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consuner el ectropigspagf r PNs systenms. Many

researchers have attenpte to |nprove the tuni ng
Thisrznxﬁntﬁomﬁﬂ&Sg&nenﬂﬂky(quﬂnaqnup:muun@%dﬂaqnmqmamhamical

c C r C usin [
(MEM)pla%?Jéﬁél'g%éé e&ga prr?e:;{:g}: - ohﬁ. %Va(r:in)q:t ke@éx LSH% % %ho% rutc%ures,
and tmrermmpédmarallai,edtd mstl\&tM v dmrakds |cm\;xaicvt¢@brdumm@, uses

The ate e ectr xhibit a

thre%léfﬁg¢§i d%@%q% aworeCtro one- fhi% ﬁheondlng a
chip m@tamrieaaohutgsﬂmatae maxi mum tuni ng 5 capacitance of

1.5. Most previous approaches have resulted in
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great challenges, A _Dec et al., in an article

of h%ﬁﬁiﬁt%ﬁP@¢$yrﬁqgcf%ﬁﬁﬂurﬁﬁfquency (RF) circuits. MEM

variable capacitors have drawn considerable interest over the

last few years due to their superior electrical
characteristics. Variable capacitors using MEM technology can
be easily implemented in standard semiconductor devices for
applications in aerospace, consumer electronics and
communications systems.

Many researchers have attempted to improve the tuning
range of MEMS variable capacitors since the maximum
capacitance tuning range achieved by using a parallel plate
electrode approach is limited. Thisgs is due to the non-linear
electrostatic forces involved during actuation. The parallel
plate electrodes exhibit a typical “pull-down behavior” at
one-third the gap distance, leading to a maximum tuning
capacitance of 1.5. Most previous approaches have resulted in
increased processing complexity and/or a large number of

moving parts, leading to a drastic reduction in reliability.
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electrode. The resulting capacitance tuning range is greatly
enhanced since the electrostatic forces are constant in
nature. Since this device has three ports (two ports for DC
bias and one port for the RF signals), the signal capacitance
requires decoupling as is the case in a 2-port varactor
device. Moreover, most prior art MEMS devices need to be
separately packaged that, at least for MEM devices with moving
parts creates certain processing issues that need to be

resolved.

OBJECTS OF THE INVENTION
Accordingly, it is an object of the invention to provide a MEM
variable capacitor device that utilized comb-drive electrodes
(or fins) for actuation, while the control or signal
electrodes gsense the motion of the movable beam, leading to a

change in capacitance.
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the control signal and the switching signal. It is
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MEMS based variable capacitors provide many advantages

over conventional solid- state varactors. These devices are
operated at higher quality factors leading to low loss during
operation. Two types of MEMS varactors are described herein:
parallel plate and comb-drive varactors. Most widely
investigated MEMS varactors are parallel plate capacitors with
a movable electrode and a fixed electrode. The major
disadvantage when using these MEMS devices is the limited
tuning range of operation obtained upon actuation of these
devices. The inherent electromechanical aspects involved
restrict the tuning range and lead to snap down of the movable
electrode. This is often stated as "pull-down instability
effect". The electrostatic forces acting on the movable
electrode are non-linear in nature which cause this effect. In
the comb-drive electrodes, the electrostatic forces acting on

the movable electrode are linear in nature (directly
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the conb-drive electrodes, the electrostatic forces

acting on 6 the novable electrode are linear in nature
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carrddehpseshal the chip side is flipped onto the carrier
wafer and precision aligned so as to make electrical
connection. The height of the stud on the carrier side
determines the air gap between the movable electrode and the
fixed electrode. Finally the device can be encapsulated with
polymeric material in order to provide controllable
environment for the MEMS device during operation.

In another aspect of the invention, there is provided a
semiconductor micro electro- mechanical (MEM) varactor that
includes a first substrate having a movable beam anchored at
least at one end of the movable beam to the first substrate,
the movable beam having discrete fins protruding therefrom in
a direction opposite to the first substrate; and a second
substrate coupled to the first substrate having fixed

electrodes, each of the fixed electrodes respectively facing

one of the discrete fins, the discrete fins being activated by
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first substrate; and a second substrate coupled to
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Fig. 3A is a perspective view of the MEM switch,
according to the invention.

Fig. 4 shows a top-down view of the movable part (top,
chip side) of the device with a maze type configuration of the
comb-drive electrodes, shown in Fig. 1 according to the
present invention.

Fig. 5 shows a top-down view of the fixed part (bottom,
carrier side) of the device with a maze type configuration for
the bottom electrodes, reflecting the Fig. 4 according to the
present invention.

Fig. 6 shows a top-down view of the movable part (top,
chip side) of the device with a another configuration of the
comb-drive electrodes, shown in Fig. 1, according to the
present invention.

Fig. 7 shows a top-down view of the fixed part (bottom,
carrier side) of the device with another configuration for the
bottom electrodes, reflecting the Fig. 6 according to the

present invention.
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Added to these fixed electrodes 51, are a series of
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Fig. %9r?'nﬂ&$eﬁevfégals built on two separate substrates 10

and 11 upon which the movable beam 50 and fixed electrodes 51
are respectively fabricated. Added to these fixed electrodes
51, are a series of driving combs 50A (electrodes) hovering
above fixed electrodes 51 in a direction perpendicular to the
movable beam. (The comb-drive structure consists of the
combination of protrusions 50 and 50A). Hereinafter, the
movable electrode substrate 10 will be referred to as the
“chip side” while the fixed electrode substrate 11 will be
referred to as “carrier side”. Metal connections (not shown)
to the electrodes are inserted within dielectric 20A, as it is
typically done in the semiconductor fabrication process
commonly known as Damascene process. In the preferred
embodiment, the metal connections and electrodes are,
preferably, copper, with a suitable liner and barrier
material. Metal conductors 51, 51A and 51B are approximately

1000 A thick. Conductor 51A is illustrative of a signal
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electrode 51B (Fig. 1). When this occurs, electrodes 50A are
attracted towards electrodes 51. The movable beam 50 is
suspended from and loosely attached by a double hinged or
fixed- fixed support. The moveable beam is anchored on either
side to the dielectric 20A. The attraction between the comb
drive electrodes 50A and 51B causes beam 50 to move along the
direction of the comb-drive electrodes 51B. Control
electrodes 51A are separated from the movable beam 50 by an
insulating or semi-insulating dielectric material 21B
(Fig.30) . Electrodes 51 can be exposed to the trench on one
side or set in such a way that a thin layer of dielectric
prevents physical contact between the electrodes 50A and 51.
Preferably, a thin layer of dielectric of the order of 200 -
500 A precludes them from touching each other If contact is

made, a delta in potential is lost and the drive voltage may
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differential is applied to the electrodes 50 and 51B, an
electrostatic force attracts novsable e]ectrodg 50 towards
stationary electrode 51B, causing electrode 5C to deflect or
move towards the stationary electrode. When the electrode
deforms, the signal electrodei{s) S1i2A record the change in
capacitance due to change in gap distance between the
electrodes

Fig. 3 is a top-down wview of the carrier side substrate
illustrating the driving electrodes 51B, signal electrodes S51A
and trench gap 31 embodied in insulating material 21 over
substrate 11 (Fig.l). _

The MEM devizce is also configured éuch thialb the drive

electrodes can be of wvarietv of configurations te maximize che



0 sem conductor fabrication techniques such, as
damascene approach. The el ectrodes SOA can. he forned
wo@mn/0sd9es el ect rode 50 using through pl ati ng BQEPEPR0$012399
Wien a voltage differential is applied to the
el ectrodes 50 and. S1B, ang electrostatic force.
ct Q 5
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the afef |pott iorul amwvaonloiwestdisort nd Sthet |Ctmé:r-;dreh@cterl@d3¢.r0des

W).--- t he el ect.rode . the si gnal
‘el %"ttar%‘?fet(%cﬁn 51 FEEbr. C?ndﬁelgur iShhe 3 245548 ance
confﬁg&é@l&haﬂg@m ni gla0i i S taant @ detowe ghetelectimoddsy. 6
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conf 1 Her £ ¥8s - Coecomd- &F BEd r@l@:&r&ﬁi&@%dﬁ M aldget:lr
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electfbye YOhfAGLSac Fbls FosSheMss . the ong Py tx‘érs'égéacrtlvely
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For egpinRlon 9 suthiblevnfatre dthorroncenty evhspse in signal
elecEP@ééQUf;é‘iA éhPP{V'béE\né:érQ t‘héﬂrkdaﬁ@ 49U 'é?l.rbédq the
. 5 can be used nmaze type onfiguration
s:LdeWIalls @ﬁ(pteh:et echvioies mcvmkzedztnh\ee | el ey taut oo |5mme
effect of the conb-drive electrodes due to increases
i ffness of the electrodes. Other configurations for
cmr@ dg i i/Bl@d;@ﬁit@siem&ﬂfezarceamﬂﬁgnrmi fe.cHd geEM 3,
and.7 show t he correspondi bot t el ectrode
Vara%‘?ﬁu‘&%}‘h‘f? on%a?%?g?—‘i[‘ gising gy RpP! erre Eoregy
elec@%ﬁd’:@i efe &l JehBohidh USEA atiess thecieanaept ;ymec;&:n N the
gnal el ectrodes, 51A are in between the cavi ty
Carra%a§u}a%’ar%¢%n@s tMetacheRvid 13 MRIEA A YRHrate (not

showl PRI i NE 8-k 088SPdd arfl {97¥®tished or ground to

open the electrodes. Thereupon, conventional semiconductor

formg

bumping process can be used to make direct electrical

connection to the bottom electrodes using solder bumps. The

temporary substrate 11A (not shown) is then removed. Typical

height of the solder bumps are of the order of 0.1 to 1 mm.
The carrier substrate can be diced and individual components
are attached to an organic or ceramic substrate 12 for
electrical connections. Using this approach wafer level
alignment and bonding of the “chip side” of the device can be
done to carrier side of the device providing the advantages of
improved yield and lower cost of manufacturing.

Figs. 9 through 21 show the process sequence which can be
used for fabrication of the top chip-side of the MEM varactor
device using the present invention and Figs. 22 through 39

show the process sequence which can be used for fabrication of
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5 Fig. 8 illustrates another configuration of the MEM
var act or devi ce, packaged using the sol der bunps 51C

wo ovo4/0889e€t ri cal feed through. In this packagi POI/EP2003/012399
approach, the carrier substrate is attached to a
tenporary substrate (not ghown) and the bottom

the b%%%%#;%g%r%£f%§igglE%h@geOMEﬁrQHQQFEBrlgeQPQQ.thgtep-step

elec es. reupon, conventional sem conduct or
procelssnmpieqy emcec éss deaerbbedsbdiedlyakeldivrect el ectri cal

connection to the bottom el ectrodes using sol der

bunps. The tenporary substrate 11A (not shown) is
Chip-tsiele mpemmests. sBgmienazle: hei ght of the sol der bunps are

of, the order of 0..1 to 1 nmm !5 The_carrier.substr

Fif 0@ GIEUE ahg ARG S5aP CombBReRtEr 5RE Lot BERaEES
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connections. Using this approach wafer |evel
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vant ages o nproved yi el ower cCost of

cavityanuftestded Mg Wi gormed leoeght2 thshomvehdeprdesssode and
allovlgiﬁlﬁ%?f'}ce %t%%ng%%EQ%e lé‘ct%cft%rr f.a.bli'-"i%e.lt h@n s?tﬁgtsh%hEOp

ide of t M Varactor device-using
cavigy eéderftormadentti amtand ali @9. f22meldr owglr 3he show-thide

rqcess. sequence whi ch .can.be used for fabrication of
subsigtsocH GFEdEs ROTEPI00301 2558 ORSTFRe o gt FoRIT Y and
patteGAitieresdde pfed he MEM varactor device. Step-step

process sequence is described hriefly _bel ow. Chip-side

prodess Sequiditet Gig! Fadiond i FAIMet 89 oF the
depod BUd GaY | O PrALLSHvile JMIRIRILY 1195 ¥Rt I8 Qbuge Brep .
~ insulating material 20°is deposited on top of the
Fig. dHl pllslhurt st rdie SIEP PMrfefdPatiny z inch & acHilRréss. of
maced 1) MY OriAl Al ihd i de RN 0l Bace@ullY 20 is
i'ntended to be formed beneath the movabl € el ectrode
then atebosl 4 i awge f mese: emita lorg Oof (FRikge 1Str.uct (ihe, iRisglatlng

S Y O AR R T AL
for e EORMEI di thegmapblan@lectrode and associated
connections 30. Seed layer 50C is then deposited for further
processing (Fig. 14). In Fig. 15, conductive material 50 is
deposited over the substrate using plating or other similar
techniques. The thickness of the metal deposited should be at
least equal to the thickness of the movable electrode. 1In
Fig. 16, metal 50 is planarized to form the electrodes over
the substrate. Seed metal 50B, e.g., chrome-copper, is then
deposited over the substrate for selectively plate the
electrodes (Fig. 17). Resist or polymeric material 60 is then
deposited and patterned to form a plurality of openings for
the selective plating process (Fig. 18). In Fig. 19,
comb-drive electrodes are plated through the resist or
polymeric material. The polymeric material/resist 60 is then
removed or stripped from substrate 10 to be followed by seed

metal 50B being etched or removed (Fig 20). Fig. 21 shows



patterning techniques. In Fig 11, sacrificial materi al
or polynmer 40 is deposited to fill the cavity forned
WO mooithssops evi ous step. 5 Fig. 12 illustrates PEBEB108H012399

of planarizing sacrificial material 40. An insulating

or sem -insulating material; 20A is then deposited

Qver ri.al: 40 .0 13 The.losukat | t gLl i e
the g R Rt SF R0 ohnd St SRl To For noLa B SareLeietal
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can then eendudpipeed oater calt 5@ hies cadepesi sedeowner shhen in
. Substrate using plating or other simlar techniques.
F19- e thi ckness of the netal deposited shoul d be at
| east equal to the thickness of the novabl e el ectrode.

In 5 Fjig. 16, nmetal 50 is planarized to formthe
Carr%ﬂ%ﬁﬁ%4ﬁﬁ8¥9§ﬁ§s SER WSt rate. Seed netal 50B, e.g.,

W PMErCARRRIst Hat h@he dapesi sedpo¥er pirecssbingatie
for selectively plate the _electrodes %Fi . éékn
Carr#%ﬁﬁ%ﬂd%n([ﬁﬂﬁﬁﬁ&ﬁh@lﬁaﬂeﬂfthGOME@ vRe Ctg€p 't-&d - and
substafterned 4 ¢ frardPr Pla@ldeichedf teperbrdgater a0ptiheality
sel ective plating process (Fig. 18). In Fig. 19,
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hen ~‘renoved or “str1 ppe romsu
the ¥idd oyreldy by eedorricd i V&) Baheiig letsaheprerf eraddyechetal ,

, (Fig 20 Fig.. 21 shows WD 2004/ 038916 .
o i eieh AE T BRS e AR BLaResdng SLefoRR the
bot t&hi Pr&d el eld) isacrd fddininl yeiceld dln 40 DaRderceeat h

t he novabl e el ectrode 50 is etched or renoved_tq_form
Process r Bel %t atdi nd HohA et b & e At e T 18dn et S

depo@frdd i Hped Q¥ep QUM thee G ddey @ ide 3% )SheMR ithilckness
Fig. 1. Carrier-side process sequence: Fig. 22
of whi¢hysderEsining fihstdentdp Florthn deesshes tisg the

combﬁ%’%/{\i(fé.réfé.é:@rc(ci@é),t tam hal ferndds tdie HEMN ARREIY be at
least equal or greater than the height of the comb-drive
electrodes 50A previously fabricated on the chip-side (Fig.
21) . Dielectric material 21A is then patterned and etched to
form openings 31A over the bottom electrodes (Fig. 26).
Conductive material or metal 51F is then deposited over the
patterned dielectric (Fig. 27). Resist or polymeric material
41 is blanket deposited over the structure and patterned to

expose portions of the metal 51F (Fig. 28).

In Fig. 29, the exposed metal is etched except in the
areas where the resist/polymer covers the metal, forming the
drive electrodes 51B and signal electrodes 51A. The resist
or polymeric material is then removed. Insulating material
21B is deposited over the openings to cover the electrodes 51A
and 51B (Fig. 30). Resist or polymer material is then
patterned and the dielectric material 21B is etched at the

bottom of the openings (Fig. 31). Resist or polymer 41A is



Substrate 11 is patterned and etched to fabricate a
plurality of deep vias 31 to formthe bottom
webeaissydes. | nsulating material or dielectrieCPEP23/012399
then conformally deposited over the vias (Fig. 23).
Conductive material 51, pnreferably metal, is then
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e.g.,det@rdingi-k@pble , deﬁ@hdeﬁobhEedreneheSpbmymehe41A (Fig.
conb-drive el ectrodes, the thickness of which
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the chip-side (Fi Dielectric material 21A.i
electtm&qu@ndert@@d 1@4@1@{%5@@ fdstpprm Bséwﬁﬁﬁstgmaséel@ottom
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same maﬁleesciarh caS( Elg. iz7)depResitsd ovepokysecrotaateppds 8nd is

s, bl ket epQsi t ed gver..th
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carridd)-silae %qbsﬁﬂhtdluwhexpasedthetabsustebaheélgmeemc in
t.h reas where the res st/p nmer__covers thed ka
matesfigr AR (e TN e i P OREE 1 SCEEQRAN o0 Contact
pads &18Ct I QRS 3 cHIE I18SIasld @her cpalpy BRkeC siBlsefbdksi are
then renoved. Insulating material _21Bis dep03|ted

complatad t o pBHih st do LRRsT At CaRe & da6s S8R 5hE 51B
chip (Ha RAQicLegidtale RRMTEARERS ifdli gpoedt BRr onto the

patterned and the dielectric material 21B is etched at
carrigie sistp toRIIrato ddenegs e Pongled trediogm §he final

devid®! é@%{ﬁeﬂ&ﬂ M0 21004/&%&%1%%@&/1%0&@03%@&%39%1d352
agal n anket(bﬁ£05|ted and patterned to selectively

deviasgrerratheoe regt Qtq 9 meardermediGeo retbet ré¢ st act
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metal 51E, e.g. hr ome- copper, is
(waf efeploasie e ovkag el yme A LERA (Fics: tl@fs)flrrﬁﬂe derviiclendss

formeoci trbc? é’c?é%’@?éné‘ﬂ%écﬁ{aagﬁ{g} 4 'sCEHec%%rsaa'R} €las the device is

completely surrounded by the substrate on either side. For
applications requiring hermetic sealing of the MEMS device,
vacuum lamination of the final device can be done using
polymer resulting in good polymer encapsulation of the device.
In another embodiment, the MEMS varactor device can also
interconnected using an alternate fabrication method. After
the carrier substrate with the raised contact pads (Fig. 34)
is formed, polymeric material is left on top of the substrate
and another temporary substrate 11lA is attached to the top of
the polymer (Fig. 36). Substrate 11 is then polished or
ground to open the bottom of the electrodes for the
interconnections (Fig. 37). Solder bumps of material 51C are
attached to the bottom of the substrate using conventional

bumping fabrication methods (Fig. 38). Typical material used



since it determ nes the height of the raised contact
el ectrodes and the initial gap distance between top
wa@pah4losgotom el ectrodes. Fig. 34 shows the stepCcwEBI®3/0M2399
nmetal 51D (of the sanme material as 51) is deposited
over the contact pads andq;s planarized. Fig. 35
for s2NQ \é? Eﬂﬁpﬁmﬁakspﬁggﬁsﬁkﬂg §L8Psf @helhe 1680TACINGI 88
substrate e resist or polymeric nmaterial
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sem -insulating polyneric material is deposited at the
bottom of substrate 11 to ensure nechanica
wGer@biossotgy. Fig. 39 shows the | ast processi ng BCEPP1003/012399
the carrier-side of the device with sol der bunp
I nterconnections. Herein, ,gl ass substrate 11A and
polyneric material 41A are renpbved to expose raised
contact pads 51D. The substrate can then be diced and
attached to anot her orgaLAIMs ceranic substrate 12
to provi de the interconnections. di vi dual
1. chi peBERRIRYPE SBL CER LT 1 "ﬁ? Bl efME varactor
Compgyyyﬁad to the carrier substrate to formthe fina
devi ce as shown in Fig. 8. Wile the inventian hq;
beanf HEsEr PRRACFAC @ oRFYiHRY | DINOVRR }E PereranThgred at

leasteMROYERILG Idf ish ilD MeRrahIdebshaod ot E&tldrmli)tst substrate,
alternatives, nodifications and vari ati ons w

be
said gepatde heem firtdse GIGIEES it PEh@TREE AT §H€r81fr°m in

Pl pdined, dese iftdsen suheetdieNglng it is
@ dl%%ﬁ%ﬁ%ed to enbrace all sucﬁ glterngtlves

modi feeanforsbaryavar FauPLRd Whi Shidaf 1XSF t FEPStY e

hav1r§;;0'f1)§ed?"a§tﬁpn%ég the rARFeRAHH ¢i3iedP < 1A faRlsler s

orth herein or shown in the acconpany
respefttaalgs reinn ge I isrieh shieca@tion fdms| |S@sl%r sisgaete

0 ding fi
fins JULAPNCLINIING PP G IAEI AR ne protruding fins

and gAid Eixgdakereadtgfcal (MEM varactor conprising: a
first substrate having a novabl e beam anchored at 5
| east at one end of said novable beamto said first

2. subber HEY, Vasatdowoaabkeréaﬂ1havChgi@i%cr@héreiﬂssaid

t.r udi th { t
cocaf UG TSI LOD A\ b SR 0L ORRRSL Lpd R <o
said s&ecbrid rsalbstmbastef,atamd héha mregLif i seaidl esl&c:trrd)dmbsteaﬂh afs

i xe tr.odes O respectively facing one of
Coupiéécfﬁ qé f??&FtE%Fd di screte fins being

activated by a voltage between the protruding fins
3. andh%al%beé%%c%ggp%%oggglted in claim 1, wherein driving
electrodes are formed by said fixed electrodes in combination
with protrusions extending from each of said fixed electrodes

beyond the surface of said second substrate.

4. The MEM varactor recited in claim 3 further comprising
signal electrodes positioned transversely to said protrusions
at the top surface of said second substrate in between said
driving electrodes, wherein a voltage that is applied between
said movable beam and said fixed electrodes creates an
attraction force on said fixed electrodes inducing movement of

the said movable beam.

5. The MEM varactor recited in claim 4, wherein variable
capacitors are respectively formed by said signal electrodes

as a first plate of said variable capacitor, and said movable
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2. The MEM varactor as recited in claim1, wherein
said first substrate is diced, flipped over, aligned
wa@pah4jossomed to 5 said second substrate, and WheT/8P2003/012399
said second substrate is coupled to a third
substrate. 3. The MEM varagfor as recited in claim]l,
beam WAldl gg'V%QQOﬁg!ﬁﬁgEgd%% @%gdfgﬁgggb@¥ eabdchitxed the

eCtrodes I n co ation wth protrusions extending

capadfitemasactf ohishi ¢hanges asedt fvaesionpofeybRdIfRePetween
said sflirr_fsq:c% S%I qudsg)ci;%g substrate. 4. The MEM varact or

recited in claim urther conprising signal

el ectrodes positioned transversely to said protrusions

at he, LQp C ubst rat &-d 14 bstsen
TRty SR M Tt b il S b S
attao&md i e stmtd/vgemtrﬁlsamrﬂs realiompiedmtandodded buxps to

e ectrod S Sl.eal n_attracti farce o [ ed
prome# ENGRAL |nduéD| n% Tovenen CCC qtaﬁgdsgfldgﬁg@ g'lhl&)él
substheara. 5. The MEM var actor reci ted in claim4, wherein

variable capacitors are respectively forned by said

signal electrodes ;0 as a first plate of said
7. varrabl mEpapaektoor asdisaddinovabie y\i)@ﬁ)@ﬁéﬂﬁSQ&ﬁd fins

PCT/ EP2003/ 01239 eam provi.ding a second Iat
aCt R arTa SRS RSAT HE AAGHEG at g capagiid Ly move
withiGhasgese ASE GridiN Gy @ i ﬂﬂlﬁ:ﬁﬂﬁd@ﬁ \wBfendsaiogd bfdyl’d’“fid said

and second plate. 6. The MEM varactor recited in claim
fixed elple?dPDunps are 5 attached to said protrusions

are coupled to sol der bunps to provide attachmsnt to

i nterconnects placed in said th| rd substrate.
8. MEWheaMEMt gRrpeEPrederatefailth ¢lahRet eVhesain F‘Phg mo"’able
beam 4 4 a&&‘&dodr?dé&'k&b rg-)l\&atgfcéiﬁ@@@raeﬁfl 'r&n%etx% salid movable

respectively nove D wthi'n spaces forned by said
beam plf%tﬁﬂa@l‘ll@f%geﬁ@ errdichdf begforidinhtefi xed el ectrodes.

8. The MEM varactor recited in claim1l wherein said

novabl e beamis surrounded by air except at a point
9. wh8he ¥EMJ vawegbbe recited in claim 1 further comprising a

plurality of fixed electrodes, at least one of said stationary
electrodes providing a signal path between said at least one
fixed electrode and said moving beam, forming a multiple-port

MEM varactor.

10. The MEM varactor recited in claim 1 wherein the said
fins attached to the said movable beam are shaped in a

plurality configurations.

11. The MEM varactor recited in claim 1, wherein said fins
attached to said movable beam have a configuration that

maximizes the drive area to lower actuation voltages.

12. The MEM varactor recited in claim 1, wherein said fins

attached to said movable beam have a configuration that



beamis anchored to said first substrate. 5 9. The MEM
varactor recited in claiml1l further conprising a
w@bonabsotey of fixed el ectrodes, at | east one OPCEHEPI03/012399
stationary electrodes providing a signal path between
said at |east one fixed glgectrode and said noving
¢ af a t 0
mining R 2 R R b PR o e cr e S e g r B YPheeoe
requiattatbedisplebe saiid movablle beam are shaped in a
plurality configurations. 11. The MEM varactor recited
in claiml, wherein said fins attached to said
13. mhé)lmrbemimw@r areoifedjurmatd lorin Hat whemeednm sedsd ttiaird
rive.area to l.ower actuation.vol 2.. The MEM
Subst&?FgcﬁgrmnglngoFﬁagﬂg WFferwﬁgré?ggsalélf i'ns

attached to said novabl e beam have a configuration

t hat 04/ 038916 PCT/EP2003/012 9 16 m.nim z
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varadt@Uidoath i@ 1¢ics RInC & teplsd oFqvabl e bean1 13. The MEM
varactor recited in claiml1l, wherein said third
substfepPesisingde HIroF gRHFECHREEF i HAYDF WRranfrsh
subsgyﬁteA eihad 1Qft faRNiCaldiRg 13/ Chave gcb&oqaga@nbﬁa

varactor conprising thé steps o a) depositing
CaVlQYfﬁﬁQhﬁ@th%ﬁﬁch | ayer on a first substrate, the

f'EﬁtfglﬁhﬁgtéhQ b?XﬁérhéYh@gtﬁé heapladheonEaVhdyry with
etched therein; J b) filling and planarizing the at
sacrifdgmialomateavialy with sacrificial material: c)
fOEP“ EgrﬁngVébinSvQB@@ LhgrepRerddn depositing a second
dielectric Tayer on the first substrate and formng a

pl & afepysotiBennecerond dbclpetsiaplanee Peafeefirst
subsaﬁ%ccés'atdf%&ntlr{gﬂ a P181:20NM L JFRARINIR 8 RE U the

strat
movable beam;

e) deposgiting a first dielectric layer on a second

substrate;
f) forming a plurality of cavities on the first
dielectric on the second substrate, filling and planarizing

the plurality of cavities with sacrificial material;

g) depositing a second dielectric layer on the first
dielectric placed on the second substrate, and filling the
plurality of cavities with conductive material to form fixed
electrodes between the cavities;

h) forming raised contact pads around the fixed
electrodes;

i) removing the sacrifiéial material from all the
cavities to release the movable beam and the fixed electrodes;
and

j) dicing the first substrate and joining the second
substrate to the diced first substrate while aligning the
movable beam in the first substrate with the fixed electrodes

in the second substrate.
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f) formng a plurality of cavities on the first

dielectric on the second substrate, filling and
w@b@nassozé ng O the plurality of cavities w thPCT/EP2003/012399

sacrificial material; g) depositing a second

dielectric layer on the fiyst dielectric placed on

15. the,seropdogubst f@é?te@ngnféiéirﬁ]glfl hesy plukal ddpofsing

cavities wWith conductive material to formfixed
the stlegat rddes bet ween t he caV|t| es; 5 h) formng raised

copf aCEOB d3:8 {;Ogt@g%tg &&&% +e@1§]{10&je§ubé9ra(@é'r% NSbp
t he’ sacri |C|a rom I cavities

of tHeelszasmd haimeaitee tae]almp@rldstlh@gf iaxed geliedtingdgése bottom
and di the flrst substr an i.ni t he

of el HHTAS 6 R GO Fret SASELFArESini e

al llgndagotslﬁelngoaabielé)eamc nlajnerfmmcsertsedmstu rahe set¢dnd
the fixed 6g ect rodes in the second substrate. WO

SubStH5A 0 3H FOSF5125985 717 15, The method as

reabt edinfAngl ahe éécoﬁdr shestcauprosi ngp dhea sfepstlof :
fol | owing step q) dding .a third substrate on top
Subsrdgatt%é”l'éje%}b?ﬁos ﬁf%é‘grdﬂﬁ W;M—&‘ SRR & GPi'ndi ng t he
bOht)om‘éléaeﬁnghalseenedssubsftataltmabqaehame fhxatl the

cavitians el ectrod ‘i lfﬁﬁaeo de omt&&ﬁﬁ(fg@e tr| C &%Oﬁ’&nsd"la&eg

contg&ﬁnphdgﬁ 4red ni ng the second substrate on top of a
fourth_ substrate which.is ovi de th
|nPéré&ﬁﬁ@&PﬂonéndOJﬂ}nFEEegé?nngVFgﬁﬁebgﬁ@rF?iEP%ISecond
subst®desjals in all the cavities, and renoving the third
substrate to open raised contact pads; and o)
aligning and joining the novabl e beamto the second
substrate.



