MEMS STRUCTURE W TH A FLEXI BLE MEMBRANE AND | MPROVED ELECTRI C ACTUATI ON
MEANS Technical field The present invention relates to the technical field
of M cro wbeotwiwsechani cal Systens (MEMS)land nore espe@calHPgommoEOnoOVe
MEMS structure having a flexible nenbrane and i nproved electric actuation
means for bending said nenbrane. This novel MEMS structure can be used in
various applications, and in particular can be advantageously used for
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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 capacitivé
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 two positions, and electric
actuation means that are adapted to generate forces onto the mechanical
switching means in order to move the latter between their at least two
positions.

25 Different actuation techniques can be used for implementing the
electric actuation means of a MEMS structure. These electric actuation
means can be electrostatic, electromagnetic, piezoelectric, or electrothermal
actuation means. Electrostatic actuation is however the prevalent technique
in use to date, since it enables to reach shorter switching times (typically less

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

in RF MEMS switch designs, different actuation techniques can be combined
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technol ogi cal conpatibility with classical CMOS process flow. Furthernore,
in RF MEMS switch designs, different actuation techni ques can be

conbi ned(Wonosxasg2fe an el ectrostatic voltage hold can lpeTEropo®ii7eith a

t hermal actuation). The m cronechani cal sw tching neans of a MEMS structure
can conprise a novable rigid elenment, like for exanple a novable rigid
beam or a flexible nmenbrane. MEMS structure conprising a novable rigid

swi tching el nt are described for example,in US patent appligatio
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a flexible nepRistgg).enabl es however to achi eve advantageously shorter
swtching tines, conpared to the use of novable rigid switching el enent.
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constituted GPMANSH 2MQVaRisHad| SlRmeqt (ke fphexampimf dRevahie NG PPAMed i n
the follown ' |EPrantS patent application 2004/0050674, US patent
appl i cati\(l)\sn %(5%#&%%@03 lr}?'opean pat ent application EP-A-1 343 189, PCT
application WO A- MEMSOstBtdre ddraprisieg iabimevakletnigia switehingeelaimeot areinped on
a substrate spol el t. one end in cii:ger to forma cantilev

g er.. NEMS |
structures cElPsFikgthdon xamRIa; Ky W eRaient prlication «PU9/0QQIR1a Qami | ever
flexible nme | | : X hdn the US patent 5,638,946. The
flexible ms%@Q@%@&gﬁgé&g@%@gg@&?lfjlgépsgg{;é;d on a substrate, as disclosed

for exanpl e in Eurdpeanspadrd fleriple anémbrarieP-ehabledOhowéber Suchcliele ee
fl exi bl e menbrane i s advant ageousl e( subjected to a | ower nmechani cal stress
)

than cl anp@d-advanizegously shorter suitehinglimes, eqmpanedyior theekss Sharovablgy t he
lifetime of . e is thus advantageously increased. In the
7o GuRd eisiets

enbodi nent o of EP European patent
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- 2004/076341.
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
disclosed 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 European 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



application EP-A-1 705 676, the flexible nenbrane is freely supported on
two pillars and is adapted to have two states: an up forced state (shown on
figure 2)wendicaossest state (shown on figure 1). |n ordePCrErP@ndot7ne
menbraneinto its up force state, the MEMS structure conprises electric

rai sing actuation neans that are adapted3dto bend the flexible nenbrane in
order to raise the functional part of the nenbrane. In this particular
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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 lowering 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:



applied on the electrodes. But with such a two forced states MENMS
structure, in order to be able to nake the nenbrane nove between the up
forced stwiDeosv@sg2ne down force state, w thout failure, pamErPeéronesded at
high rates, it is necessary:- to use a stiff nenbrane and | arge nenbrane
deformations, in order to obtain a nmechanical restoring force of the
menbrane that is sufficiently large for bendi ng back the nenbrane towards
its rest position, - to u hi gh actuation voltage e to. the | arge gap
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axi s defini ngand renders the MEMS structure more difficult to design, notably in terms of
compactness constraints and manufacturing costs.
The objective of the invention is thus to propose a novel MEMS
15 structure, 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 voltage 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

This objective is achieved by the novel MEMS structure defined in
25 claim 1. This novel MEMS structure comprises:
- a flexible membrane, which has a main longitudinal axis defining a
longitudinal direction (X),
- at least one pillar under the flexible membrane,
- electric lowering actuation means that are adapted to bend down the
30 flexible membrane into a down forced state,

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



| ongi tudi nal direction (X), - at |east one pillar under the flexible
menbrane, - electric |owering actuation neans that are adapted to bend down
t he fl exiwbDeormewis2ane i nto a down forced state, - el ect PCT/RP2#1SI0NLY01
actuation neans that are adapted to bend up theflexible nenbrane into an up
forced state, and wherein the electric |I®wering actuation nmeans or the
electric raising actuation neans conprise an actuation area, that extends
under a part of t nbrane and .t hat ted to exert pulling forces on
t he nmenbrane (6) E'%?ﬂ!? Bﬁ?j@n?/ rg?laﬂéiprfgé (ﬁiaeﬁ the said at | east one
pillar (3) | mndh@hbrIMithe Eiddttic dbwefitd %tda’ﬁbn rhBbfis ©f! ABSEIRBtrie! raidhtg
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exanpl es, reference acconpanyi n

figure 1 is alireetion improvestiie achiatior df-the oherhbaineefren arfe forcegpstate tove RF
MVEMS swi tch of the invention, the flexible nenbrane being in its rest
posi tion, 10 thgEther2 is a section view of the switch of figure 1, the

flexible marrbr ane REkAE the ddopedSithd Mvefiflort ! fHeCHiexible 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 least 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 I-I 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 flexible
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 to 7 are top views of other examples of capacitive RF

MEMS switch of the invention, showing other suitable geometries for



- figure 3 is a section view of the swwtch of figure 1, the flexible
menbrane being in its up forced state, - figure 4 is a top view of the
capaci t i WweORB10MBAE7sw t ch of figures 1 to 3, - figures 2&T/FP2010/0717ar e t op
views of other exanples of capacitive RF MEMS switch of the invention,

showi ng ot her suitable geonetries forthe nenbrane and actuation areas,
Figure 8 to 12 are top views of other exanples of MEMS structure of the

i nvention, show n hot her, sui tagl e, geonetries for the menbrane and actuation
areas, - Figure 1% ‘?E‘%“‘?@Be@iﬂ \ﬁcé%g'op\ﬂfeﬁ’oss-section views of an inproved

MEMS structure of figard 8Y&ARINE top oles! STOtIGSOHENSIES Bf MEWMS &Frudtur® of Show a
capacitive RF MEMS switch that is nade according to preferred enbodi nent of

the invention. Fothgakentibncsbowing, other auikablée geoowines farrtlermembdandat t he
scope of the invention,ig. not limted to a capacitive RF MEMS switch but
enconpasses any MR aAYHONAE3 onprising a flexi bl e menbrane that can be

act uat ed between gt {PI8 403 AP afld duB dIuIséichoflens 3 o iMitolay ent i on

can be for exanpl SO practise i ng ohmc contact SwWi t ches
or M cro-Opto- El MEMS strchaeicf e Byehtiors ( MOEMS). The capacitive RF MEMS

switch of figures 1 to 4 has a nqvel_ _structure that is now going to be
detail ed, and can be manuf acturebﬁé@ﬂﬂiﬂﬂ&wﬂﬁntional surface

m cromachi ni ng t echs [ ri ofd t Qui -F%@\/S
switch conprises a%rgg ﬁﬁi ﬁ?ﬁ@(fﬁ%ﬁ@é&%\@eﬁg msic_ll?‘lsc%rlll?chf E)Hryrfﬁlggm e

substrate of acberding te preférrediembodiment of ¢he dyv@ntidn., Fos sake of \cidritpnit | ayer ,
I's deposited onto the surface of said wafer 1. On the dielectric |ayer 2,
the swi t chO conystibediowever wodedingd Mhatine sepre of the invantiopieneblipiad @it in

the | ongi tudifapl g eRE Menis SRAEPELE Encbripadtil el NSt Rfubluagisver se
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 — transverse direction Y perpendicular to 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 pillars 3, 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



figure 1 (see figure 4 - transverse direction Y perpendicular to the

| ongitudinal direction X), - one central pillar 4 that extends in the

t ransver swodnrogios$20n Y, the said central pillar 4 bei ngppogpreélonerfobet ween
the two lateral pillars 3, 3" and preferably at the centre between pillars
3, 3. In contrast wwth the lateral pill7ars 3, and 3', the top surface of
the central pillar 4 is covered by a thin dielectric layer 5 for the
capacitive smnt hconfiguration. The two lateral pillars 3,3 and the
central pill&P" #mfaﬁﬂ?a Copl anar Wavegui de (CPW, the two lateral pillars

3,3" correspondi ngThg Mbelaﬂirﬁpﬁlﬂaﬂs'fﬂgsana' e ‘ééﬁfrélaélllé}* 4 igim 4 €epBRat he
signal line for the transm ssion of RF electric signal within the
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al so i npl enent ed cro tri, ve I de. Thelater
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direction Y. Both ends _6b, 6c of the nenbrane 6 are not cl arrped on the
subst rat el cRRductivdynErpexample; tha dielectis (ayets fosane deamadesef silicqure 1)
by the p|IIa riant of figure 1, the flexible nmenbrane 6 is
spaced apart ngmﬁé}?d‘r’bA %\@ illar 4 , and is thus not supported at rest

by said central pifTharRR MEMS BWIREH Qurtherdopriset e siitex eldngertwitlich igrenbr ane
6 coul d be however supported at rest by the central pillar 4 . This

f1 exi bl e mentspasEUERd Ry adhis flgxibiemembrape Sxefipngitusing 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
aluminium, 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



al um nium gold, or any conductive alloy. Figure 4 shows an exanpl e of
geonetry for the nenbrane 6. Qther suitable geonetries for the nenbrane 6
are showwonofogss2es 5 to 7 and will be hereafter descriPb@Epr2oroset7ail s.
Referring to the particul ar enbodi nent of figure 4, the nenbrane 6
conprises a main central flexible part & that is supported by pillars 3,3
and extends substantially between the two lateral pillars 3,3 . Said

central fl exibhl rt . 6P is referred.therein as the "functiaonal,. pagt” of
The. membr ane can Rt b B ERUEL ARG (e B br densitilie) FRCUKL ¢ he
| ongi tudi nal pi4 Re/kl effedd oPihelpill &3, 3 ThRCUnEtbridIparidd s %ctanylé S
functional part 60 forns a rectangle of wdth 11 and of length L and

conpri ses twofmédthallandhof [emgths LﬂsoandusdrrﬁmilseaﬂWDa'egfangul'adtpartsﬁom angul ar
part 60a is i tioned b eg the lateral, pillar.3 and the ntral pillar
201 and rect SBTORaMAtab NeciaBanBr Br240Bu rBvonsLbeteEndfe AL 5
and the cegt [Efﬂhqpi";'é tie -cehfi8l pia¢ 4,08/ r@éﬁhgﬁ%roéar{ BOLTRTBbEMENE | S
extended at both ends by two extensions 6 1 haVing a substantial U shape.
Each ext ensi detBedn the lateralrpikad X bad dercerstral pidlar Aunct i onal part"” of the

menbrane 6. These "nonfunctional pari" constitute . actuatiqn area that are
usual | y not presentﬂ@ upe Haﬂl%{e@edpe@&’ﬁ'?q g\}%ﬁxﬁﬂﬁggﬁt% §Pe®. Each
non-functi on : h G Il : :

non- functi onzi!dy %%th?éloﬁ%rér% ﬁaﬁﬁﬁ? gasetgr(]) {tﬁgh?ﬁéhgggﬁgﬁ s\'/\%‘ jaltlser al non
functional paefesredliherdincds I'drefualtioread-ganticdfi iheamepirase &l THezenhoa-

rectangl e of length L3 (di mension neasured in the |ongitudinal direction
X) . and of 1Qi dunctiopal gare sonstifuta: astualian areartbat agp disualy not rsesesoly) . The

two | ateral gl Eah%&} 19&#1' e non-functional part 6 1
are positione% Oé\é’&;gc S B tt'h’??"tﬁ?:?i%g#gﬁ}?%;rt 60 of the nmenbrane 6 in
the transverse dir &ichaonfunttidna plagt 8F ofihermémbrane6 fcoriprisas er édntral
non-functional parts 61b of the nenbrane 6 have been hatched on figure 4.

When t he nentiteardenetional part@ia feeringtbe pase Af Bie Wishare and twadaterd monal
non-functi ong)n&ihb Bas bo.P5eH RAE RSV RHAENAEaR 61tRfcimE a foctrbid e

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 outside the pillars 3, 3’ in the
longitudinal direction X ; each lateral non-functional part 61b of the
membrane 6 is positioned 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. Furthermore, a space 62 is
provided between the main flexible functional part 60 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 longitudinal direction X) independently of the main

flexible functional part 60 of the membrane.



| ongi tudi nal direction X ; each lateral non-functional part 61b of the
menbrane 6 is positioned outside the corresponding lateral pillar 3 or 3
in the trsioxearwss2di recti on Y and extends on bot h si desPoff/HPh&0/001701
corresponding lateral pillar 3 or 3 in the longitudinal direction X
Furthernore, a space 62 is provided betvgeen the main flexible functional
part 60 of the nmenbrane 6 and each | ateral non-functional part 61b, in such

floxtbl o and i s abr® Stpa Yashed DRy AN SRy nsigandh THBWIen e Lai nay
di rection X) MIBME)SAAEHdlith PlefblblyTBbMpreX kb Bl (eRfedas pAdgel the

menbrane. As al ready described in opean patent application 1 705 676, the
MEMS switch gasts’ v EPer 306 §76)dthpt arsepositianedeabovaeachdateralqilans, 3 bandige

ts" in EP,1 705 676) that Pt d | at | pil.l. 3,3,
parts, 1 TP e STEL LIRS RaRIH bared ahous apchilateraloplbier 5.9,
i s freely posiddyopsSshionHde Thesd Ql%ﬁféﬁs %eshgﬂg’}r’]‘@ﬂg%h¥ﬁg%fﬂé’hﬁfbr%aké%¢ for

sake of clarity "are not shown on Tigures se stoppers are used
f or mai nt ai nichayity lere neotbstzoven ®rofigutes 2aared . Thdskastoppemndre3'uset ufor wi t hout

hi ndering the nepbrane 6 fromfreely npvi relatively to the |ateral
pillars 3 durrf‘?fa%?%heﬁs a’i'ehg %%h[}"?qfﬁEQQB'ﬁ ABd s3'c At Mé‘{hoé’ | aced
by any ot her feding! ¥ | ; '

el ectrostatic | ov(/'e itﬁgt’%‘%g@ﬁ%ﬁ@?ﬁ%ﬁﬁw a%glvéggéhﬁééé{%%ﬁm"%%s%om

| ongi t udi nal Iduringenorevabnseeofothenswitahh el esenstbppersceast beaeplaceéd day any, and

el ectrostatic raising actuating neans 8 that are used for bending up
| ongi t udi A&l IAheNRAUNAIBHMINRANS. i nto the up forced state of figure 2. The

el ectrostatic | oweriag et MRS S IRA Surthd %P{‘@rriggg $¥ct’r3§?afi5't'§®§@'l‘%f t he

el ectrodes 7a, 7b, that are positioned under nct1onal par

menbrane 6 . atheatingt edezmis & ¢edtr adeuséd fort beddingedowa nlohitudinalr ahe pi | | ar
3 and the central pillar 4 . The internal el ectrodes 7b extends between the
central pill drembggng € frtolthe dowin fergadastate of fighre 3 andi electeastatic faisin@f er ence

lt gw]:air igﬁée 4 ’ac&tﬁb‘?in‘gv}ﬁeéﬁg § rtﬁeﬂ'ar@ lu%%& ?8%&1&@9 ZB I&‘aithmntallﬂ}% h@h?orrgﬁé
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
pillar 3 and the central pillar 4. The internal electrodes 7b extends between

20 the central pillar 4 and the lateral pillar 3'. More particularly, in reference to
figure 4, the two internal electrodes 7a,7b delimit two internal lowering
actuation areas 7c (symbolised by dotted lines). When the membrane 6 is at
rest (figures 1 and figure 4), each internal lowering actuation area 7c is
positioned under rectangular parts 60a, 60b of the functional part 60 the

25 membrane 6.

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

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

each raising actuation area 8c is positioned under a non-functional part 61



actuation areas 7c (synbolised by dotted lines). Wen the nenbrane 6 is at
rest (figures 1 and figure 4), each internal |owering actuation area 7c is
posi ti onesiounteross2ect angul ar parts 60a, 60b of the funcwPcormExkowpant7060 t he
menbrane 6. The electrostatic raising actuating neans 8 are fornmed by two
external electrodes 8a, 8b, having subsyggntially the same U shape than the
non-functional part 6 1 of the rrenbrane 6. Inreference to figure 4 , the
two external el ect rodes 3 inﬁ{ rai.si ngt aagt uat i og ar eas

(symbol i sed B9 B5I® S@% éCH%r € 3AQ agtuaton areq, ?C?fr“ip&ﬁ‘?% 1 and
figure 4), e?&t@rﬂ%‘aﬂbﬂﬁa%%sht%eﬁﬂﬁﬁieg@hé fat&aF hbh AiRdioHAOSAs61b of

non-functional part 6 1the nenbrane 6. Mre particularly, each raising
actuati on ar dbhe mmbmpmamdéhhaextwidsmrbcﬁh sitkes ofradlaterali pillasreadr dirindhe t he

| at eral non- functlon? 61b of the menbrane and thus extends on both
sides of a | Angtyd Wg‘f' in the longitudinal direction X Wen the

switch is a RE capgghés glf'ee?\)Mtér?ib atl'\*FecéBéh?\}é' ERiéh, qgwe%ﬁ@ugé@é’bf edén 7a 7b

8a, 8b is covered by a ectric layer 9 | gure in order to avoid any
ohmi ¢ cont acteldnttodecta 7ih8an8bis eoveréd byd diekectriocclayed égurdé irdorleetd ri c
| ayers 9 can be, jade of S|I|con nitride, Ta lelectric

| ayers 9 can 3Y8IiG 3y qb@iF sontaph befweep t @ﬁlﬁ’i‘%b'@’i’@%ﬁﬂﬁ}‘? Ctr@ﬁﬁ%l €0 avoid
an ohmic con tHStl 8 d Ban fFéTH{a%E %f63|m ﬁm‘?‘deel'leééqf‘oﬂﬂ@ AI!%1 anBEﬁ'er

variant, the ect c |"ayers 9 can be suppresseéed; arrant, the

Mens switch @Etectneelayabugrwrt bere paptadear bprawemhengeqmealenmm@me that cone
into contact with the actuation electrodes 7a, 7b, 8a, 8b. Rest state Wen

no act uat i®n efgbleade Wi  umigncemacts betweesydhe rmembrana 5 and dhe t he
o b i Q. HEPUSBERS WRRSE Hh LRr 5112)

In this rest al'l'y p anar I'S’'supported
by the pill arsuch.a varianti the [Meisesigitobr comerisegaabldment wiinstfbe pravehtiage 6 and

the substrate 1. In another variant, the nenbrane could be

the membrane to come into contact with the actuation electrodes 7a, 7b, 8a,
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
supported by the pillars 3, 3’, with a predetermined gap g between the

20 membrane 6 and the substrate 1. In another variant, the membrane could be
bended at rest.

Down forced state

When an actuation voltage is applied on the internal electrode 73,

7b, electrostatic pulling forces are generated within actuation area 7c and

25 are pulling 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, 6¢ of the
membrane 6 is high, and in particular is higher than gap g in the rest state.

30 From down forced state to up forced state - zipping effect

In order to move the membrane 6 from the down forced state of



bended at rest. Down forced state When an actuation voltage is applied on
the internal electrode 7a, 7b, electrostatic pulling forces are generated
wi t hi n acwoabioamssrea 7c and are pulling down the functiPpomaiP2gand1760 of t he
menbrane 6. These pulling forces are bending down | ongitudinally the
menbrane 6 into the down forced state offiffigure 2. In this down forced
state, due to a lever effect on the piIIars 3 and 31, the gap G nt between

bar 1 cutar 1 JOREnde T 0n s otk ortoul£ 3, FE BRI BRGR Vol ip e Blel o1 ot e

to up for ced efdcticdes 72 d 7B amafﬁmbltéﬂe&m&ean igetuEBR VolageapEIRe éh from
the down forced state offigure 2 to the up forced state of figure 3, no

actuation vo|tlnelgele¢tso®§pBaecBborElecmstatméercea aied gebetated smthmtmmgusl y an
actuati on volt ied,on t ctr es 8 Iectr ic forces
e gener at cdCHATRNAEA! & AR e ilingdGBIRG hoindthinal are 5 GBI t ne

non-functi 9n%erﬁﬂfatn‘é &. Mof ebpeti éolﬁl“gfe%%s@ucpﬁ'llﬁ e&ﬂﬂ?'f&béé( arc-?leﬁér‘téd)St atic

pul i ng down forces are exerted non- |ona parts 6 t he
menbr ane 6 sumammnptlomalbmrﬂs & oktheohembadnd Gt smaitapedusdy oB b@lth 3 in

the | tud X, f th mb 6
{rom the. dows et QlACa RIS RISl A6 o BISEIERBLAreHIOR K. 1t step an
actuat on Vol 1200880 bR RSP, BOTELERAE: Baorf i oo

mai ntai ning the actuation voltage on electro en 1n a second
step, after astaiedadmeaumfmeeb dhateytin arfirgtfstep ar achlation vditage cambe @ppiegpondi ng

to the switchin of the swjitch no actuation voltage is applied on

el ect r oded? 7z§’na ectr&qeér ﬁ?n\é% W}'i'%um"ﬁa'“"\gn they caciatior dpgéggs‘?%t e, the
gap G neasur ea
between the la era pit Fg:‘ghéwgé 5él(té(ﬁ]sdlrrsétt?p %} ﬁ%@ﬁféﬁﬁne@étﬂa{lgﬁ f?tFJ ed

bet ween t he sxaaiple@taeddrationl oeaebpemln@bo the smtchimg mmetufathe gwitch),nnd he down
forced state, the internal end 61d (figure 4) of _each | ateral

non- f unct i onActysion veltage s anpliefomelactEodssi A andigbc| oser to the raising
actuation area 8¢ {3089, 3BARSLLIR 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 substrate 1
and each end 6b, 6¢c of the membrane 6. 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 to 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 pulling forces that are
exerted within the actuation areas 8c 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 61 of the membrane are thus bended down and stick against
the actuation areas 8c progressively from the internal end 61d 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 61a. 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



external end 6 l1le of said |lateral non-functional part 61b. At the begi nning
of the switching novenent of the nenbrane 6 fromthe down forced state, for
a predet ewgizosdosg2ruat i on vol tage, the el ectrostatic pulPCirmeg2dioneest t hat
are exerted within the actuation areas 8c are thus higher on the internal
end 6 1d (figure 4) of each lateral nonq2unctional part 61b and are snaller
on the opposite external end 6 le of said |lateral non-functional part 61b.

2gai net the Sl Re8h o8 At S CE ST BBk OED LSRR A" g o
the | ateral nm{glmunﬁwQﬂ@khé)aptorﬁé@s{aw@fﬁ@réme external end 6 le of the
| ateral non functional part 61b and the central non-functional parts 6la.
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bended up 50'i!ﬁd)t5léﬁ1'aﬂé|fbb’ tHe tranéitisn Yidn e Adwit fbtr@edestefté %lrtﬁ‘e (5) fvced r eady
underlined, the gap G in the down forced state i s high, not abl y

hi gher t han gtateq Ifi thet rhnembarame o sf theswitThiwasiogly gemprislng ommrab@on-

probl ematic for the tr Ltion fromthe down f t at forced
P ate. Tt ¢ ndortioaLiRREBLs, Stkwasot Aoupaehal e Wi nonyhdichal i o

functi onal S Hahgl [ nal
parts 61b, anc]rb ?ﬁgﬁfet el eg%&\(?%dcf%os%a, gg'r%:&gc% rlgﬁgprrﬁs?ﬁgﬁgﬁg%kgny on

under such | sueh dateral mdnsfuntctiamsdpaotsr 6 th, @b, eledtmostatiecpullisg &drces prduld ng

forces woul d be exerfed only on the central non-functional part 6la of the
menbr ane Wi OF §¥‘°é'tq(£apnkyg%'b thg central gaR Ll'f@t'gnélcﬁ’?r&jgéa&g thgym aR@r esai d
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vol tages. In etfent waslld nwtthe tdhﬁamwaltd euch < Im[mlbgl,e (wnhetntnwterahd\oﬁ 1d of
each lateral non-functional part 61b of the nmenbrane 6 is close to the
rai si ng act udungionat eartse1b)weyld d&HmntaUhmugeéwerm@aéﬂparveﬁag%ﬁ zi ppi ng

ef fect can be advah agatust it el Fileffich el IR i) Bnb g wath o0

voltage, and in particu anTAct ualion vo i'S a vant ageousl y
much | owenst hateral non-functional part 61b of the membrane 6 is close to the raising

actuation area 8c in the down-forced state, the aforesaid zipping effect can
be advantageously started and obtained with a low actuation voltage, and in
particular 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 to:

- Dielectric charging: the membrane 6 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



the actuation voltage that would be required if the nenbrane was not
conprising the lateral non-functional parts 61b. The switching of the
menbr ane Wof2novmosdze down forced state to the up forced PCAEP2019/001705
advant ageously obtained with a | ower actuation voltage. Furthernore, there
is a high risk that the menbrane 6 sticK8 onto the substrate of the MEMS
structure in the down forced state. So-called stiction phenonenon is

wel | - known and ca ne 6 can be
subj ected to an eI%Q%Wgéwﬁlgéhggﬁbﬁ&mlgf%lﬁgﬂ[#'a éC%tI|Rg3§§‘EEH ne in the down
state, even if IheRifRebrddhekionegdices (WahlrlriWalSRRESs) ! Othid pReftitBngr ate are
cut-off. - Capillarity: this phenonenon appears when the gap between the

movi ng part of thappesats ahe:aseaaﬂmetellmat@étcmitta;:tlln| ahmie ogotact MEMS s very
| ow and the hum di tv\?( hev is high (typically >30%H). Surface adhesion
forces (Van der lighe rces) : this phenonmenon appears in case of

netal / metal conf acqp ichs® HfinfetaMbae coME¥Birs bhinfd 8Sntact MEMS &wiches!tal / net al
contact in ohmc contact MEMS switches, a partial nelting of the menbrane

can occur, therebyartalgnelijng dﬂtbdatmembmnagcam aceut; rthereby causmgratlight i c

contacts. Wth at | ogy wherein t f the swtch would onl

conprise central H@g*ﬂeﬁ%m%n%fa"sm e@leaial'ﬁﬁﬂnt%& d not conprise Iateraly
f ti I

non-tunctional par t\ﬁutr@%magl?beg‘%}ﬂérﬁn“thbﬁﬁ non&rﬁé Bdﬁsthégﬁw&h N@Mgd%rﬂ?t her e

conpri se any extension atera unctional parts
woul d be a hlogmpﬂsekcewftra‘l aohtfunctahal iparts\é ta; randheoulal Bot cd>mpnsepl|ﬂemimnon of

Vol t age | 80 2o Bacts Al e B2br GadswBsTeIBIhe LAERIAIER Re. APoMeuld dobap G
2 1500 gt Bt g My g b
pul | -of f for (Wbukﬂ biehee highi mskhoﬁ failure of the switch when a stiction phenomenon of

the membrane 6 occurs.

In 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 to
the aforesaid zipping effect, an electrostatic force is added to the mechanical
restoring 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, i.e. switching ability of the membrane when a potential 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



enhanced. A | ower actuation voltage can thus advantageously be used,

W thout prejudice for the efficiency of the switch. Wth the swtch of the
i nvent i orwwokewzmss27t he total pull-off force of the sw t @eaTiEP2@0lexvoed, the
stiction phenonenon can be solved nore easily. Another advantage of the

| arge pull-off force of the MEMS structyg4e of the invention is the hot
swtching ability, particularly for a RF MEMS structure, i.e. switching

or der 1o e SHPIEAEn By JHH Fefbefoh 2o i obiBinRBby ek ot PelsHEpSyiell °G 1 "

the MEMS strugéhifg if athebmidkpass.i edphynalfcahé %é;ﬁ%fwé% tthe denirabeloneen the
| ateral non functional parts 61b and thé subsirate as shown on figure 13.

In refer ence furctionabparts)Gia and the sabsjegte d candhealsn advantageeusly smfrller
functi onal ts 61b an e substra S eous| r, than the
gap g 1 bet CHRUTRe ?‘Euggtt? 3?"3’3‘?@'&@08?' ?{ﬁgﬁéﬁéﬁ‘g béﬂ&@ gﬁ'ﬁ%trate

Thi s gap redugbk@secan be obtained by a step of partial sacrificial etching
in the thickness. Optionally, the gap between the central non functional
parts 6la and the ddretpastieuldrly; imotder i boreadethe affeirncyyof dinmlatenal ndmn t he

Vor e part ?Eﬂﬁﬁrﬁ‘qtip?wgl Rits aub. The Ritms ulure Gy be fastiied bV TRaUFEe 381 non-
functi onal |ﬁﬁe%9f th%hSte'}ﬁ'\@rﬁfuhEﬁ& | a5 1Be IEqudb?Qn@d' bgfféb“&dlfci]@bt he

stiffness of teral non nctional "parts 6 hi's I's obtal ne

reduci ng t he théithickress affthé fatetahihon dlinctional parts 6 tindle. pygmhakifg la, MEMS by
maki ng a MEMS structure wherein the thickness of a non-functiopnal part 61b

'ﬁ smalh | eiotrsawctqﬁ@ Vt’hﬁ@'k'ri@@st isknesseof a menrfRelionshpartdylbole smallerdhdn ane 6 .
Thi s thicknegge tﬁ%ﬁ fu%ﬁén |*®;€8@%ﬁtthef}n%b¥§}% BENRisS fr{%grbgs s1b

because it re uces ness 0 eral non nction

and the propagdtdtion m*fpr@@émbl aniu@tww ofthe MEKPsirngursf becdusest tdurcedy
enhanced. These two i nprovenents (gap reduction and thickness reductlon)

can be pract .ta@dstiffaess abthey laterabagn fenstiosal patts Bdboand e prapagetiom 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 part(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 extends between 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, 6¢ 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



conprising lateral non-functional part(s) 61b, and in particular can be

al so practised for inproving the enbodinents of figures 5 to 12. Figures
4A, and 5woaoi/®wbsxds t hree ot her exanpl es of geonetry f®CTiHEHPeOWPNLIDAENE 6.
Fi gure 4A shows anot her variant wherein the right and left |ateral
non-functional parts 61b are joined togésher In the enbodi nent of figure 5,
the nmenbrane 6 conprises a central functional part 60 that extends between

the t | at | ] . ' tral,. t I Q f .

rect angl o of RERTHPENE iyt ot srectinodcRerk Mee bendididal . o0 of
the menbrane p@rti &1Lt SoyitRshedl o @318 tREPIIRR.3 6€30K the NRihstEReldiRit@ibnpart 6la
havi ng a rect angul ar shape of width 12 (1211). The central functional part

60 of the ned@ndaxterslsien bothsides efrapitian ZioedEnitye opgitudinakditestion das 6 1
having a L shape and fprm. four, |.ateral napfynctional art 61b of length
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the pillar BSbape Whrert the membsarer 8 & atirestofigore Vaadcﬂguveté)nﬂartsmfbmm si des
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menbrane 6 | rest (figure 1 and parts
| oweri ng act mBhntheabegltGdlnaMlmﬂodeer t he Iateral non-functi onal part 61b
of the menbrane and thus extend on both sides of a lateral pillar or 3'in

the | ongi 1Qdi nal diThectwe exermna}, elqciodes: 8288 d%'lr@'&ttWQdé%S'QQ @guatm mt two
(a1 5119 act ugpigy Py RiPLTsAP BRI Tl W Gl dergord ane

6 is at rest I gure IOﬂ area S

posi tioned urfigureal amintrgate mpreachuastng)a@mamr trealéc t&msimdanm& a V\Ihen
the nenbrane 6 is in the up forced-state, because of the bending of the

menbr ane 6 (ﬂegtﬁbnozyfumqﬁ@n@marsﬁiiatr(qrr@mt@am of each lateral

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 7c¢ than the opposite end 61e of said lateral non-functional part 61b.
For switching the membrane 6 of figure 5 from the up forced state to
the down forced state, no actuation voltage is applied on electrodes 8a and
20 8b and an actuation voltage is simultaneously applied on the electrodes 7a,
7b. Electrostatic forces are generated within lowering actuation area 7c and
are pulling 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 simultaneously 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 state to the down forced state is
30 advantageously lowered.

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



non-functional part 61b of the menbrane 6 is closer to the | owering
actuation area 7c than the opposite end 6le of said |ateral non-functional
part 61b.wbanimss2chi ng t he menbrane 6 of figure 5 frompChEPa@oforeed st ate
to the down forced state, no actuation voltage is applied on el ectrodes 8a
and 8b and an actuation voltage is sinuliganeously applied on the el ectrodes
7a, 7b. Electrostatic forces are generated within |owering actuation area

capeciai 1y, " SaeiP B8R fBed SERbo R, 4 BeChiebih TERIBE G Broe KBh bt r
non- functi ongipphéd bf thd Rl&ttrodBS 728 7B! ARRe MhaihtaHinGIRCAGLAtIGH vEIRidge & des of
each lateral pillar 3 or 3 in the longitudinal direction X and a zi ppi ng

ef fect (as t ledeatiodepBayBbukhgn ihea secanststepr aftera predistesminast ddaration for ) i s
dvant | y obtained an the | ater.al f i onal 61lb,of th
menbrane 6. . oKL 2 gurafpa corgapoviay tEabe WiENRG fae R VEE Mheded
for sw tchs ngchiMioRRBRAGE R dgshieY dntelbftrdd¥isflarsd 86€ tO the down forced

state is advantageously”lowered. |In another variant, for noving the
menbrane 6 from t héonphd vanantxfdigare 6, thecafdresaid nprodermeat mlated ta tieé r st

' . lied h | d b, Il
mai ht ai ni g GA8 TREUCHR B PLTaNEa U ghoap 62 A sascoaueenihe prieniath Beadcond
el . . | n
step, af LT qaphagiehelr MR el 9atss IR todlf i bap PO faponi ng

to the switching tine e SW no actuation vo app

el ectrodes 8detneerBleachaentrakngafursotional pait GlaeofSthet memidrane $aand the
I nprovenent related to the gap reduction is obtained wwth a gap g2 at rest
bet ween t h@¢ $YBS¥AgL 1 and each lateral non-functional part 61b that is

smal ler than the g . [ part

6la of the rrenbran?%é%ée;ga%%@ﬁfjﬁggﬁ glte@rélaa%ra&fﬁﬁed@g?rﬁgﬁ{ Fécl)lé}ggitggﬁée 5, the
af oresai d i minigkeeszntrededtiohe s tobtdined tWitls kaethickhessicéfi each slatdraiinegd with a
t hi ckness of each lateral non functional part 61b that is smaller than the

t hi ckness of fumgdionahpagl 6Hyihatuiscsmalirl thaar thesthickeess 1d the eaniiab 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
(symbolised 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 longitudinal 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,



Fi gure 6 shows anot her enbodi ment of the invention wherein the nenbrane 6
I's supported on four pillars 3,3 . The raising actuation areas 8c

(synbol i sw0 2bw/@es20ed | i nes) extend under the nmenbrane @CIEPR@bOEDUES
(length L3) of a supporting pillar 3 or 3' in the longitudinal direction X
During the swi tching novenent of the nenfrane 6 fromthe down-forced state
to the up forced state, a zipping effect is obtained in the two areas of

oy ogs sc i el HeSahdd B o5 SrBRRim 37 e SpbHTe R SBhiAg' the "
rai Sing act UghbRSMANIETTINE GnéMFENY 6 FRsh e dptfbRAd! dtaeSth Bstcwh fseed t he

menbrane on both side (length L3) of a supporting pillar 3 or 3' in the
| ongi t udi nal stiteeat kipping, edect ishebtanedr imtheatwoaareas cfrleagth7t'3 of thal i sed

by dotted lines),exte nder t.he ra n both side (len L'3) of a
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swi t chi ng noveembtanef 6 thet isrfneblyssupp6rted am pitters dbuincdrobe atsostheapractised he up

forced state, .a zippi ffect js obtained in theses |ateral non-functional
parts 61b, as ﬁ'&SMrEMges“@m%ﬁﬂ‘gf@r mﬁ@g@ﬂ%dﬁ%ﬁ?nogef Sﬁﬁ’%?@‘?wrlburi ng
the switchin the POy 0 h -far ¢ed t he
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L' 3 of the ndomgitunalytiftata ap donced istaterydusing efectritcattaation meaastanata on

areas 7c. The invention is not limted to a MEMS structures having a
menbr ane &0t Hexerieffect @ ppe o sevrabRillas. pi 1 1ars, but can be al so be

practised with any s B8P sH hEESRLA8Fndite bf FRINDERRNBRtHEN
state an e bended up

| ongitudinally into own force than can

| ongi t udi nal Ifigure® & te 12p tHeoblaer dot @ syrapoligdidng coheet biea etthedunotionatans and
a lever effect on one or several pillars. Figures 8 to 12 shows ot her
enbodi ment s ¢farkGRof theswtchmerghranek when de eensbrape ipin the dowinagtatedot C

synbol ized a_cont agh g nplut AR GPALREH A9, B bnithins ¥ IsHhsEor ane

6 when the nenbran
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 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 61b 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



In the enbodi nents of figures 8 and 9, the nmenbrane 6 forns a cantil ever
beam that is clanped at one end 6b on the substrate 1, and is supported in
t he rest woavw/toys2one pillar 3. Mre particularly, in tkreT@Eradionent of
figure 8, the contact area C of the switch nenbrane 6 is positioned between
the pillar 3 and the clanped end 6b of #Be nenbrane. The nenbrane 6
conprises two | ateral nonfunctional parts 61b. Each | at eral non-functi onal
part 61b is positi-Qned outS| de the.pillars..3.in transverse direction Y
bod extends BEBLCR Sniaeg plebiria g Aiaiin Bia BoulRR: SaFTEHUE x
There is one ghgftibhites BcExhEhdRUnRr it ndnfisrafe 6 & oﬁﬁoﬁﬂgﬁes‘r&'?ﬂlaff he
menbrane 6 and on both sides of pillar 3 (under |ateral non-functional

parts 61b) i3 (under laterat nen-fuxictidnalgartsdii b irthet Inagitustinal slirectiornXraf the e t wo
electric | oweri ng act uation areas 7c. Mdre particularly, in the enbodi nent
of figure 9, S ar 3 is positioned between the contact area C of the
swi tch m?nbrane 6 wqhéh&nﬁb@mﬁs fdigihes™0 6 TEMReARRmIBRe TR ANE. O
conprises two | ateral non-functional parts 61b. Each |ateral non-functional
part 61b is mimnpédoRdpead siawebiane that liemposiioned talover pilarse8s&’.dMoeet i on Y
and extends on both sides of pillar 3 in the |lon itu inal .directio

There is one 935\9%45"1‘ Wy t%mﬂ??%ﬁﬁrégsm?@t%mﬁg@ﬁg &‘T’ BE ﬁcollbglq{ﬂqsaai” uati on
area 8c. The S B@téit n nbr ane
6 and on bot ﬁﬁéstleﬁfeegblgp{p@d 102?1%&% 3 ,f‘g{‘egsr?écﬁénr@%ﬁm unctl ona pgﬁ §F61b) in
t he | ongi t udisuppoded echotsupbodédtﬂy&hetnbpd]aesmm t he enbodi ments of figures
10 to 12, the nenbrane 6 is a cl anped-cl anped nenbrane that is positioned
above pilllgrs 3, 3. Morre particularly, the nenbrane 6 is nmaintai ned at
bot h ends 6b, 6¢ by arns 63 that are clanped to the substrate. At rest the
menbrane 6 can be either supported or not supported by the two pillars 3,
3',CLAIM5S 1. A MEMS structure conprising a flexible nenbrane (6), which has
a main longitudinal axis (6a) defining a |ongitudinal direction (X), at

| east one pillar (3, 3'") under the flexible nenbrane (6), electric



| owering actuation nmeans (7) that are adapted to bend down the flexible
menbrane (6) into a down forced state, electric raising actuation neans (8)
t hat ar e woaptoe®sg20 bend up the flexible nmenbrane (6) i RCoO/ERROWPOF7OT Ced
state, and wherein the electric |owering actuation neans (7) or the

el ectric raising actuation neans (8) conprise an actuation area (7c or 8c),
that extends under a part of the nenbrane (6) and that is adapted to exert
pulling forces on the nmenbrane (6) simultaneously on both sides of the said
at least one pillar (3) in the longitudinal direction (X). 2 . The MEVS
structure of claim1, wherein the mengLams(6) conprises a flexible
functional part (60) that is positioned above the said at | east one pillar
(3,3 ) and that is adapted to be bended down or up by a lever effect on

id | i 3, .3 d f | | |
Sonetanct’ onal baA M%%)éf%we?@%%a"?qt 1t tle, PETRbrGR, () PR TR 2ne
pillar (3,5) i e ABRYIAACads! @S] AN a BRI GcRBH0GN 201 "

sides of said at |east ohe pi ongi t udi naI irection
(X), and wherei n tléastacne giillan(JHr 3'5)1 ey thie flaxblel evembrankeo(®)r ielectdct uat i on

means (7) or the actuation,area (8c) of the electric r I n ctuati

Toans (8) ext ends (ONGBI0 SHEHER Mesbs (ohahata ap' bieel L RePd ofsnn 38 ¢ 61)
and is adapted tog f n e ral
non-functi onal par {é&%élb'?{é@pét}%e (%(rir@r%a%ed%@ﬁ f%%ﬂeoﬁﬁ ?/tﬂgnrdbot si des
of the said at |eaztuatioa piddnsr (8)3.tRat) are adiuptédmtgx ttmidnalb the efteixibden ( X) .
3. The I\/EI\/IS structure of claim?2, wherein the nenbrane conpri ses at

least twolPateral MeBRMANE Gt dr (YR falcegastate. (m%)w*aw&tn e RIeGH¢ oned on
cach 1 0o ) "5 WRENE AR R lor e B PSPl e e =
conprising a subst@ptemphse amaetuation ahea (1 wt8c)nthbt extehds GAdercd péh@f
menbrane (6) is extended at |east at one end, in the |laongitudinal direction
(X), by a the membrane (6) and that is adapted to exert pulling forces on the
membrane (6) simultaneously on both sides of the said at least one
15 pillar (3) in the longitudinal direction (X).
2. The MEMS structure of claim 1, wherein the membrane (6) comprises
a flexible functional part (60) that is positioned above the said at least
one pillar (3,3") and that is adapted to be bended down or up by a
lever effect on said at least one pillar (3, 3’), and at least one flexible
20 lateral non-functional part (61b) that is positioned outside said at least
one pillar (3,3") in the transverse direction (Y), and that extends on
both sides of said at least one pillar (3 or 3') in the longitudinal
direction (X), and wherein the actuation area (7c) of the electric
lowering actuation means (7) or the actuation area (8c) of the electric
25 raising actuation means (8) extends under said at least one lateral
non-functional part (61b) and is adapted to exert pulling forces on the
said at least one lateral non-functional part (61b) of the membrane (6)
simultaneously on both sides of the said at least one pillar (3,3’) in the
longitudinal direction (X).
30 3. The MEMS structure of claim 2, wherein the membrane (6) comprises

at least two lateral flexible non-functional parts (61b) that are



central non-functional part (6la), wherein said central non-functional part
(6l1la) is extended in the transverse direction by at |east a | ateral

non- f unctworralo/pss2y (61b) that is positioned outside saPdTAP2010A8t70DNE
pillar (3,3") in the transverse direction (Y) and that extends on both
sides of said at least one pillar (3 or28') in the longitudinal direction
(X), and wherein the gap (gZ) at rest betmeen the substrate (1) and said

bet ween (he funct PORRPPBRAD o8y Sib A uftichAtPan WondPebiteriiald) o

The MEMS struct ur e tR@YraRS¢ereé dirb&tide(Ys. t o 4 , Wherein the functional
part (60) of the nenbrane (6) is extended at | east at one end, in the

| ongi t udi nal di4.edtheoMEMP, stoyctarec ohtclaim Boor clairot Bofurthgracempisiag ,a wher ei n
i d tral -f t 1 th t

direction by a1 euBsa 3l RBprain the tnclotalBEnE0) of teederh a”“?)

posi ti oneds out si d%xlﬁéﬂo‘édaét Ilegélsét 8he aiid! lirfkhd ﬁ)nélthdl'nal Hﬁ‘?ceas

di rection (Y) and extends on both Ssides of said ne plllar (3
or 3') in the | ongentrdi men-fusictienalipant (64p), winereinhsaid [teotrak sondtinttional at er al

A5 1 B e s B i s b 5
further comprisi ngoA.eHAMERbE () HhE RiepBsibfed WIEiLAM S G of the

menbrane (6) is exte eas onglt rection

(X), by a central pilan-(83)cini meatametse( dtta)tl,onvw’@rmmthdh&axtenustommth part
(60) of the nenbrane (qt;) I.s extended in the transverse direction at | east

by a |atet@l non- Sifest Pl aldeast anepillan gl °f§)ﬁ8§h?|6’ﬂ9§ﬁ’dﬂlﬁ|§'@ét'%l d at

| east | | tend
| cast one PLILar (%) S el hd 830 6208 et Bebycdh (st a5 o7
direction (X), an@amtat@rahnbhéumlbnégaért6\161hs)estsrba|tewahan tthee gapb(gtlyate (1)

and said | ateral non-functional par smal |l er than the gap (gl) at
rest between the desit PQMQ&BhihQJrfémt&ﬁ'al 95’&1(6Q)695)th©fm@ﬁ@rane and the

substrate (1).

15 5. The MEMS structure of any one of claims 2 to 4, wherein the
functional part (60) of the membrane (6) is extended at least at one
end, in the longitudinal direction (X), by a central non-functional part
(61a), wherein said central non-functional part (61a) is extended in
the transverse direction by at least a lateral non-functional part (61b)

20 that is positioned outside said at least one pillar (3,3") in the
transverse direction (Y) and that extends on both sides of said at least
one pillar (3 or 3’) in the longitudinal direction (X), and the thickness of
the lateral non-functional part (61b) is smaller than the thickness of
the functional part (60) of the membrane.

25 6. The MEMS structure of claim 2 or claim 3, further comprising a
substrate (1), wherein the functional part (60) of the membrane (6) is
extended at least at one end, in the longitudinal direction (X), by a
central non-functional part (61a), wherein the functional part (60) of
the membrane (6) is extended in the transverse direction at least by a

30 lateral non-functional part (61b) that is positioned outside said at least

one pillar (3,3’) in the transverse direction (Y), and that extends on



menbrane and the substrate (1). 7. The MEMS structure of claim2 or claim3
or claim6 , wherein the functional part (60) of the nenbrane (6) is

ext ended WO 20a®s82at one end, in the |ongitudinal direcPCOEPEMY/0017Y1 a
central non-functional part (6la), wherein the functional part (60) of the
menbrane (6) is extended in the transveps$e direction at |east by a |lateral
non functional part (61b) that is positioned outside said at | east one

S dee of a0 ar PRI S hsBRLA (585 6% pllay Gfr nly B M RLC: on
(), and wherei n Kyeckd pbnes wﬁewtﬂea@ oy o oRbeole SRS |

smal l er than the thickness of the cent non-functional part (6la) of the
menbrane. 8. The NBEvanhdsaidclateral non &mctlond pert (3 H)ris smaller thanathergam t he

electricloweringatutlon ans |se n_act atlo Anea c) that
extends under a pd¥ ?ﬁtebg&}‘ﬁﬁna&fég (ﬁ'of‘ gct,obna )o fei'é‘?
pulling fo %]ces on nt,é}ﬁ Fa?l'edarﬂﬁhb PS&Q@ Pﬁenbrane (6) si rrul taneousl y on both

sides of the said at east one pillar (3,3 ) in the longitudinal direction
(X), and the el &ctlhecMEMS istrgctuce @atclamn nﬂa:nsclalm)&cmrqbamsé whessin dize i on

8c), that t .d h t of h nb 6 d that i
adapted 16 exert guriiong! P o0 ShEE e (s s ot ReShantiane. (6)
both sid f rai i i nal
irection (%. 9. SPheThiGRhahaAs ARkBh (<o) cintal Aok RhciBRE batf TS:
t he nmenbr ane (6) |(61@)oswhérenedhabﬁmetlcamllmttt(fsoyvoofpthd anembfang X6} hmt are

spaced apart in the |on |tud nal directi mhereln the electric
rai sing aéf uati on m% the Fﬂ'ésvér%%tcffe& 'i%v@r i9Rpt aY LAt latafalh®RRs ( 8)

conprise, for eac'furﬁ’étfo'n %ér?(?‘%))tha ;ﬁdé‘itlb%kj%&ééﬁ{ié}aid@t I‘é'ésfS%e FI%P extends

under a part of thé ne exer
forces on the sai ¢3/39rih th?étrérh@/emmmcmn((v? andmhbtaﬂenwbn both ade@om des of

the corresponding pillar (3 or 3 ongi t ud
said at least one p|IIar (3or3)in the Iongltudlnal direction (X), and
wherein the thickness of the lateral non-functional part (61b) is
15 smaller than the thickness of the central non-functional part (61a) of
the membrane.

8. The MEMS structure of any one of claims 1 to 7, wherein the electric
lowering actuation means (7) comprise an actuation area (7c) that
extends under a part of the membrane (6) and that is adapted to exert

20 pulling forces on the said part of the membrane (6) simultaneously on
both sides of the said at least one pillar (3,3’) in the longitudinal
direction (X), and the electric raising actuation means (8) comprise an
actuation area (8c), that extends under another part of the membrane
(8) and that is adapted to exert pulling forces on the said other part of

25 the membrane (6) on both sides of the said at least one pillar (3,3’) in
the longitudinal direction (X).

9. The MEMS structure of any one of claims 1 to 8, wherein the
membrane (6) is positioned above at least two pillars (3,3’) that are
spaced apart in the longitudinal direction (X), and wherein the electric

30 raising actuation means (7) or the electric lowering actuation means

(8) comprise, for each pillar (3, 3’), an actuation area (7c or 8c) that



direction (X).

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

the nmenbrane (6) is a free nenbrane whose both ends (6b, 6c) are not

cl anped twoaomutoss2rate (1), and is supported at rest byPsair®2@v/obZast one
pillar. 11. The MEMS structure of any one of clains 1 to 9, wherein the
menbrane (6) is a cantilever nenbrane tpat is clanped at one end (6a) to a

substrate (1).

12. The MEMS structure of any one of clains 1 to 9 wherein

the menbrane (6) g&%[&g&%@&%%&%e(@ arr\cpfhtat iissacﬂp%@ ?ode)?ért bot h

ends (6b, 6c¢) to
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pulling forces on the said part of the membrane (6) simultaneously on
both sides of the corresponding pillar (3 or 3’) in the longitudinal
direction (X).

10.The MEMS structure of any one of claims 1 to 9, wherein the
membrane (6) is a free membrane whose both ends (6b, 6¢) are not
clamped to a substrate (1), and is supported at rest by said at least
one pillar.

11.The MEMS structure of any one of claims 1 to 9, wherein the
membrane (6) is a cantilever membrane that is clamped at one end
(6a) to a substrate (1).

12. The MEMS structure of any one of claims 1 to 9 wherein the
membrane (6) is clamped-clamped membrane (6) that is clamped at
both ends (6b, 6¢) to a substrate (1).



