WD 03/ 054938 PCT/ US02/ 36088 METHOD OF FABRI CATI NG M CRO- ELECTROVECHANI CAL
SW TCHES ON CMOS COWPATI BLE SUBSTRATES 5 Technical Field This invention
gener al | ywoaBas®sst o the fabrication of mcro-el ectronechaaraso2/ssss ches
(MEMS), and nore particularly, to the manufacture of MEMS which can be
integrated into current state of the art sem conductor fabrication
processes. 10 Background Art Switching operations are a fundanental part of
many el ectrical, mechanical and 15 el ectronechani cal applications. MEM

swi tches have drawn considerable interest over the last few years.
Products using MEMS technol ogy are w despread in bionedi cal, aerospace, and
conmuni ﬁéﬁtﬂ@pﬁ&'ﬁ%@ O-ﬁ'\ﬁg’FR@MEUmANiCMM@mmw
Swi t ches, rane 'sw tches, an tunabl e capacitor structures as
described, e.g., in U S (MOS'COMPBATEBLESUBSTRATESM | | an et at., No.
6,143,997 to Feng et al., No. 5,970,315 to Carley et al., and No. 5, 880,921
to Tham et al. . MEMS devices are manufactured using

m cro- el ectronechani cal techni ques and are used to control electrical
mechani cal or optical signal flows. Such devices, however, present nmany

pr abl engebipficalIbeldhel r structure and innate material properties require
themto be 25 manufactured in lines that are separate from conventiona

sem conductor processing. This is wusually due to the different materials
and processes,which .are not, c i g, Iy MGH; e

i nt egr at ed iﬁhgpgﬁ@gpagggﬁ@%ﬁﬁ%ﬁ%ﬁ%?*ﬁ%@?%@%ﬁ?gﬁﬁ%Qggﬁggﬁggﬁ?w%%9%§?8§4ggg
PCT/ USO 236998 and hRre/patiaflamipt @rthemanifigiumad i MENSewhich cahbe mapndtedinto e of
MEMS, such as gold, pose obvious integration problens for integrating

devi ces cuirewfcstdty of hean-semiqondpgspi Bbt¢asi98 Presessest he use of pol ysilicon,
mhi§h is widely found in the literature, poses problens due to the

Background Art

Switching operations are a fundamental part of many electrical, mechanical and
15 electromechanical applications. MEM switches have drawn considerable interest over the last
few years. Products using MEMS technology are widespread in biomedical, aerospace, and

communications systems.

Conventional MEMS typically utilize cantilever switches, membrane switches, and

20 tunable capacitor structures as described, e.g., in U.S. Patents No. 6,160,230 to McMillan et
al., No. 6,143,997 to Feng et al., No. 5,970,315 to Carley et al, and No. 5,880,921 to Tham
et al. . MEMS devices are manufactured using micro-electromechanical techniques and are
used to control electrical, mechanical or optical signal flows. Such devices, however, present
many problems because their structure and innate material properties require them to be

25 manufactured in lines that are separate from conventional semiconductor processing. This is
usually due to the different materials and processes which are not compatible and, therefore,

which cannot be integrated in standard semiconductor fabrication processes.



tenperature cycles and the usual segregation of front-end of the |ine

(FEQL) tools where the 5 actual sem conductor devices are fabricated and
t he back-wod3of49she |ine (BEOL) where interconnect netal ecarsops@eessed.
Typically, the two sets are not allowed to have process crossovers from

one to the other in order to prevent netallic contam nation of fhe active
devi ces. It Theusepbmatedalytipidelly ysedgn sheamppifgesimeiof SFEMSp#chEs 8RlG Rotehe

back-end, af the |ine. Most .exi st.in syf Sefl

dr awbac RO HREr PR R RS R A b e RS SERRG o U, R e B oM
provi dedsd or gUipiIRGh, Whith iBkikly RIS R litefiRIre, fd3adprobRmsHubsd thet e i s used,
of tenti mes bonded together, with correspondi ng i nherent di sadvant ag

S.
Ot her exémparatyre eyclen and the usnalysegregationeof Sipnt-end plthe ipadifOk) feglsai'h%glet op of

the structure, .15 kKing.it unljkely. t i nteqratd.on. j.eved at
al I° | evéfiya S&E“W“fi}q&%g%@%eé A HEa de?‘"ﬁgtil? @&-&Hﬁf’ﬁ%‘lﬁ%@@iggﬁ )i%?\ﬁ\yéﬁti on.
Accor di Rgl¥ontdde hRtdlSard pRRRsseiom %cﬂ[y? fRISvolBftaré oot €o hiveprostssli ng
MEMS devi ces using established é OL materials coupled to processing that

can be fordssgverntfegn anet the otheain order tolpseventimpiallissoataminitiopsh et e ed
either in conjunction wt r. as an add-opn nmodul e at | onal BECL
or int erdé"‘éﬁlf‘iﬁ"ﬁaclttj 3 t@eféf%'{.e up]ﬂcegrr@espe pglyagfqp epB%‘ﬁ?%‘?‘ thngéé}é?nan(gﬁﬁgﬂ% t he

present invention, a conventional MEM switch will now be described with
reference to Fig. 1, which shows a cross-section view of a 25 MEM switch
havo ng both eMist efistnggebdcassesishertfozme betovstdoawbnck in thabbreting staudardhe

| owest | evel consists of,a dielectric nmaferjal tainin ive
el ement én‘?‘;‘hzﬂﬁf’namnﬁa%la@ﬂr_lﬁHTPVId tolﬁ?@ff%@ﬁé%%ﬂgﬁpolr?vf% ngog(ré]glga%;{) %tgr form
the varig Fs;tragé gﬁ%é%%@ﬂen@x‘ﬂést bAAEd Wgelthe wWiayidifospditing REEMUiQLSart&desr enced

by nunera a are used to provide an operating potential that
causes the beamto deform Conductor 3, which conducts a signal, is in turn

connected to the 30, beamwhen it is.in aperation.,.?2 03/ 054938
PCT/ US02/ 36088therexstingdpelipiugs iy REvids %ﬁ’g’fngtcﬁgﬂ’élgﬁég‘fﬁeg?l’ 81{»1 *RERFHES i ce
of .Fig. .l n. .VRI i i P o
R L
in the present invention.

Accordingly, there is a need for a process that is capable of providing MEMS devices
using established BEOL materials coupled to processing that can be fully integrated so that
20 these devices can be manufactured either in conjunction with or as an add-on module to the

conventional BEOL or interconnect levels.

In order to gain a better understanding of the present invention, a conventional MEM
switch will now be described with reference to Fig. 1, which shows a cross-section view of a
25 MEM switch having both ends of a deformable beam 1 anchored in dielectric 4. The lowest
level consists of a dielectric material 5 containing conductive elements 2, 2a, and 3 which will
be used subsequently to connect or form the various electrical portions of the device. The
conductors referenced by numerals 2 and 2a are used to provide an operating potential that
causes the beam to deform. Conductor 3, which conducts a signal, is in turn connected to the

30 beam when it is in operation.



the surrounding material is etched away | eaving a raised structure, i.e.,

t he beam suspended above the conductors that were previously forned or
whi ch, theoselosm3ss are made of 5 polysilicon. Then the devcraSoy3i®sebj ect ed
to electroless plating, usually of gold, that adheres to the polysilicon
formng the conductive elenents 1, 2, 2a and 3. The switch is operated by
provi di ng a Pigt2shaves a planar giesnefthp same pior aieMEd dewige oblige L+ ﬁu%gypzca nd 2a.

Thi s vol t age ener at.es el I i i i.Gh: pul.l a in

Cont avs mneHer R T SRETR FaET SRGLRS RSIE6h oftt Ylellict e SHORTRd |1

these agf @blouhdiRs aRtdil sthdRd ashy Watiup aaibavitgnie | ial,gbe bapogrspatded when

conpared to conventional sem conductor devices. This in itself 0Eﬂkes t hem
a

vi rtual abOVﬁi the oetrdustass thet werepyenpesly farmed e whsh; hemarlvesoreddids Habri cati on
Peonn qBeSSTy nHenRE A8Vish s RG AL A onk el JOAH G 481 i ARG ON O

substragg, p%ymiboﬁ%ﬁhhg Habondiive BRMeABND L] Dardl POTh switadfis bperaedibgt r at e
under the device fromthe backside of the substrate, agal n precluding

i nt egr apraviding & ipotntialdhifferencedretwesndbe beam prdodestendag? am gar Ehig vpltagest rates a

cross-section view of another. ver.si.on a_caonvent i.on. i tch,
wher ei n S8RT§tes AR lepFoBING Higagion which %u@ﬁ?gﬂgﬁéﬁ c%%ﬁ%ﬁlﬁ{ %Ig&_ Eﬁdgl%g(t: ric 4. Al
t he ot h%fosilggqﬁé Swigf formas described in Fig. 1. The sanme applies with

g, 4,

regard to illustrating a top-down view of the correspondi ng device
iliustrated in Fig. 3. In the latter case, the switch 1is operated by

lyi | tage bet 1 and.cqntrol. el ectrqde. 2. Thi th
beam o be. paMEHoNge febTEsEEl MR Hi s TyRardPeoE Aduas AR ho
vol tage %@p%gﬁ%ﬁwo c8§véi&ﬁalga1 tjs,%rhﬁghﬁda&rtdavicess PHié B ifSRIf ke the@virtdayi cal |y,

t he gap ween the beam an e control electrode substantially determ nes
t he vol timgessibiets inggdratoinpette sdmivontinsobeimfablitasion| procesait These dewessiases

devi havi : i ng. f 1 | i . Th
o o a9l ot S it Ao serrom B T Rl R
fors ”Dsgé%gg&yg%@ aaSHBétf#%itslsl&?? sfill%%ﬂoe[&decﬁel%ﬁﬂ \oﬁfg'a%br_tw@bfﬁm%mma{ef om

ar ound olts. ar too high for applications like cell
the device from the backside of the substrate, again precluding integration with standard

semiconductor processing.

Figure 3 illustrates a cross-section view of another version of a conventional MEM
20 switch, wherein only one end of the beam 1 is anchored within the dielectric 4. All the other
parts perform as described in Fig. 1. The same applies with regard to Fig. 4, illustrating a
top-down view of the corresponding device illustrated in Fig. 3. In the latter case, the switch
is operated by applying a voltage b‘etween beam 1 and control electrode 2. This causes the
beam to be pulled down into contact with the signal electrode 3. When the voltage is dropped,

25 beam 1 returns to its original position.

Typically, the gap between the beam and the control electrode substantially determines
the voltage required to pull down the beam. Most literature describes devices having gaps
ranging from 1 to several micrometers. These gaps are large and the voltage required is

30 therefore higher than would be desired for most consumer applications. Reported activation
voltages range from around 30 to 75 volts. This is far too high for applications like cell

phones which typically operate between 3 to 5 volts. The structure of the present invention

3



phones which typically operate between 3 to 5 volts. The structure of the
present invention 3 WD 03/054938 PCT/ US02/ 36088 operates with gaps rangi ng
from 200 wogstsoas t o several thousand angstrons, produci RGT/S02/36@RES

havi ng an activation voltage below 5 volts. The aforenentioned illustrative

switch configurations are o% sonme of many possible 5 structures which
are knowperaies Wi gaps ranging feongP9 Angsoms go sevsral Kowsand; angreameyeRogydes pe

configured . in,an arrangenent of multipl eans wired in a variety of
conbi naf‘fvgﬂée.s hayipg py oaﬁa}’%ﬁ’é‘fw%%en%erléwgo‘%(lztg'r nin MEMS devices. Stiction is
defined as two or nore surface nmaking contact that will not rel ease
W t hout causi ng sone damage to the device, 10 Inpingenent is a majQr. cause

of this phendirenforemensioneddstrativiesntch spnfisyertioss ate qnly somepigpanyRAssblgt

| egst one enbodi ment rovidi ng.an ai . | .S cl osed,
asaS wi | FTBUTER SYhich 4te gé?‘gfl [ RF £H- rlglls Ogﬁlcrg’%ﬁg%%?é\m%iﬂgﬁ?%a%gﬁ? E%si onis

al so belhgygtled th BarrApRIRAY of TRIIAHle GRMABEWREd Bl d driefnof chirbinatisd. ai ns why the
present invention utilizes dry etches and processes for the rel ease of the

novi ng parts and subsequent processing. 15 Accordingly, it is an object of

the invention, to build .MEM swi t che t her st ml jch are
fully integr atEHOMSO PRMBRHEOnCCR; IBWO eVisP tl\?/g?%(}esﬁi E‘? ? &it“zg gﬁrgpﬁer
obj ect gﬁrf%r}ﬂﬁléﬂé SErRadVEM: SOl b6 RR Wit @fusigionir dafifagel€d thecleviskt h a 20

nmodi fi ed damascene process. It is a further object to build MEM swi tches
anth ot hdmpgigeinkwatris 8 trajartcansesofithis pheriompna.c Fhp eresermi drysstiomeddiesses thisparr i er

material t rotect the tal. 25 It is yet.ang r ,object f@. hat
he. encAERIPRT Srictss G embiH BgRabaOFis sk e 20t rae il iEHRHE &
compat i jli§ pWishbws Hedktall WitR &eence}d Fig O A0 34 RRAE Bhsidhr1d MRDBERGEED be

another major cause of stiction. That explains why the present invention utilizes dry etches

and processes for the release of the moving parts and subsequent processing.

15
Accordingly, it is an object of the invention to build MEM switches and other similar
structures which are fully integrated within CMOS , bipolar or BiICMOS wafers.
It is another object to manufacture MEM switches and other similar structures with a
20 modified damascene process.
It is a further object to build MEM switches and other similar structures utilizing
copper encapsulated in a barrier material to protect the metal.
25 It is yet another object to ensure that the encapsulation can be integrated into BEOL
copper at a temperature compatible with such a process.
30



Di scl osure of Invention These and ot her objects are addressed by the
present invention by providing a nmethod of fabricating MEMS sw tches

i nt egr at edowsbH9sONvent i onal sem conductor interconnect | @gahEsp2/3@stsi ng
conpati bl e processes and materials. The invention described herein provides
a nethod of fabricating a capacitive switch adaptable to produce various
conf i gulisdlesmze gElnyentioncont act switching and/or netal -dielectric- netal
switches. 10 In a preferred enbodi nent, the process starts with a copper
damascene i nterconnect |ayer made of netal conductors inlaid within a

di el ectric. AlpesdndRhdr dMitetOdre bireGeP PR the ridet! BOAMGALY proedihgaasaksi to a
degree sufficient to provide a capacitive air gap when the swtch_is

cl osed afifhbriaaiig MEMS bwitcltes integyeted avith copuensiond semicondicien ipteeconages devels,

Ta/ TaN, if so 15.qesi red. grﬂie rret.al structures that are defined within the
ar ex spdSinBiCAEPRYPIE REPCETEE MM WRCIYS  actuator el ectrodes to pull down a
noveabl e conductive beam providing one or nore paths for the swtching
signals to traverse. The advantage of such air gap is that the dielectric
(air) is not Theuiyjeatibn escabed hreintporadss aanethcbdapigﬁa&iﬁattihata capasiize splichabi | ity
and voltage drift problems. 20, The, prese i nventign .can be enbodi ed using
any nuntséeptable gp pradues yariqus capfigurations Hﬁqﬁi%&gorg?‘it i 8&“%8 e or silicon

nitride, &Lll-digg%tng @gtfap&yit@]gy_ant ageously be placed between the | ower

el ect rodes. an ornmabl e beam of the capacitive switch. It is worth
notd ng that instead of recessing the electrodes to provide a gap, one may
25 just add dielectric around and/or on the el ectrode, A secor%d dielectric

layer is therdn@dpeisiredambedimenis thesapeess siars MHALOPBET qaMaseRls SN het ween
the | O\ch{%e?lgxfégk (rgg Rl 0uhsEs Hﬁ’a\fc?%lhﬁea H88Mic Vi ABodfdtibieorftRE %Egﬁi)eﬁ hr ough

t he seco ric layer to prov connections between t

af or enentiepidedi®ielredestcdrto ankegese shifigient wnmotide a kapdcitive taerl gab awhen thehi ch

i ncludes the novable beam The |ayer containing the vjas i t,f .patterned
and et chedtchds glpssdiand, additinmally, taprouides WpaceorProsgCHYe lap{gr ‘Pfg(/% ﬁ\EC‘FF‘?/ati on

el ectrodes. | ' ] ' Lified b el daekabid 4d ed
i I8 sackrr i 1 e hibeiely 8Py RRRRE IR PR dhetified bR ARG 2 &S
sem condiegia®sr electrodes to pull down a moveable conductive beam providing one or more paths for

the switching signals to traverse. The advantage of such air gap is that the dielectric (air) is not

subject to charge storage or trapping that causes reliability and voltage drift problems.

20 The present invention can be embodied using any number of dielectric materials, such
as silicon dioxide or silicon nitride, all of which may advantageously be placed between the

lower electrodes and the deformable beam of the capacitive switch.

It is worth noting that instead of recessing the electrodes to provide a gap, one may
25 just add dielectric around and/or on the electrode. A second dielectric layer is then deposited
to the desired thickness of the gap formed between the lower electrodes and the moveable
beam. Vias are the formed through the second dielectric layer to provide connections between
the aforementioned metal interconnect layer and the next metal layer which includes the
movable beam. The layer containing the vias is then patterned and etched to provide a cavity
30 area which contains the lower activation electrodes as well as the signal paths. The cavity is
then back-filled with sacrificial release material, preferably SiLK, which is a semiconductor

dielectric in the form of a polymer resin consisting of gamma-butyrolactone, B-staged

5



dielectric in the formof a polyner resin consisting of

gamma- but yr ol act one, B-staged 5 WO 03/ 054938 PCT/ US02/ 36088 pol yner and
mesi tyl erw0 03h5493% el ease material is then nade substanti alPICI/ysozs@8ss
preferably, by way of chem cal -nechanical polish (CW) to align it with
the top of the dielectric. It is also possible to planarize the release
mat er i alpolyyner end mesityhenet Hhissrgleasamatkriallinthenmade selstantiallieplpnas, prefeeabla by y

[ t.h i | ar.it i.St. i nQ: . rel
Mt er: At RontRRa-RpRR Eirh (HRT b HERT Y dp L P flsR! IR
the di el ¢o pRniMYethe FdMQisE Miickivl bNRSmhSEBEb salfdi HasRiiRativiR Bised ) defiae

surface upon which the beam | ayer can be constructed. The |ayer containing
t he novahe eavispamaiusingithe bpposite polatityr pliokeresigiand slean stehjrg thewrglpase aatsrialsed f or

t he_fabrj cat,i on of standard evices. The bea LUCE ur efer

ext &nds 01 g’eﬁ’é’ﬂ’{e‘i soldrf © g‘?’ makedh IS‘éifsgar”S}//‘?ﬁya%or'Blggart%@ @gﬁ\sfiigetl%?%cr %‘g”lgéhe){/h?c? i 51%

def i ned,w/UsHndd) athid\PRRideh 8 phiftht GRfakS updrwRIRE bRt be@fh layer cid By tiRGutioe.
desired electrical connections. It should al so be noted that holes may be

incorporated into the noveabl e beam These holes are initially filled with

of Cdi ol ect ri e sovAB s mosRaE bRl SaERR 40 slier b EaR ot BIG" °o°
access ted R thetblidtondlf stRESHI @O R ced. "EndRAM ARk urd prefdiiisly erfefliis)g t he

rel ease process. Next, the pattern of the cavity area or sone subset of the
patlo er n pastiadlgfor cenipkeialy, tacmsslitel cagity area peaveruskyldeingd; suahdhaigvhdndhe swiieh is

Lo he inaBrEHIOh I provEas tha ki alpcimicy commections ot Mo 3% bR bRtk i RE o °
can be Hﬁmézﬁgccg}pgtéd%wme n%%ﬁﬁ@fg@ﬂn.oﬂﬁﬁe & eﬁé‘iﬂri]ttiéﬂ]y%‘ﬂl@@v@itﬁ th®¥amd ul | 'y

functi ona Description of the Draw ngs The foregoi ng and ot her

obj ect s, dielsgsic timt abrna dvalayagestanfing the beae Thessrareds|of distectrest wighin thxebeam
understood fromthe follow hg detail ed description of. eferred
enbodi meAte thep efehed OHY knprogide Bt areRIeiiedat C{aﬁ@a'%‘@g‘ffg%ﬁbﬁe@m&% ngs,
I uhi chg Fl88no the 308as? prERRE NLUEIY pRRAY & 1 SRy aka bk 0ARL sisEVbARE 2
t op- down” vi’ew &en
pattern is defined and the dielectric material surrounding the beam is removed, including areas
through the holes in the beam, providing access to the underlying release material. At this
point the released material can be removed. The switch, suspended over the cavity area is now
fully functional.

20

Brief Description of the Drawings

The foregoing and other objects, aspects and advantages of the invention will be better
25 understood from the following detailed description of a preferred embodiment of the invention

with reference to the accompanying drawings, in which:

Figs. 1 and 2 respectively show a cross-sectional view and a top-down view seen
along the length of the beam of a prior art MEM switch, wherein both ends of the beam are

30 anchored;



along the length of the beamof a prior art MEM sw tch, wherein both ends
of the beamare 30 anchored; 6 WO 03/054938 PCT/ US02/ 36088 Figs. 3 and 4
respecti vwbDy3sh988 a cross-sectional and a top-down vi ew offcarnsotradss ype of
a prior art MEMswitch wherein only one end of the beamis anchored; Figs.
5 and 6 are, respectively, a cross-sectional view and top-down view of a
MEM 5 swi t cHigsabaid4tresgeitivelyshowdamess-sartianat ans poiopsdaven Yiay oh aneiher txpe h

both ends of the m .anchored; .Figs, 7 d 0 ectively

cr oss- s&tt PUpAT %(ﬁag\%ts t-CBB%‘?re\W ol og?’ end ‘R%E/F Eﬂg\nan?ghawcﬁcggé{i cated in
accordance with the present invention, wherein only one end of the beamis
10 anchored; Figs. 9-19 illustrate the series of steps required to

fabricate thEigvEVBdi6aie egspeativelyce orodarsestional vievpansk toprdsavneview @f ADAEMbf t he

invention; 15 Fig. (19A shows th onpl et ed M swi tC [ to the

i nvent i §wtch %ah”tcgteé I%%%Ctﬂ’r&ﬁﬁgf"’t‘tﬁéﬁ‘? &%F%}i !HV??}(F%W%E’\?/H%%H%EI%? Eah(r%nﬂaé @ process

flow prglxédhg%ﬁg%da fully encapsul ated version of the 20 MEM swi tch of the
en

preferre iment. Figs. 26 and 27 illustrate an alternative process of
maki ng the cavity and vias dielectric layer entirely out of the rel ease

material. 25_Best de f Ca I CQut the, | t] Th i .
ebod rent -t Ei6nG 8 o e PaC RN BBV EIPTERAH GO Re! LG SPirch
Cnt B ) : .
'ng?ggﬁgaﬁ)gltc%‘@& grh?cﬁﬂ'%g%?vgg%%ﬁes]éﬁ't RRbATon, BIHMEP ol dabRAd of ARTHRAM is

10 anchored;

Figs. 9-19 illustrate the series of steps required to fabricate the MEMS device, in

accordance to a preferred embodiment of the invention,

15 Fig. 19A shows the completed MEM switch, according to the invention, in its closed

position.

Figs. 20-25 show an alternate process flow providing a fully encapsulated version of

the
20 MEM switch of the preferred embodiment.

Figs. 26 and 27 illustrate an alternative process of making the cavity and vias dielectric

layer entirely out of the release material.

25
Best Mode for Carrying Out the Invention
The primary embodiment teaches building a MEMS device in a way that may be fully
integrated into a standard CMOS, bipolar, BICMOS or other common semiconductor chip
30 process.



WO 03/ 054938 PCT/ US02/36088 Fig. 5 illustrates the initial structure,

i.e., a copper damascene interconnect |layer. Underlying this, may be pl aced
devi ces swolims49BETs, NPN transi stors or HBTs ( Hetero-j umctriusa2/Biopol ar
Transi stors), resistors, etc., on a silicon substrate or, alternatively, on
5 a lowloss substrate, preferably made of Si02. It consists of copper
wiring 30, 4@1&ﬁdllwat®ﬁgwa@bswthm% alcepper idempsppre inpgyconsedrlayesbl v nade

of Si02;.The . a refarenc . andi ng net al
For vt al ol i, oty Yo Yo B B EPd PPLERSRNE of MAS T NE 07
nuner al (HQtefd){]LﬁﬁBtiéthip@Tdr dRafisterk), eaitdrelete] &4 kiliekabsubatigte BB atbrnafively, on

represents the signal electrode. The thickness of the netal is typically
on the order of 3000 to 5000 10 Angstronms, but it is not limted to this

range. The heam 160. for wi_t hi hel rkc | (.15 i anchor ed
ot Dot h “deS R RER G RF OEP A B 107 R G, e BB AT D AR Gver
cavity kzBedd@svitiif- didi@dvic a9kt 20, prert@blyindielo? SIDQ. THe arédvefdraies by hamerab0 of
the copper wiring 30, 40 and 50 is showmn 15 to be recessed to mnimn ze

sti cti oR0 rppresentsaibe yandingwastaldbr wiandto embddded in dielaefric byret 0Greliesmetak

suitable.. The extent of e recess depends, upgn .the final st

desi rgd.refFan e yp’?lg?eér?lr éé ?org}ﬁg%?%%' ?I,p oraC%rf)PéfcctﬁO(%%naéll sl?'?t%gslbgg f)rggegﬁtﬁ ute
sol ut i oRhOiig@e BlebGodes Mhe ANCkIRYSSOEE eR Isyhilflyl ch the BARE of BooousesdooThe
copper is preferably etched to a depth of about 800 Angstrons. 20 Fig. 6

shithvs a Angstrawsnbuti ibiy not limited tENS rdags. cEhe hepmstoOa tfeanedrwithip dieBctrige layer 60,
d ) th [ 120, | h hav] | | i f hol 75

o on wirP B Shot aprfoied s hoRene” gl St iheien® dhsBond o Boe ot

(Figs. %Vé?éa-vit?h@_@‘%sé@qiigsl%').e useful to facilitate the renoval of the

sacrificial material when constructing the cavity 120. 25 Fig. 7 shows a

cross-section view of another type of MEMS device, wherein only one end of
the switch is, anchored. As in Fig. 5. copper, wring .30 0, an 0. are
formed in di%ﬁé@?@i“&g fo %'riZté‘,e t&m%ﬁgg&ogé‘efﬁp% r‘fl%r?’ﬁeﬁ??“ﬁwz)llélasé%‘?’?i c

| ayer 1 IS @b ' | ve
RIS o e BB i BB i B A b b Suty Al e

vi ew of stuitgblé¢/EBhdlextemenf disecess edkpendshipon the fim) stiructunei debiretn Wrethb Ipeefbiredn 160

bei ng provided with hol es 175. D o
9P embodiment, a wet etch consist51ng of a dilute solution of acetic acid and hydrogen peroxide is

generally used. The copper is preferably etched to a depth of about 800 Angstroms.

20 Fig. 6 shows a top-down view of the MEMS device illustrated in Fig. 5. Beam 160,
suspended over the cavity 120, is shown having a plurality of holes 175 which will be
described in more detail during the process description (Figs. 9-19). These holes are useful to

facilitate the removal of the sacrificial material when constructing the cavity 120.

25 Fig. 7 shows a cross-section view of another type of MEMS device, wherein only one
end of the switch is anchored. As in Fig. 5, copper wiring 30, 40 and 50 are formed in
dielectric layer 20, whereas vias 110 are formed in dielectric layer 100. Beam 160 is

unattached at one end, allowing it to freely move in a vertical motion over cavity 120.

30 Fig. 8 is a corresponding top-down view of the MES device described in Fig. 7, again

with moveable beam 160 being provided with holes 175.



8 WD 03/054938 PCT/ US02/ 36088 The process used to construct the MEM
swtches illustrated in Figs 5-6 and 7-8 will now be described in detail.
Ref erri ngwDm3l54938 9, there i s shown the copper wiring 30, peG/UuSazisho89 f or med
in5 dielectric |ayer 20, wherein the top surface of the wiring is

substantlall planar with respect to the.t urface lecitric.layer
20. Next, andDRiPEoFepaised &peenstiyctthg MEM. S“f“l‘?ggstl pstiafgdrig é%sg‘bg 6?3 % “(Ahllr. ng

is sho espect to the top layer of dielectric |ayer 20.

One nerﬂgﬁq%ggggg?ggggﬁﬁﬁthe metal is by 10 way of a wet etch which is

efficacious for that netal for the tinme required to achieve the desired

depth. For instance, in the preferred enbodipent, a SO|UtIPn consi sting of
0

wat er, acet i &ef crEingitolig. Hythersdevhopmrtbs perper winng 30: 40, and 30 fogped @ 1 |

r espect i lHne

| o5eCt ot AP ph A oo WL e By b O B0,
deposMgd:tbp saﬂ‘g@p;'ﬂdlaé@rlémgerzmpper to protect it for the subsequent
processing. The preferred enbodi nent incorporates a |ayer 100 Angstrons
thick of Ta followed by 400 Angstroms of TaN. Alternatlvely, the barrier

mat eri al can 0 | e bl e
netallic Pfﬁxg aé‘g g;arﬁfe encfg % % hr%tgé (Salg&u C? %fo l?r em)V| ?‘rt?%brg(?éré:s‘%af
fromt h%ﬂhﬂﬁ §FIPet thé %5 ?ﬁ‘ dl'fdleléi‘}tﬁd Kgdrrioc (ﬁ&m&hb@fdr&e&eﬁﬁg fheGrdtllis Bed by
a chem cal - mschanl cal he barrier material 75 is now | eft

onl§ i nwm@fmsaw clewﬁicsmyeﬁirﬁbat@wal;f%@eélglerfﬁqweqdda@clyevmthm t he

dielectrjic nmust be tak ni sl on of lectpic |f
one is & Wé oams C it eré%ﬂ)e 13%{“ n? f‘ﬁ'én%twcfnéﬁ 1?%09 %SF(?%

the ma&ﬁ%@?&dﬂo@eﬁ Péﬂé‘xﬂ%@' altetrbqscﬂﬂrahh of IO Pash S ivelpPAIplidl Edrexcs miirint&d down

to the barrier 75w be about 200 Angstrons. This can be custom zed in

or der t acliovena depthf 610 tgHOOfANEstroms.capaci ti ve switch. 30 Anot her net hod of
encapsul ating the conductors is to pattern the blanket barrier 70

15 Referring now to Fig. 11, a layer of barrier material 70 is deposited to encapsulate the
copper to protect it for the subsequent processing. The preferred embodiment incorporates a
layer 100 Angstroms thick of Ta followed by 400 Angstroms of TaN. Alternatively, the
barrier material can also be made of dielectric or of any number of other suitable metallic
barriers.

20

Fig. 12 shows the result of removing the barrier 70 from the uppermost surface of
dielectric 80. This is best accomplished by a chemical-mechanical polish (CMP). The barrier
material 75 is now left only in the recessed areas. Since the CMP process may erode some of
the dielectric 20, care must be taken to minimize erosion of the dielectric if one is to maintain a

25 suitable gap 200 when the switch is closed. When the CMP process is completed, the

depth from the upper dielectric 80 down to the barrier 75 will be about 200 Angstroms. This

. can be customized in order to form the final gap for the capacitive switch.

30 Another method of encapsulating the conductors is to pattern the blanket barrier 70
with the same mask that defined the conductors, but with an opposite polarity photoresist, and

etching the barrier layer from the uppermost surface.
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with the sane nmask that defined the conductors, but with an opposite
polarity photoresist, and etching the barrier |layer fromthe uppernost
surface. WOW®08B89H54938 PCT/ US02/ 36088 1In a variation toPCraSpz/adoss r ed
enbodi ment, and referring to any of Figs. 5 through 8, one may nodify the
recess and/or the depositions to achieve a planar or even a rai sed netal
contact to fabricate a netal-to-netal contact switch or a

metal -i nsul ator-petal .swtch . 5 ,lach, one
oy encapsul 1 & PoRdRdle Gpred shiBpeinf B8 crie WEH ofRE BbecplhRl " <
subst anbh@inay mdep e Wcésd abld/et @Ré Bépositidndlo KURRe &lplaghi dyevenh sgiskdaherdk t hat
surface. In "this configuration, when the swtch is closed, a_direct

met al - t comtectab fdwivatect mptel-tosmatel castiet switeh ot metal-insalatasiraeiel waehsdn B89 beam
16Q. Simlarly, .the | ower. el ectrodes ca n ' i ric
mater i aFf‘se&f@f%‘?‘tﬁlbqoﬁjfacgﬁ@tﬁ’aW%513% eﬁﬁagﬁuq%f?g}feegﬁ'r%?glg%tgé@& g’r\%g,b&li?%l os(rﬁldg(fat o 10
const r UgdyvePthiET 8hbstdrsidilppiaharWtadiels Wit 20 .or Ehérbsligaie fatdet abaveoihpasirfate/ €ln
switch simlar to the ‘preferred air gaﬁ) switch w thout the advantages of

t he reddliedonfigntation, whemtheRwiteh isi dhepedavdirest metpl-ta-metal gentaetds estahbiskad anot her

dielectric | 100 i i thin . whi ch vi ' '
ot andar Feyesn SErHPetiedn ) Ab ber a0 SRC Ll BefEceh R efiEineiBulig,
depends v, aia@ctﬁe%:térﬁdqi, ﬁﬂ%ﬁéﬁ?ﬁ RehWERE 2 tgh HielBricRbasthitodagdand the upper

beam to be forned |ater. e preferred enbodi nent, dielectric 100 is
abbut 1@0fstATys nretatsnsuididrelnetal fveitch] Ihissgeneratastacgapeditivestvdtebgimitar 1o B¢ and

pl anari zed, ac¢cardi ng tq standard damasce r,0Ccessi 20 Fig. 14 shows
the for Wé&?@?\‘f@)‘f g%%\g/‘f"?‘a’ ‘Y‘i@“’ggllﬂn%g'a S Ogﬁlé%%fwg:e ft%{.;‘% & cavity is
fabricated using conventional photolithography and reactive-ion-etching

(RIE). Care nust be taken to ensure that the original structure of the
| ower el ect r AaTiAf nbw tpifés dBy ehk additéon, ofemether diglectriadayet A0 isshawh srgin p

bet ween the lower dielectrjc surface 80.and {he reges net .75 .i.s not
al t er ed. Whitf} @iag @Fi&rﬁﬁ%@i%‘ng§t%6?r%d’? PEesHas tﬁﬁf’l‘@ﬂu?oﬁg{eiﬁg@eﬁ@i JiglSotric
mejal - t gz et q FRledlthe/ Bie ORGtr&es e YRR e
Fi 553 15%%?&2{) rda%?%@t@hgkerqhg%%@cgl 'Ebeer applying a sgcreisf icial materi al
130, suab bagoriddHater. In the preferred embodiment, dielectric 100 is about 1000 Angstroms

thick. Vias 110 are patterned, etched, filled and planarized according to standard damascene

processing.

20 Fig. 14 shows the formation of cavity 120 etched in dielectric 100. This cavity is
fabricated using conventional photolithography and reactive-ion-etching (RIE). Care must be
taken to ensure that the original structure of the lower electrodes 90 is preserved, i.e., ensuring
that the relationship between the lower dielectric surface 80 and the recessed metal 75 is not
altered. This relationship is not critical when constructing the metal-to-metal or

25 metal-insulator- metal versions of the MEMS device.

Fig. 15 illustrates the structure after applying a sacrificial material 130, such as SiLK or
DLC. [Note: SiLK is a semiconductor dielectric manufactured by Dow Chemical Corp. This
material includes various formulations of the product, known also under the name of Porous
30 SiLK. It is a polymer resin comprised of gamma-butyrolactone, B-staged polymer and

mesitylene. Another material which is preferentially used is the aforementioned DLC, a
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DLC. [Note: SiLK is a sem conductor dielectric manufactured by Dow Chem cal
Corp. This material includes various formulations of the product, known
al so undewotoh®s4vasre of Porous 30 SiLK It is a polyner resirrusonsss sed of
gamma- but yrol act one, B-staged pol yner and nesityl ene. Another materi al
which is preferentially used is the aforenmentioned DLC, a, 10 WO 03/ 054938
PCT/ US0 213608 dike ¢arhonmahich keancanaspious\iaibon cpataiingenabing yders pprpportion

cont ai ni a goatin erein..a proportion ' ded in
SO0t o 1 theckaf a0t e R i Sk, bR MON -SEOE, iR OC
Q her O%Q?Fi&di%bﬁ&i OfnSr biphic Mkert@al £e 6dpabRi dTBeghalatizedliniasirailai m | ar
manner w be descri bed. "D anmond-11i ke carbon is produced when carbon is

deposi t ethnuerdwill s desaibgdt Diathonblikecsasiom is presucedswhen epreeiuis deppsifed vederni gh
t t d | nd td f th d
hs B amsherEciieaBbargmaRt, 1 b e aenenBlrRar Bt SR AR R 00
vapor Sﬂgyﬁ&%rﬁ&‘?f}f e%%}l%q;[ﬁ'fto%ﬂﬂ% Hia@idnd STIIRE Botlitidhs Ge¢ SttRined @i Ni ng

gas, as acetyl ene, i's introduced to provide the energetic carbon
ions. Tese asssted thdnsical aapdredepesibure(PAGViay Thé depopigion ipdensratiesasorur e | f

th ' .oxidi zable 10 materi.al that A th ' ]
o1 I 2 SPEISHRRASA R 7 OSSO ey 1 or g 5 e BPofRor gani
mater | alTheEé-'ﬁ“theﬁ?ls ah %ﬂggehl%gt\%@%f y _le{sﬁﬁ%‘!(ﬁbsu'ri iflttﬁerbﬂs éSeddizabldese

gas mxtures w be recogni zable to practitioners skilled in the art of
reagt i veamiterial eliat s exposak Ithsre i reositizatde materiabthii will beyexpbsadahiripgdha o an
extent where it is substantjally aligned with respect to th per, surface
of di el gempva of ths organi¢ maggsish, (Hsn M@éﬁ@%ﬁm ﬂ?@s’inﬁ\?%fﬂ?‘fai ﬁ?“’ i’ﬁ&%ﬁfi in Fig.
16, the .gntire di el ' g LS @l Liah- A
such as SEKERRREER il G ispiElaanld e lBRE SO RYSAT ST RRLEIL LA
cavity }RBcdssReTié grichiress fiselytphmarizedao anarieat where dtnis bebstiatfiblhelighed with as
will be shown in Figs. 26 and _27. The edges of the cavity are defined by
t he | at eiespect ntbo appestsupipce ofediolettdead@.mat erial . The material is rel eased by
exggsi ng it to an oxygen or hydrogen plasma which deconposes the material.
Addartional details may be found in the paper "Erosion of

In another embodiment of the invention, shown in Fig. 16, the entire dielectric layer

100 is formed of release material 100A, such as SiLK. This allows eliminating the steps of
forming the bottom cavity 120 (see Fig 14) since the area evacuated can be defined later, as
will be shown in Figs. 26 and 27. The edges of the cavity are defined by the lateral removal of
20 the release material. The material is released by exposing it to an oxygen or hydrogen plasma
which decomposes the material. Additional details may be found in the paper “Erosion of
diamond films and graphite in oxygen plasma” by A. Joshi and R. Nimmagadda, published in
the Journal of Materials Research., Vol. 6, No. 7, p. 1484, 1996, by the Materials Research

Society.
25
Fig 17 illustrates the formation of the level reserved for beam 160. To this end, it may
be useful to refer back to Figs. 5-8 for better understanding the structure. At the beam level,
dielectric material 150 is again deposited. The metal beam 160 is preferably fabricated within
dielectric 150. The beam may be fixed at both ends, as shown in Figs. 5-6, or at one end as
30 illustrated with reference to Figs. 7-8. As previously mentioned, the beam may be provided

with holes 175 which are useful to subsequently facilitate the removal of the sacrificial
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di anond filns and graphite in oxygen plasma" by A Joshi and R N nmagadda,
published in the Journal of Materials Research., Vol. 6, No. 7, p. 1484,
1996, by wbeshbtiesi al s Research Society. 25 Fig 17 il | ustcatese2/sdoes
formati on of the |evel reserved for beam 160. To this end, it may be
useful to refer back to Figs. 5-8 for better understanding the structure. .
At the masterialebe beangimay else be enerpswpted ps desgribe epgliar wihagBEsnce to Fige net al

beam 16Q.i s prefera fabricated wthi el i c 150. The beam may be
fixed aalb@t’ﬁegeﬁ%?‘?gin?ﬂ%%?iﬁnﬁd\é{rjo %ﬂa&cglf)h% ca§ b%ﬂne end as 30 illustrated
with reference to Figs. 7-8. As previously nentioned, the beam nmay be

provided wth holes 175 which are useful to subsequently facilitate I%J;e

removal of t fig d8dHustiagesathe phointiihograpby gndRECTEpSIotasowghe diglestricaroung, e

beam may al so be .encapsul.at ed. as descyi bed i ith:re Fi gs.
113 et Purt s B Ry 5 B T TR b GlenitsE i Ghe e 14 ™ 93
i |1 ust r #8s tHHpeh@ibREiricNB0 Rl Provadd alidss ff RREsd Matefigin3out the dielectric
around 5 and through the beam and over the cavity. This frees the noveabl e

section of the beam 160 fromthe upper dielectric 150 and provi des access

o, elease kel o0 Bl LS IRAER A ISM Bl R il g vl of

the rel ease usi ng an ‘oxygen plasma

to br eaﬁargfaié}iw Qe Qi@ i GxyBdrEslastastottiédk diivéh thE ©5&iMic matdfalethapaverpgesehigm t 0
be evacuated. Follow ng this step, encapsulation of the entire device may

be 1per f aillvedhghiemgo bervantedn Aollowing dbis sisp, enshpsutatian of theyentitpdayice @payR§ of f
the release holes in a dielectri.,c coyerin s will b eseri .

her ei nafR% riEq RSIRg FUIMERINS Bethogs o, ?Egr?%t.“%bf’ g?’ P%h%“&é’gﬁtg? 5&@}%@3@8%1' %t ed
devi ce i felbdific %ﬁeéﬁx%, %I@flleoe c%sgﬁfiﬁ‘e_r%g&girﬁﬁ&h@ftﬁijef&%nwbmigslmﬁﬂ.dS, i's shown

with its center ownwar rawi ngs are not to scale. Accordingly,
in order to better visualize the final device and better understand its

SAGIILRETY E NIRRT Y R

0 ,goVe, o HRYis M wh R 29 Qe FP Qo MRISS Ok drdfvinds FRMRR RS &aﬁ?ﬂ@bé&h@ﬁ@ in
order to better visualize the final device and better understand its working, the true scale of the
various parts of the device will be described. For example, the cavity that defines the distance
the beam is to move, may only be 200 to 1000 Angstroms for a moveable beam 10,000
Angstroms thick. Thus, the deformation of the beam is fairly minor.

20
Figs. 20 through 23 shows an alternate method to be inserted from Fig. 17 onward

and which is useful to describe how to encapsulate the MEMS device. Referring to Fig. 20,
yet another dielectric layer 210 is now added to form another cavity above the beam 220 (see
Fig. 21). When etching the upper cavity 220, the dielectric is‘removed from the cavity area

25 through and surrounding the beam.

Next, in Fig 22 the etched areas are filled with more release material 230 as
previously described, preferably, with SiLK or DLC, and it is planarized. The same sacrificial
material that was placed below is now used again, such that the release process removes all

30 the layers of release material.
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Angstrons thick. Thus, the deformation of the beamis fairly mnor. 20
Figs. 20 through 23 shows an alternate nethod to be inserted fromFig. 17
onward awo osloseBs i s useful to describe how to encapsul at eCcrhsoNedoBB devi ce.
Referring to Fig. 20, vyet another dielectric layer 210 is now added to
form another cavity above the beam 220 (see Fi g, 21). Wen etching the
upper cavi t yFiEa3 illusteates the additiprof et paotpeictielestafl ﬁfezd@a‘mﬂﬁli? Vﬂ?é‘a‘“%ﬁ%r ough

d i h . i i i
o Sur LY RSB, TRy A A PN RLFRR S LD

or DLC, and it is planarized. The sane sacrificial material that was

pl aced bel ow is now used again, such that the rel ease process renoves all
30 the | ayer §igmP4shpwaths desice withithe nefeasgmetzriobamegeditroughorssiofisss Fig 23
il ustrgtes tcBe ﬁddi tion of yet another dielectric layer 240 within which
vi ds 2560°%PReGSH S ned and et ched. These vias provide access to the rel ease
material to be renoved. Fig. 24 shows the device with the rel ease materi al
renoved through vias 250, as 5 described earlier. Fig. 25 shows the final
encapsul at i offigs 26 phows therfing! ericapsutation lsep ofidepestingi %IO%GOCIWEW 268iwutles of f

the small Vias.250, thus aling the.structure. 10 Figures 26 and 27
i |l ust rgf%g?n‘?fgﬁﬁeesmytv Sr?éﬁh%las gﬁﬁhﬂ%&eﬁ ftﬁge'cavi ty/vias dielectric |ayer
entirely out of release material 100A, as referenced in Fig. 16. Fig. 26

shows the beam already forned and the upper cavity area 220 patterned and
ettthed, as d&gureslanb?] illostrae amaltaradiemsthod af gnaking the gavityhyiasdielectripe

I i h I i h ipn Ei.Q. .
br ocess WpeT paney St EPsmicise PRGEAT HDL 5 Tmbhoal f Lot g Shod B ke
rate deaﬁgﬂ@ freg?éd‘é‘nd #he lugaér laVi'_%I Sk 850 pRRInGNEdIdihedr RARSG DY exrlibewitht i s

removed. ease materital iI's renoved directly below the open areas as
wel | as referenoer Figt 2r.al di stance 250 from each boundary.

15 Next, the release process using the plasma process is shown in Fig. 27. The release
process is isotropic and, thus, has a lateral removal rate. The lateral rate depends on the
release material used and the process by which it is removed. The release material is removed

directly below the open areas as well as at some lateral distance 250 from each boundary.

20 While the invention has been described in conjunction with a preferred embodiment, it
is to be understood that many alternatives, modifications and variations will be apparent to
those skilled in the art in light of the aforementioned description. Accordingly, it is intended to
embrace all such alternatives, modifications and variations which fall within the spirit and
scope of the appended claims. All matters set forth herein or shown in the accompanying

25 drawings are to be interpreted in an illustrative and non-limiting sense.

Industrial Applicability

30 Used in field of communications, and more particularly in cell phones and the like.

13



20 Wiile the invention has been described in conjunction with a preferred
enbodi nent, it is to be understood that many alternatives, nodifications
and vari awoon®s4a8 | be apparent to those skilled in the actu/usa2bdoght of
the af orenmentioned description. Accordingly, it is intended to enbrace all
such.alternatives, nodifications and variations which fall within the
spirit @himsscope of the appended clains. All matters set forth herein or
shown in the acconpanying 25 drawings are to be interpreted in an
illustrative and non-limting sense. |Industrial Applicability 30 Used in
field of comunications, and nore particularly in cell phones and the |ike.
13 WO 03/054938 PCT/ USOZ/ 36088 dCdains 1. A nethod of fabricati g

m cr o- el.ect Pomethiod f Ebirictivien) m@nﬁ)-@@ﬁtf@@ﬁ‘ﬂ\ap@?l@mmS@F@b%omﬂilsl%t & $teps
dep05| t|€g a first dielectric layer on a substrate, said first dielectric

I a er ing a plurality of conductive interconnect |lines formed therein,;
10 b) depositing a second dielectric |ayer through which conductive Vi as
are formed, said vias contacting at |east one of said Iurallt

conducti ve i an) @p@eutlngatﬁrsttldrfé@trl@bayﬂmﬁﬁ spstaate.spid §rst ¢191?th1§ y8F k}"é’épz‘:’o%t from

sai d secpn |ECtI’lC | ayer A said cavity wth sacrificial
mat er i aPUEY %ﬂﬁ’gl"?tﬂeri@te %Pheéie‘fﬁ)ff) %&‘ﬂ erial; and e) depositing a

third diel ectrl c layer and formng a conductl ve beam havi ng sai d
conductive vias contact said conductive beam 20 2. The nethod as recjted
i nocl aim 1, b}ldd&ﬁ%ﬂmgcampcwmil digedttie las(elet}hsougih wl)lctd@mdwmen@as&rq fumeg, said

dielectrjc | tt f to 25 said
Fi st cAl egmagine P e Ao AR oL Aondif g e EnPhT Bl *rat er il “and

pl anarizing said sacrificial

¢) forming a cavity that is carved out from said second dielectric layer;

15 d) filling said cavity with sacrificial material and planarizing said sacrificial material,

and

¢) depositing a third dielectric layer and forming a conductive beam, having said
conductive vias contact said conductive beam.

20
2. The method as recited in claim 1, further comprising the steps of:

f) depositing a fourth dielectric layer and patterning a second cavity conforming to

25 said first cavity,

g) filling said second cavity with sacrificial material and planarizing said sacrificial

material

30 h) depositing a fifth layer to cover said second cavity,
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material 30 h) depositing a fifth layer to cover said second cavity; 14 WO
03/ 054938 PCT/ US02/ 36088 i) patterning and etching a plurality of holes
over sai dweasnsfBgi al material; and j) selectively renovi RgTABOY36088
sacrificial material such that said conductive beamis anchored at at

| east one end, and |eaving the remainder of said conductive, beam surrounded
5 by air. 3. ilpattersingadd atchingai plewlityrofdioles ever, said seerfégial septerialsindg t he step
of adding a sixth dielectric |layer to seal said second cavity to protect
exposed portions of said conductive beamand to 10 cl ose off rel eased vias
in said fifth didl; %Eérﬁox}iﬁg’ﬁid sdbrifidilem AR QfctPthat &6 écddutiive®eain' 3,
wherein said ™ protective layer is made of Ta or TaN. 15 5. The nethod as

r eci t ed ancharédatrat gashioae end) andiedviag he winainder efisaidesndustive tbeans sapogrded
selectivyely renoving the sacrificial material from said second dielectric
Iaf%r, A% - sel ective renoval conforming to the shape of said first

cavity. 20 6. The nethod as recited in claim1l, wherein said cavity is
formed by selectively renmoving dielectric nmaterial from about said
conductive beam 25 7. The nethod as recited in claim1l1l, wherein said step

e) is replaced by the step, of el) tterning .the thir i.el ectrie. to
sel ecti el y ﬁ'ﬁé’é‘a}{ggﬁﬁ r@&‘ﬁ%‘f&ﬁ% Zbgﬁlﬁflqrrcggmpgglgg gletstﬁ?pr%agflg\geac?’#?ﬁhe%rg ;
and 30 L | bk Gl Aoftiondiok Biil co@iudtisebalandi ] ectric
| ayer. q%rvég%gﬁ%%i%%ggﬁ%#ﬁgg%go% 8. pl'clzheonmgt h(;dcas relci ted ?n claim1l,
wheo ei n desedbiteledseclt viaein saicfitlodikectricllayges are made of copper, and wherein
sai d conductive interconnect lines are inlaid in a dielectric.

4. The method as recited in claim 3, wherein said protective layer is made of Ta or TaN.

15
5. The method as recited in claim 1, wherein said step e) is replaced by the step of
selectively removing the sacrificial material from said second dielectric layer, said selective
removal conforming to the shape of said first cavity.

20
6. The method as recited in claim 1, wherein said cavity is formed by selectively removing
dielectric material from about said conductive beam.

25 7. The method as recited in claim 1, wherein said step e) is replaced by the step of

el) patterning the third dielectric layer to selectively free said conductive beam from

said third dielectric layer; and

30 e2) removing said sacrificial material within said second dielectric layer.

15



5 9. The method as recited in claim8, wherein all or portions of said
copper interconnect lines are recessed to a degree sufficient to provide a
capaci ti vwoasnsgap when said MEMswitch is in a closed starasi®3d8 The
method as recited in claim1, wherein said conductive |ines are recessed
with respect to a top surface of said first dielectric layer to m ir?ze
sticti orB.ef fbemethogias mtmsdn@ﬁlﬁm1a\ghqr@eiS@léaonﬁiPGélV%lmﬁ"rrw}neﬁémeﬁélfe 8 i si ng
the step of enc ulating/said.r. . t] i:nes. 12. The

met hod a&PPEe F‘E‘gﬁ’%ﬁﬁ‘ncﬁa&??ﬁ ?g\l/ﬁ?el?%?cﬁ&ge%?g&ggdﬁ%uc%lrl@ed %lglglr:#nles anchored at
one or at tw of its ends. 20 13. The nethod as recited in claiml1,
wherein said MEMswitch is coupled to a plurality of other

netal -dielectric-nmetal switches that are arranged in a variety of

configuratiqns. 25 14. The.nethod as r.ecit ' | Al ' i d
conduct i €e ﬂ%ﬁg’se%?c’éirar‘?‘erﬁm{]eﬁ ”&ﬁfa xgb‘gg?felg ;lgg%Sb%ggf)gLafm? %os‘%p‘@gg{}%tb (;;/h%gdt as

act uat or ik afd feQASS 100t ddpvdd uELicHR Y pRRIde aCapslitid altgdpeahvnatil MEM wwileh one
or nore electrical signal paths. 30 16 WO 03/ 054938 PCT/ US02/ 36088 15. The
met hod as ir @closeldstata cl ai m 1, wherein said second dielectric layer is
deposited to a thickness that is determned by the size of the gap to be
formed between said plurality of conductive interconnect lines acting as a
| oner el ectrode and sai d conductive beam 5 16. A micro-electronmechani cal
(MEM sw tch conprising: conductive |lines enbedded in a first dielectric

| ayir depdsi Tleximethod as tisised i daimshivehereimsaddi condustive Haes aseresgsseerddsed wit h

respect }egpé[ctc] (tao E%)p ssuu a.]Z:é'i 8 sacl)J firsf Eii(gle]zztlrirc?e'%ye{r:I Jcoerlnlen%l{z!e %ticlt%\ﬁeerffects.lo

11. The method as recited in claim 10, further comprising the step of encapsulating said r

15 recessed conductive lines.

12. The method as recited in claim 2, wherein said conductive beam is anchored at one or at

two of its ends.

20
13. The method as recited in claim 1, wherein said MEM switch is coupled to a plurality of
other metal-dielectric-metal switches that are arranged in a variety of configurations.

25
14. The method as recited in claim 1, wherein said conductive lines formed in an exposed
area of said first cavity act as actuator electrodes for pulling down said conductive beam and
provide one or more electrical signal paths.

30
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a first cavity positioned on a second dielectric layer; a conductive beam
positioned over said first cavity and anchored at at |east one end of said
conducti vwoleamosy a third dielectric layer; 15 a second eawiusy2/s@ssed out
Iof a fourtrd1 dielectric layer superinposed on top of said third dielectric
ayer, said second cavity having a perjneter matchin he perineter of said
}‘i rst davi {hre maghed 35 fegiteddn slaga dr whenemysaid %&ﬁ&rfﬁﬁ%‘a 85)@8#%98?%6“@@69 £h

ayer tq,provide, pr ctl for [ C ' : switch
oot ed R R BTty B BBl s B ket tRcch fad PRFaAGTEN 2R
two of idoad@iEe intdr€onnect lines acting as a lower electrode and said conductive beam.

16. A micro-electromechanical (MEM) switch comprising:

conductive lines embedded in a first dielectric layer deposited on a substrate, said
conductive lines being recessed with respect to the top surface of said first dielectric layer;
10

a first cavity positioned on a second dielectric layer;

a conductive beam positioned over said first cavity and anchored at at least one end of
said conductive beam by a third dielectric layer;
15
a second cavity carved out of a fourth dielectric layer superimposed on top of said third
dielectric layer, said second cavity having a perimeter matching the perimeter of said first

cavity;

20 a fifth dielectric layer superimposed on said fourth layer to provide protection for said

conductive beam.

17. The MEM switch recited in claim 16, wherein said conductive beam is anchored at one

25 or two of its ends.
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