtained with g2 at rest between the sybstrate 1 and each lateral non-functional part
61b that is smaller than thg gé'gsgé? pé%&%g%ﬁreﬂeehoggﬁﬁ’gﬁﬁ H!?dﬂﬁﬁ%%-é?i?{‘%ﬂs& of the
membrane 6 and tiigurssBilisttétdhe. black &or theywdradirgd Bfguntad stlea afctmmb'tmbvement
e S SR O h L 5eD il oo e
In the embodiments of figures 8 and 9, the membrane 6 forms a
15 cantilever beam that is clamped at one end 8b on the substrate 1, and is
supported in the rest state by one pillar 3.

More particularly, in the embodiment of figure 8, the contact area C
of the switch membrane 6 is positioned between the pillar 3 and the clamped
end 6b of the membrane. The membrane 6 comprises two lateral non-

20 functional parts 81b. Each lateral non-functional part 61b is positioned
outside the pillars 3 in the transverse direction Y and extends on both sides
of pillar 3 in the longitudinal direction X. There is one electric raising
actuation area 8c that extends under the membrane 6 and on both sides of
pillar 3 (under lateral non-functional parts 61b) in the longitudinal direction X

25 of the membrane. There are two electric lowering actuation areas 7¢.

More particularly, in the embodiment of figure 9, the pillar 3 is
positioned between the contact area C of the switch membrane 6 and the
clamped end 6b of the membrane. The membrane 6 comprises two lateral
non-functional parts 61b. Each lateral non-functional part 81b is positioned

30 outside the pillars 3 in the transverse direction Y and extends on both sides
of pillar 3 in the longitudinal direction X. There is one lowering actuation



15Figure 6 shows another embodiment of the invention wherein the membrane 6 is supported on four
pillars 3,3'. The raising actuation areas 8c (symbolised by dotted lines) extend under the membrane 6
on both sides WERYI1%Y5f a supporting pillar 3 or 3" in the longitudinal 8f&&E3H B Btng the
switching movement of the membrane 6 from the doyyn-forced state to 20 the up forced state, a
zipping effect is obtained in the two areas of length L3 of the membrane 6 that are positioned above
the raising actuationeareais 8acﬁ d Qﬂ&ﬁ%‘%ﬁ 7rsg?wsa%n%t{i1er§ emb??imﬁr]\t of! the. invention wherein the
raising actuation areassscc(symbollse y qofed’ ﬂnestyex Endf thasr t eerr‘cfe@rr(%‘tljiiI(’:a\r'%aeisﬂﬂ%i both side
(length L3) of a supsbialian sitesr 3 enx@ridsthades fongitminahel Bertiborbotindidee tdwillsing actuation
areas 7¢ (symbolisgdl nquiark inGskHerid I HaieTeN MFBRLARR.AMA ULl tengiiz L'3) of a
supporting pillar 3 or 3' in the longitudinal direction X. The membrane 6 comprises four lateral
non-functional part@8TE K are similar to the ones of the embodiment of figure 4. In this embodiment,

during the switching 30 mayemerhidiimenemér Feredram ihedowa-Tersasrshtestaghe up forced
state, a zipping effect is obtained in theses lateral non-functional parts 61b, 17 as previously
described for the e(rzrﬁ%m wéi)'gi?{n&eflgm%rﬁngUEr%%a’fh'g KRRERNT rﬁg%?n%'ﬂ?%f egmg{lﬂﬁane 6 from the
up-forced state to thetitolanfoltue thetabegre Hppimgistéintd sab btdineatin@hebmbyaamas 83 length L'3 of

the membrane © 65 PREHRRAGC BN AWCHPALEFEAB AR 1o BThe Wygpton s not

limited to a MEMS structures having a membrane 6 that is freely supported on pillars, but can be also
be practised with a?HPRAERAEDR!SHBARTEH R HB M9PHHE Sad be bended down longitudinally into a
down forced stgge and than can be bended up longitudinally into a up forced state by using electric
actuation means and a 10 lever effect on one or several pillars. Figures 8 to 12 shows other
embodiments of the invention. On these figures 8 to 12, the black dot C symbolized a contact area of
the functional part 60 of the switch membrane 6 when the membrane is in the down-state In the
embodiments of figures 8 and 9, the membrane 6 forms a 15 cantilever beam that is clamped at one
end 6b on the substrate 1, and is supported in the rest state by one pillar 3. More particularly, in
the embodiment of figure 8, the contact area C of the switch membrane 6 is positioned between the
pillar 3 and the clamped end 6b of the membrane. The membrane 6 comprises two lateral non-




20 functional parts 61b. Each lateral non-functional part 61b is positioned outside the pillars 3 in the
transverse direction Y and extends on both sides of pillar 3 in the longitudinal direction X. There is one
electric raising actuation area 8c that extends under the membrane 6 and on both sides of pillar 3
(under lateral non-functional parts 61b) in the longitudinal direction X 25 of the membrane. There are
two electric lowering actuation areas 7c. More pdaicularly, in the embodiment of figure 9, the
pillar 3 is positioned between the contact area C of the switch membrane 6 and the clamped end 6b of
the membrane. The membrane 6 comprises two lateral non-functional parts 61b. Each lateral
non-functional part 61b is positioned 30 outside th&%in the transverse direction Y and extends
on both sides of pillar 3 in the longitudinal direction™x: is one lowering actuation 18 areas 7¢
and one electric raising actuation area 8c. The electric raising actuation area 8c extends under the

membrane 6 and on poth si f pillar 3 (under lateral pon-functional parts 61h) jn the longitudinal
Cirection X of the membA KD S aHE HENT S AJGRE 1D e HAR R e
clamped-clamped membsagtibiriais posideniathahoverpiltacsrdl Jidarerpasticetanystbegmgmbrane 6

is maintained at both endsgﬁb,é%c arms 63 that are clamped to the substrate. At rest the membrane
6 can be either supporte¥'6Fhots TEMREPRFo PRGHCsIowelgo2rkipipn srearsiBfls

structure comprising a flgxibie) mpgsabraneny RishasaaRipé engbuiaahaxis delipingradgngitudinal

direction, at least one pillar under the flexible membrane, electric lowering actuation means that are

adapted to bend down tiAfRxBREHR PNk ryalianhaarcethalate adarietaisihgadtyation
means that are adapted gbaagnip thr e membiane ineRBYRIgIseatAtR RS MRgLeIn the

10 electric lowering actuation means or the electric raising actuation
means comprise an actuation area, that extends under a part of the
membrane characterized in that the actuation area is adapted to exert
pulling forces on the membrane simultaneously on both sides of the
said at ieast one pillar in the longitudinal direction.

15 2. The MEMS structure of claim 1, wherein the membrane comprises a
flexible functional part that is positioned above the said at least one
pillar and that is adapted to be bended down or up by a lever effect
on said at least one pillar, and at least one fiexible lateral non-
functional part that is positioned outside said at least one pillar in the

20 fransverse direction, and that extends on both sides of said at least
one pillar in the iongitudinal direction, and wherein the actuation area
of the electric lowering actuation means or the actuation area of the
electric raising actuation means extends under said at least ons
lateral non-functional part and is adapted to exert pulling forces on the

25 said at least one lateral non-functional part of the membrane
simultaneously on both sides of the said at least one pillar in the
longitudinal direction.

3. The MEMS structure of claim 1, wherein the membrane comprises at
least two lateral flexible non-functional parts that are positioned on

30 each side of the functional part of the membrane in the fransverse

direction.



10 electric lowering actuation means or the electric raising actuation means comprise an actuation
area, that extends under a part of the membrane characterized in that the actuation area is adapted to
exert pulling forces on the membrane simultaneously on both sides of the said at least one pillar in the
~ longitudinal direction. 152. The MEMS structure of claim 1, wherein the membrane comprises a
flexible functional part that is positioned above the sapghat least one pillar and that is adapted to be
bended down or up by a lever effect on said at least one pillar, and at least one flexible lateral
nonfunctional part that iTpesiiEnésl atnsidersatf aldéastone pienirGtheABtrarsuprRangdirgction, and

that extends on both sides of said at Jeast ope npillar.in the longitudinal direction, and wherein the
actuation area of the eIesé{s%{%?\ﬁeriﬂ@%ﬁ@aﬂ&wﬁ{ﬁ'ﬁg%r Qﬁa gé’:&é?iéﬁeé?gé%]ﬁ% RIS aising

actuation means extends Usdet agidrai least anenateyagnodiduneieabparbangd isagapechio exert
pulling forces on the 25 _said at IFast one lateral non-functional part of the membrane simultaneously
on both sides of the saié“gf:ﬂ%ﬁ P pitdISF RS GRiiAR dReduBriana Rafsvrtendetlire of claim

1, wherein thesmembrane Rnmieiree aidensidnm lsjesaldistiRlenontfupcinmripadshatage
positioned on 30each side of the functional part of the membrane in the transverse direction. 20 4.

The MEMS structure of SIRAFIBIEA QH{SK s s8I Bt drastiong riluHadhstranmeiseiEsaietional part
of the membrane is extefgpdhal R385 AE9BHEBEiNSREJoBEIGN Al dESEH OGN DY SE W Ghe

nonfunctional part, wherein said central non-functional part is extended 5 in the transverse direction

by at least a lateral non!fiistiisingl sirestiens pyshionereintsioe ep atletestometwraniniee
transverse direction and;thak@xends eaiBlisidesnisridiahiaast one algdp "?ﬂ@%‘;&ﬁ”a'

direction, and wherein the gap at rest between the substrate and said lateral non-functional part is
smaller than the gap 108t reatthépiessthdianbgiansrtsithemimbrassarahtheasubdhate. 5. The
MEMS structure of any ghe-gt.¢laims 2 to 4, wherein the functional part of the membrane is extended

at least at one end, in the longitudinal direction, by a central non-functional part, wherein
5. The MEMS structure of any one of claims 2 to 4, wherein the

functional part of the membrane is extended at least at one end, in

the longitudinal direction, by a central non-functional part, wherein
15 said central non-functional part is extended in the iransverse

direction by at least a lateral non-functional part that is positioned

outside said at least one pillar in the transverse direction and that

extends on both sides of said at least one pillar in the longitudinal

direction, and the thickness of the lateral non-functional part is smaller
20 than the thickness of the functional part of the membrane.

6. The MEMS structure of claim 2 or claim 3, further comprising a
substrate, wherein the functional part of the membrane is extended
at least at one end, in the longitudinal direction, by a central non-
functional part, wherein the functional part of the membrane is

25 extended in the transverse direction at least by a lateral non-
functional part that is positioned outside said at ieast one pillar in the
fransverse direction, and that extends on both sides of said at least
one pillar in the longitudinal direction, and wherein the gap at rest
between the substrate and said lateral non-functional part is smaller

30 than the gap at rest between the central non-functional part of the

membrane and the substrate,



15 said central non-functional part is extended in the transverse direction by at least a lateral
non-functional part that is positioned outside said at least one pillar in the transverse direction and that
extends on both sides of said at least one pillar in the longitudinal direction, and the thickness of the
lateral non-functional part is smaller 20than the thickness of the functional part of the membrane. 6.
The MEMS structure of claim 2 or claim 3, further co@iprising a substrate, wherein the functional part
of the membrane is extended at least at one end, in the longitudinal direction, by a central
nonfunctional part, wheféia ME ks cionetlpaiofahermendsratedinis 326r ecttémdedvtéhneitrdnsverse

direction at least by a lateral nonfunctio z?é art that is positioned outside said at least one.pillar in the
transverse direction, ar?g ?ﬁta,l rez%eonad'é ?)?1 oth s %gagﬁ said 5{ gagfjt o%ge?%ﬁ Z;t.ralﬁl’l] e Igrqgitlﬂ%inal
direction, and wherein tie gampitdistbsitectemiihy substise mordisarcti@teralarhwhareiotisd part is

ller 30than th t rest between t tral non-functi t of th b d th
Substrate. 21.7. The MENSQHIcERSOP bR 36T AR 6 A B inilelNind IRGETal part of

the membrang is extendedatideast atautebgnd, lutdhst lopgifuditrlrirestientnby & cepdiabnen-functional
part, wherein the functional part of the rrlgmbrane iﬁ extended in the trans&erse 5 directi\ag at least by

a lateral non-functional Pt trat D AitAUCORANE s Mo AR LTRSS RESHIFFS AR (PR Uatse direction,

and that extends on bogxmiles &rsaigtatdrrst enedilaitintg longitdimakdiectiongiangvherein the
thickness of the lateral non-functional part is smaller than the thickness of the central non-functional

part of the 10membran& 8§ MRNI&NGrRRIIRE SriSRNPSShtRtRis kG iEHanghRectric

lowering actuation meagsssRENBRHIRA REliALRA:BEB A exianslsnordRmatRAAIGbdhedna@brane and
that is adapted to exert pulling forces on the said part of the membrane simultaneously on both sides

15 of the saitPat least OREHRERRE the longitudinal direction, and the electric raising actuation means

comprise an actuatign area NiraliexieRs e R LAY BRE'RATLRhEE themkaeAnddnakigdapted to

exert pulling forces on the said other part of the membrane simultaneously on both sides of the said at
least one pillar in the 200¥Rfitt@iRstdRERiSReaNT KOMALIHRS atrretiatinaaiEenthal erdipns to 8,

wherein the membrane&%@&sig%q_apwg ﬁ;éﬁ%%oﬂ@afﬁép% aéfgaiﬁggqg Pk iadﬁﬁdongitudinal

direction, and wherein the electric raising actuation means or the electric lowering actuation means
comprise, forces on the said part of the membrane simultaneously on both sides

15 of the said at least one piliar in the longitudinal direction, and the
electric raising actuation means comprise an aciuation area, that
extends under another part of the membrane and that is adapted to
exert puliing forces on the said other part of the membrane
simultaneously on both sides of the said at east one pillar in the

20 longitudinal direction.

9. The MEMS structure of any one of claims 1 to 8, wherein the
membrane is positioned above at least two piliars that ére spaced
apart in the longitudinal direction, and wherein the electric raising
actuation means or the electric lowering actuation means comprise,

25 for each pillar, an actuation area that extends under a part of the
membrane and that is adapted to exert puliing forces on the said part
of the membrane simultaneously on both sides of the corresponding
pillar in the longitudinal direction.

10. The MEMS structure of any one of claims 1 to 9, wherein the

30 membrane is a free membrane whose both ends are not clamped to

a substrate, and is supported at rest by said at least one pillar.



25 for each pillar, an actuation area that extends under a part of the membrane and that is adapted to
exert pulling forces on the said part of the membrane simultaneously on both sides of the
corresponding pillar in the longitudinal direction. 10. The MEMS structure of any one of claims 1 to 9,
wherein the 30membrane is a free membrane whose both ends are not clamped to a substrate, and is
supported at rest by said at least one pillar. 22 11. T2 MEMS structure of any one of claims 1 to 9,
wherein the membrane is a cantilever membrane that is clamped at one end to a substrate. 12. The
MEMS structure of ah{. dhe dfleliifhssirtoi@rehefeimhesSenenimiaiteds tlam e dvatemgedineembrane
that is clamped at both ends to a substrate,. .
membrané is a cantilever membrane that is clamped at one end to a
substrate.
12. The MEMS structure of any one of claims 1 fo 9 wherein the
3 membrane is clamped-clamped membrane that is clamped at both

ends to a substrate.



