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M CRO- ELECTROMECHANI CAL | NDUCTI VE SW TCH BACKGROUND
WOR00TMEBGBNVENTI ON This invention is general |y PEI/aSm™A3/034630
to mcro-el ectromechani cal systens (MEMS) especially
MEMS switches, and nore specifically, to an inductive
MEMS switch utilizing inductive coupling and
decoupling, and which is fully conpatible with
standard CMOS manufacturing materials and processes.
Swi tching operations are a fundanental part of many
el ectrical, nechanical and el ectronmechani cal
applications. MEMS sw tches have drawn considerable
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In order to better understand the present invention, a conventional MEMS switch will now be
described with reference to Fig. 1, showing a cross-section view of a MEMS switch having
both ends of a deformable beam 5 anchored on dielectric 2. The lowest level consists of a
dielectric material 1 consisting of conductive elements 3 and 4 which are used to connect or
form the various electrical components of the device. Conductors referenced by numerals 3
and 6 are used to provide an operating voltage potential that causes the beam to bend (or
deform). Conductor 4, which conducts an electrical signal, contacts the deformable beam when
the MEM switch is in operation. Fig. 2 shows a top-down view of the same conventional
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"El ectrostatic M croactuator and Method for Use
ExarhPfes SPAMEMS S8 rsih B6/sb0R %t the Sandia National Laboratory web site
(www.sandia.gov), or in several MEMS patents related to actuators such as U.S. Patent No.
6,328,903, George E. Vernon, Sr., "Surface-Micromachined Chain for Use in
Micro-Mechanical Structures”, issued 12/11/2001. Other patents specifically directed to comb
drive systems described hereinafter are to be found, for instance, in U.S. Patent No. 5,998,906,
Jerman et al., "Electrostatic Microactuator and Method for Use Thereof", issued 12/07/1999.

In conventional MEMS switches, as described, for instance, in U.S. Patent No. 6,074,890, Yao



In conventional MEMS sw tches, as described, for

instance, in US. Patent No. 6,074,890, Yao 2 WD
wQoe4Nme8638 PCT/ US2003/ 034630 et al., "Met hoPCD1S2003/034630
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It is a further object to provide an inductive MEMS switch that may be configured in a variety
of multi-pole, multi-throw arrangements and which is controlled by any number of MEMS
linear or rotary drive systems.

It is yet another object to provide an inductive MEMS switch that can reliably perform
‘hot-switching’, namely, switching while operating under nominal power levels. Switching can
be achieved at 1 watt, 5 watts up to whatever value the remaining part of the circuit can
accommodate since the switching is non-contact and, thus, there is no arcing or welding of
contacts.

1t is still another object to provide an inductive MEMS switch that operates reliably with no DC
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A four turn spiral inductor, with a metal thickness of 4um, a turn width of 10pm, and an outer
diameter of 150um, configured as one element of the switch, is magnetically coupled to another
similar spiral, directly above or below, yielding a coupling coefficient of about 0.85. When
these spirals are configured as described, a closed-switch insertion loss of 6.6 dB and a
opened-switch isolation of 65 dB is achieved at 13 Ghz. This yields an excellent on-off switch
ratio tuned to frequencies below 13 Ghz by adding an external tuning capacitor between the two
ports of the switch. Similarly, a one and a half turn spiral inductor, with a metal thickness of
4um, a turn width of 10Um, and an outer diameter of 150um, configured as one element of the
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conjunction with the accompanying drawings.

Figs. 1 and 2 are schematic diagrams respectfully showing a cross-section and a top-down view
of a prior art MEMS switch.

Fig. 3 shows a first embodiment of the invention, wherein a module of movable inductors
rotate about a pivot pin to inductively couple and decouple one set of coils from another. Also
shown are comb drives illustrating one possible mode of operation. Fig. 3 illustrates the switch
positioned in a decoupled mode to better view the stationary coils.



Figs. 1 and 2 are schematic diagranms respectfully

showi ng a cross-section and a top-down view of a
w@eioan7sasg MEMS switch. Fig. 3 shows a first ep@DUB20831034630

of the invention, wherein a nodul e of novable

i nductors rotate about a pivot pin to inductively

coupl e and decoupl e one set of coils from another.

Al so shown are conb drives illustrating one possible

node of operation. Fig. 3 illustrates the switch

positioned in a decoupl ed rmde to better vi ew t he
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Fig. 5is a top-down view of the noveable coil
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fuI crum Fig. 11 is an extension of Fig. 10 which
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movable cil§UAldoshowhtis hia cMEVBusivd focationary coil 40 to provide a multi-throw

switch.

Fig. 10 shows the MEMS switch configured with coils at one end of a moving fulcrum.
Fig. 11 is an extension of Fig. 10 which provides added functionality as a multi-pole switch.
Fig. 12 shows an arrangement that uses a rotary drive for a multi-position MEMS switch.

Fig. 13 illustrates an arrangement showing a linear (or rack) and pinion drive to provide
transversal motion to the MEMS switch of the present invention.

Fig. 14 is a cross-sectional diagram of the MEMS switch depicted in Figs. 3 through 5 with a



Fig. 13 illustrates an arrangenment showi ng a |inear
(or rack) and pinion drive to provide transversal
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switch depicted in Figs. 3 through 5 with a 6 WO
2004/ 078638 PCT/ US2003/034630 fully encl osed cavity
encapsul ating the switch. Fig. 15 shows the MEMS
switch of Fig. 14 showi ng an added upper set of coils
fully enclodedreaveity ¢neapsulaiinglthe ywitdh.g. 16 is a t op-down vi ew
of anot her enbodi nent of the MEMS device displaying a
. single turn coil_ and requiring only one |evel of
Figy} 5 shewysithe MEMSowiseh of Fiar 14 showinganaddied uppariset of kpils to enhance
funé&tit@ultya Cross-section of the device shown in Fig. 16
as seen fromdelimter CC Figs. 18 and 19 depi ct
the ability to fabricate multiple arrangenents of
Fig niévis agors-dows vieor offtanother embadithiengofaheoMBMS devise dispyingQ single

. l.e of i t t
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singl e noveabl e coil is used to make a swi tch/bal un
Flg'gl\?\ﬁhgﬁ’% Eglrolf n deigiﬁc%? ggg(ii n Fi 38@% ll1rpll511 i 12;6 gso%e%%gg H{s)(}{%{nzi?eqe
C-Cri g. 23 illustrates a top-down view of a |linear

arrangenent, wherein the coils are constructed

. verti Ly . rpepdicylar) to t.h | ane of the | )
rig (B apd 1 atpit K BSOUR Sl PulioteBiaPpanetis otfgovias coils for more
demahding applidations. 23 that illustrates how t he noveabl e
coil is constructed within the noveabl e el enent of
. the MEM5 switch. Fig. 25 is another top-down view of a
Fig. 29rshows ap prasngemeatapeble of coupling myzerthan two pairsof ¢oils ahatime.
shown in Fig. 23. Fig. 26 is a cross-sectional

. representation of the MEMS switch shown in_Fi g 25. 7
Fig. 21" illustrates how a single moveable coil is used to make a switch/balun (BAlanced-

UNbalanced) combination.
Fig. 22 shows same switch/balun depicted in Fig. 21 in a coupled state.

Fig. 23 illustrates a top-down view of a linear arrangement, wherein the coils are constructed
vertically (perpendicular) to the plane of the substrate.

Fig. 24 shows a cross-section of device shown in Fig. 23 that illustrates how the moveable coil
is constructed within the moveable element of the MEMS switch.

Fig. 25 is another top-down view of a more complex moveable coil arrangement similar to that
shown in Fig. 23.

Fig. 26 is a cross-sectional representation of the MEMS switch shown in Fig. 25.
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perspective drawi ng of the three-dinensional coil
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

invention will now be described nore fully with

reference to the drawings, in which preferred

enbodi nents are shown. Figure 3 is a schematic diagram

of a first enbodinent illustrating the invention in
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sw tches that can be accommodated to provide the

requi red novenent to the device. An exanple of such a
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switching mechanism, such as a power amp, a receiver and an antenna.

The mechanism by which rotation is achieved is not an element of the present embodiment.
Practitioners of the art will readily recognize that there are any number of MEMS switches that
can be accommodated to provide the required movement to the device. An example of such a
device is found, for instance, in U.S. Patent No. 6,074,890 "Method of Fabricating Suspended
Single Crystal Silicon MEMS devices" to Yao et al., which describes a method of fabricating a
simple comb drive or in U.S. Patent No. 6,465,929 " Micro-electromechanical system actuator
for extended linear motion" to Levitan, et al., both of which are incorporated herein be



for extended linear notion" to Levitan, et al., both
of which are incorporated herein be 8 WO 2004/ 078638
weRanAEEe03/ 034630 reference. Figure 4 ill ustPEr/es2005e34630
MEMS switch of Fig. 3 rotated to a position where the
coils are inductively coupled, nanely, noveable
i nductor 20 to stationary inductor 40 while noveabl e
coil 30 is coupled to stationary coil 50. In this
manner, a signal injected into coil 40 can be
ﬂﬁ@ﬁn@vctlvely transferred to coil 20. An electric signa
is transferred to coil 30 which, in turn, |nduct|vely
couples it down t Thus an electrlc Si g

Figuf diustraigs e MEp L s @éo%&wratedaw Rositiop mheéedthsaoﬂs are
1ndue@vély é6upléd) Rainbly, mogerble intiaster szo%hnirbﬁndiﬁVdraﬂ) While moveable

b
coil Fissopietite Sihitucal stbiiis RvEotveral it ted frdogit can be
indubiévehptransérredio cod 20eAblelectris sigral Bmnsidded ool 30 whlch, in turn,

. y i i | |

mdufzw b@@g el% %{%wﬂ_ FH ccbﬁl"!d T@@ 1561 él%c@ﬁé §%$§Qlltg&é,eé g af L&h smlgter power
ampjisapplied o eildD, an«étbe@fgnahﬂ@mhyougb the davirerta£oihg0 wgiiqhsnay, in turn,
be c@rgle@ﬂéﬂ tg’cé @Ndn Eﬁt‘éhr{a ' R"s‘,l?'x‘(‘.')ul&‘Béi th‘éH ¢hat a&cﬁhbna@ %‘i'lkeﬁﬁjf Bé ﬁart of the

asseR Rl oo e HGRTA] RGHQTAEH 1S Yk 6 i st yih eference

to Figs. Fi@unea@l i$2@ cross-section view of Fig. 5 taken
through ine A-A Illustrated herein is | ower
substrate 7 which contains the stationary coils and
Figupo$ sialiby-dowheiew ef astepbly il © dlnistrating(aods 26 lad/30 ardetheit inner and outer

. A i X i V
coil el 04 28 AORCRY. RRLHELRCHERL O BULy b ot
hereingBenwith sefeiepcectodds énce to al | ow device 10 to nove.
The hei ght of the shoul der determ nes this clearance

to sone degree, the level . .
Flgu&eog 513 $195% %?@ﬂmgzsﬁews@fﬁﬁ tg'ﬁﬁ%b@@s 5@6 grrgt ﬁ%lsgﬁafé‘rheaqm is lower
substr@fe0FAwhioh Wﬁamﬁ e stadrionkry cdélp emtﬁpcmglbl}mthéﬁelatb‘dcdufchﬁry (not shown

rre PR 2 sl SpRiod B ) R Bl By e 7. o
shouldee padiidestthe néceshanyi deararks to ellowdevite tetoymovesr Betheight of the

shoum& '&Eﬁ&mﬂ'ey 1@%&9? d&ggﬁ'gg zﬁé-‘aeéﬁ%p?x@ 1vel Epgﬂ"é e%@?{)?éouplmg the

coilsp e’B@sségulylermé ©n &g erder off190P 0Y¢9pnaﬁhwh dependisg gndhe specific
applREFGH. dl‘l’il%x%ot ﬂlﬁ 906 @medifdd withiA kkCarkd b tHE BRI P ¥nd RE size is

sel ectign
determmeg {)y the a%lhty o? device 10 to move freely thereat without binding or significant
wobble. The diameter of the pivot should be sufficient to provide the necessary mechanical

reliability, and it is scaled accordingly. Its diameter is also influenced by the selection of the
material and by the process capabilities. Likewise, hole 75 in device 10 is designed to
accommodate the pivot pin such that the desired range of motion occurs without binding. The
height of the pivot is scaled to conform to the thickness of device 10. By way of example, if
device 10 is 3jum thick, then the pivot will occupy a substantial portion of the thickness in order
to reliably retain the device. Preferentially, the pivot is made slightly taller that the thickness of
device 10 so that the top shoulder 85 (see Fig. 14) is contacted by the pivot to enclose and retain



materi al and by the process capabilities. Likew se,
hole 75 in device 10 is designed to accomobdate the
wp@raen78s881 such that the desired range of notiPCI/USIO3/E34630
wi t hout binding. The height of the pivot is scaled to
conformto the thickness of device 10. By way of
exanple, if device 10 is 3 pmthick, then the pivot
wi |l occupy a substantial portion of the thickness in
Qrder to reliably retain the device. Preferentially,
the g¢¥Cei vot is made slightly taller that the thickness
of device 10 so that the top shoul der 85 (see Fig.

i s, contact.ed the vot fto cl.ose and retain.9
Fiedigy bR SRS YR hoabotsa i Samish oF RS f<Ba opt fierent position,
deﬁnedbyticipnﬂievam-BufmﬁlnhertLhemﬁge&bl e portion of device

10 seen froma different position, defined by

delimter B-B, for further use in Fig. 8. Figure 8 is
Figuge 8ip a sTaseseqtion peespegvef Fig. diseqm @omﬂebm@ar BrBnit specifically
illusttdsthd €pp eBc&mebﬁor?Pf—‘Eétﬁb@rﬁﬂhE )éoﬂd iﬂd‘*l:ﬁ& 5@RH$60 ﬁgég tH E‘eﬁﬁfgate the

ectlon 35 t he coi e studs
mulf gV PSRt n R e Rorr BYCiPraLiAQNFiaist T Fhivm8aea, 1 internal ends
of cbily 20 ad B0 &qbi tiedihterdvaitiedtal. SThel dutdritofnd®Rr2Slis bilift®n the same layer as

f s 2
the dlisGE haRRiT3, Aotk nbishine i P e s s apppmpppment is not
the erdyron¢ thatis passible.Hagures 16andrid, desdribed henemaficiowill itlostrate coils that are

con§tﬁ&t€dﬁi%ﬁ§#ﬂ*foné fevglibq%lqlnﬁe noted that this

arrange s not the l'y one that is possible.
Figures 16 and 17 described hereinafter wll

Fig. '9| 1llu§:'r'd't@§2?se§@dd énﬁcﬂﬁhelﬂ 'b?the(i@sfb‘hh?g g&gﬁéﬁé@g&w P8lmoved fowards one

end GEHHGPeRG PORION oG et 1 D ANGHAS T B Otary oilss 4380b S are
incorgorated alonpside esith 40fantt Ise Thiy ilAgtrpes bhdietbbd bh@ctﬁeﬂ){ﬁg:@multl- throw

ana&%eéxge:}ng ofhdtgg éﬁgﬁ%lm s gs‘llrltﬁ R Lllgﬁ Ocﬁé Bg gd Ligd to any of the stationary
coil$ 42,45t anuk ¥s 'Hwenpmtmﬂnd moivezhiicailsiingnppliediby coupfling olve stationary coil
40 16 %i"flg@ € m& ipl\Jé)P anhi% 1i¥s a?ﬁg SHRBL of 340 it ?&BBH% 1n%§ét|1veiyscoupled to

he 'stati onaty

40 a&ﬁtﬁ @cheﬂi@efotamﬁu f@s ﬁhPWlhlé Fig\Wda bWhereléilqombl driveUByik prghgbd and the
devi€® Lf@ia'téég:ohﬁl%rcﬁck{ws‘%n%ﬂe &S1ls!42 ah8 3000w 'ab 53@ bec@nﬁqﬁductlvely

Iﬁ?—é{l pin 70 lies at the center of coil remal ns
COUl'ftuctivel y coupled to 40 as the device 10 rot at es,
as shown in Fig. 9A wherein conb drive 13 is engaged

Fig. 39%}:{%\83 gﬁdevg\e %{ﬁ RS é)g‘ glijerelxt eﬂ'ﬁl{?gtc Y%“gpgp movealalee coﬁs 55 and 30 are
constructed at one end of fulcrum 11. When they are moved, they couple and decouple in pairs
with respect to stationary coils 40, 42 and 50. Fig. 10 shows the device 10 in position for
coupling to stationary coils 42 and 40. Fig. 10A illustrates device 10 after being rotated
clockwise by comb drive 13 such that coil 42 is decoupled, thus allowing coils 40 and 50 to
couple with 20 and 30, respectively.

Fig. 11 illustrates another implementation of the invention, wherein the embodiment of Fig. 10
is extended to include a plurality of movable coils sets to form a multi-pole, multi-throw switch.

10



coupled. Fig. 10 shows yet another enbodi nent of the
i nvention, wherein noveable coils 20 and 30 are
w@omwenrasst ed at one end of ful crum 11. When t hBGT/E8M03/034630
noved, they couple and decouple in pairs wth respect
to stationary coils 40, 42 and 50. Fig. 10 shows the
device 10 in position for coupling to stationary coils
42 and 40. Fig. IOA |IIustrates device 10 after being
rotated cl ockw se conb drive 13 such that coil 42
A symmghiicalgamdigurationdo welmswrtm Yig. Ubisamerl ®Oeplicatethapbid

arrawgérﬁeﬁ% Qf ngj 180whér&in @%bha\{'? kdvils 43.4-40Alard! ﬂdé?ér[a ?ésﬁéctﬁ.llly coupled to

anot h tion o entl on wher el
mo G bl A0 B TR s ohGre Pachét ol e Feiaied o ivor pin 70,
Fig pl litlasdtidtes thé daﬁvaﬁjcﬁ tieicbifs 20e4rRl 300art Qiducavely boupl@Plo2 and 40,

e TRTTE VIR N0 - ——

In Fagd 14h ﬂlmsame devige isishoiva ini & domplemeplainc positidniefter being rotated

clodfARTARITRR o il poson, SR 20 ShcEi Pt BRI oS rélfiRaively, o 40

and 30 A BRICcHS 20AT 0 are govpledhioct GAoac, T rsegtivel
rotated around pivot pin 70. Fig. 11 illustrates the

Fi 50 S b G5 PO A Gebpcoi devi 107

actlmtvdlbs' aﬁ@ﬁtryl deiva bt @licﬁvrt)@@lpﬂo@dletrmlﬂotdoﬂe $atcling Pidapplication is

espdoliTB i vintfacbus, folinslofee, Kit-band BELARNE oA FiohiE phne i rives are
knowhau khei agtp abd/ fidlyi descrit@d, ¢.g, inHiS. PatenttNard, 40403995 High Berformance

Inteéﬁt@rlﬁlgg(? ?(Wﬁ&tgp'lm 'V%g%no Ei% ?2%%%%?# e(/f?:ejg X"ﬁﬂ%‘lg 8gand 30 coupled
to staiennsy. epilacd/and 24\, raspeativslis @&tl%ﬂm&th@d@mﬁ st rotates

clodkti}?se' s?&’lgﬂigt 8sllsi 20 A i30Rrd Ak BBIHY © 400ind 4@@,’ k‘ééﬁe&f%lys This
uat e

clodhirotagninodst Bk Arvies Tt sbdbiet AL 4 respegieivpypled to 50

and adma Rtoweﬁ wsay fhaheriertehédincaclodkevisdxdiredtionfdr ottien Gorﬁlilnatlons or it may,

hones. . The [ .kng
at tl}lwcrlg}t 8 Ffssg &o rege% tfle ﬁ% (?P%lpllﬁ%?é\@ geci%lpﬂ%g @15 Aﬂ@ggg coﬂs 20 and
30 withi tdhk r@pctﬁtmerstatmearylcnﬂs gFletrethryrmotion aat baingratted ¢o device 10 by any
j vice 10 with coils 20 and
n“"&%‘?@%b‘%@é uré&li%@o‘hgﬁyggm s 42 and 42A,
respectively. Fig. 12A shows the device 10 as it
Fig. r1@tlﬂﬁ§ﬁtes‘3}ep§lﬂh&%nﬁ%ﬁ1éﬁ‘@ﬁ th%%%%tlag irfflich Ae®cE 10 W ¢onstrained

l ed to 40, .and, 40A, respecti Thi's
by ra11 1% or trench gulde and is moved tr; sverse}/y via a linear drive or as illustrated using

rack 17 and pinion 18. The device as shown includes only one stationary coil 42 and two
moveable coils. Other coils may also be incorporated below (or above) device 10 adjacent to
stationary coil 42 (similar to 40A and 50A in Fig. 15), all of which are not shown herein for
clarity. When device 10 moves back and forth, it couples and decouples to and from the
various stationary coils positioned below or (above the device). An example of a rack and
pinion MEMS device is described in U.S. Patent No. 6,305,779, "MEMS ink-jet nozzle
cleaning and closing mechanism" to Capurso, et al., which is incorporated herein by reference.
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cl ockwi se rotation noves the, device further such that
20 and 30 are, respectively, coupled to 50 and 50A
woroi0an7ssss may further extend in a clockw se di PEDUSIN3/034630
for other conmbinations or it may, at this point, be
reversed to repeat the stated coupling and decoupling
the nmoving coils 20 and 30 with the respective
stationary coils. The rotary notion can be inparted to
device 10 by an nunber of neans currently known in
Figy Heisararossisgetion] viewuithaicasmplgted deier bring tatdibycinoepsulated for

reh&lﬂﬁty' ;ﬂx\‘}%h%é OPhé RWO'@F bt‘iﬁotﬁ?y L&R 4b0an'c1350%?@ Sodsfubed |at Y bottom

r trenc \Y [ansver se
el o T AR or a1 e s nd

fabifiéatédowitl the shhie rigturidl Qs aSplsﬁl@\dll”eledﬂﬁd lasi@@oo ntawi 'lQ 1s formed within
stationa

ciel§Pb ISRE 0% 8 proyides B st npPeBLRb LBt HbiRFID: cnnes delectric

layerad Oadpraaswdevu@ 10s4ngdtprovidesyadded inedianfcal sippart td thedbriicaing] as shown
i i t sh h in f

by ot 8p Shifackas. coer Ol AR 7820, "anaTorth, 1t

coupl es and decouples to and fromthe various

Fig SIﬁE 'siﬁﬁﬁ{r)(o Fiy h4 eRQpt tHaPthe %r*ﬁ% ﬂlﬁs&ﬁteg ﬁ@@‘éﬁdft’\gﬁ%} functlonahty is
Xk} exanpl e OL%Ra]é 3% H
atta}ng 3 aﬂ%a itigna 14105‘%‘ Adgdhertpg, dwlml%k

jet nozzle cleaning and closing nechanisnt to

Fig AL B Boyor 6155 1 B el b i whGaechemt sy ciminates the

need forisgida (such 856G e Figod)a | This embodiment mm;ﬂmb theabnstation of device 10
but ﬁlﬁésr}?’t LR 'fAry FrQﬁﬂ&ééf&éSﬁ&’ tﬁ%[eforé %%% mn\ft RUSORY Gertain

ouer Statl onar are con
apphgatione BelimienC Gmp@é@sfa refarenge forthe meﬁ-sqcuml Mcw showarin Fig. 17.
shoul der 80 is also built on the sane layer 7, and is
ated with the same mater opl anar

. fabhri al ..
Fig, a5 & AT {oRJAER U & Sy rsBSHonal view OB HiegHughira shawn delimiter C-C of
Fig.dice T’ figure mempa@%e tttle pfe@iémsllgsleﬁdmed Flag: 3 tﬁﬁflig%s%@féé the
in vi ce er dielectric layer
mulL%g %#;\ggm&g\;ecieéf fcfb s%‘lﬁib “@5@*\9% es added nech ax i cal
support to the structure, as shown by way of top
Fig. 51*3%‘*!& %Bot%ér@%dﬁ&l‘let%te}ﬁ'tlﬂxﬁ%ﬁ?ﬁ {hﬁ\? Qt?lif %Tgl}xltlilqgf? ving deyices 10 and
10Arslatize n statmmry ¢Qihdd i ma Hevjcessan he forimed at Werent levels of the
strubtﬂ?eo GR Bk e ﬁ@% ks éhea»h iff ng $9 ﬁ%vaﬂéal %Qgﬁyﬁlg %ﬂﬁoﬁe Yan two

. .dielectric op- down vie
induggprs ONguEE eElgo}gShowawwb I¢ fgilssKhandel OAniaa decoupled state, while

Fig €19 ilfistak&@3hé B&vices of Fig. 18 in a coupled state.

Fig. 20 illustrates the construction of an inductive switch containing more than two coils, the
triangular substrate rotating around pivot pin 70. In the present arrangement, coils 20, 21 and 30
are shown coupled to coils 56, 41 and 51, respectively. The misalignment shown is intended for
illustration purposes only. If the device is rotated clockwise, then coils 20, 21 and 30 end up
being aligned with coils 40, 50 and 55, respectively.
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need for studs (such as 60, in Fig. 8). This
enbodi nent sinplifies the construction of device 10
wheio4ates3s not al |l ow for spiral inductors and, PCT/US2003/034630
therefore, may have limted use for certain
applications. Delimter CC provides a reference for
the cross-sectional view shown in Fig. 17. Fig. 17 is
a diagramrepresenting a cross-sectional view of the
structure shown delimter GC of Fig. 16. This figure
Figi 21 dlostpatesthe enductive MEMS switcisinya dbesmﬂécbsiakeFWbereﬁh | dﬂ@gle moveable

coili is ggé?it 3)&@\;}('1_& Q%l{%ﬂlﬁzﬁu Iﬁl';ln Ife P‘gse ngrﬁg)% h? yh émpedance
maﬁcng mmi Bal umfa@ctmns B$ we asrswmlpmyrﬁmam@d b previding different

1ndt3(Qzﬁacé hRies ¥pbf fpﬁeﬁtlb@cﬂi&hy witflin thSthdudfhRS&viflgVi ces can

be fornmed at di rent levels of the structlre, such
that they nove as shown in Fig. 19 in a vertical
Figc2ifiustregescthe samedévicroft Rig. 21 iickhe coupledaire U M®able)coil/balun 20A

vea coils 10 and 10A in a decoupl ed
coug gwnﬁ%\ﬂﬂpﬁgﬁmg}%g a?'g I(iOB%l{rfe &s the devices of Fi g.

18 in a coupled state. Fig. 20 illustrates the
Fig S 00 ke S, SAUEEELUENSH, VDO Sl T Fon

movgablg gl arwsf;sﬁlqﬁedmertwlyrqwemee@éwr terthe plgaeefithe sulmtnam 10.
20, 21 and 30 are shown coupled to coils 56, 41 and
respective he m nmant sho [ nt
Fig fs%l shoys 2.5gss- QFQ%H Q;E moars Wangppep%ﬁ?@g lgstratmg how the
moveablatceil 1s:¢amskmtecbw1thinanomble$léﬁbnt 20. Bipd23A shéwdls imore detail the

conlef B 0S5 258 oy RRERE) B RIS e

forming the bostosspartien pfidke dndugter lgaps  Thistpedeessis ainidar doplsaddard
damab@hé llné"ﬁ%p ' Lrhg@r B 'cBHﬂaﬁlsgSBn}(’)tﬁﬁ? B?the %ﬂfelr ahd 1dﬁ§199erg9al conductors in

r lun c I nati o
the gpawsowg fgst ehﬁﬁ%é@l@f ﬁamsmqﬁgsnaﬂ@r tBéhmdpaﬂ demascerssstructures

proﬂ&m?&ids ang if¥cbiittcd lides ERRP C%nﬁihsﬁh@ﬁ}bp@r BGrtlon of the vertical
dif ent nduc{a?nce val ues . at a r| a, | ocat i ons,

loops;and the ynper q{&% gondugkor 1ch|go§1 fs} 3ga8 jyshas in a dual
damasoene denstroetiof. Iiygr D4 justa tdpénsmmmge@es that glso %Né@dhé 8urpose of

enoi e Wl o RnE AR, "L Zoun Vi'ew of & || near
arrangenent, wherein the stationar y coils and the
Fig. BE &R ?%3?% PO\% ‘31e9s9515% glgfé‘et o?ﬂ Yﬁ{a Su i(eyco arrppgement similar to the
one 1llusPrated in Fig. 23, while Fig. 26 is a cross-section representation of the structure shown
in Fig. 25 with coils 20 and 30 in a vertical three-dimensional structure instead of the horizontal
two- dimensional coils described earlier. Fig. 26A shows a perspective drawing of the
three-dimensional coil arrangement as illustrated in Figs. 25 and 26. This arrangement is
constructed in a manner similar to that described for Fig. 24, wherein the various segments of
the coils are constructed in layers as is, typical done in damascene or dual damascene
processing.

The inventive inductive MEMS switch of the invention displays an increased efficiency at
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Fig. 24 shows a cross-section of noveable coil

arrangenent 10 of Fig. 23 illustrating how the
worpaeatdess coil is constructed within noveabl e BCEDS2903/034630

10. Fig. 24A shows in nore detail the construction of

a vertical coil. The structure is fabricated in

multiple layers with ayer A formng the bottom

portion of the inductor |oops. This process is simlar

to a standard damascene line |level. Layer B contains
highes fieiquensiess tq aliovo deareasingdhe sine of the coil cddcrenseshsahofrequency of the
. Sas: . o
sigtef el AR TR R e ARiclenrs itied by MR RRs B dhpling between
switghing copponeite r This magnelis field gqupling pepvidesbstieninpartiom boss
chatsRREIEti (3 higher Aéquehidieswithaut alcorrbspORdin@Bekréfi8 inRBRfion performance.

.hord zoptal .conductor .whi ch compl etes, the coil (s
Thig el beradi el fréMehitsf B Do e Fer e g
performandeles typical apetilns-mendliand chpryitive stvittheslas higher frequehéies due to

. C i .nkot ect .
LB iy AR AN Lk oo
swxi_ebese@bloglyd@m_dle&tpér@w[abyi wﬂiqrgas thecprps_m;t inyemtions can readily handle
upwards U588, (The ekitbient %Pel‘ﬁ‘_&bﬁ 8 Higiee ﬁ%ﬁhén%ie@ is contrﬁnsted with the
. Cross-sectio represen,atll on . of the structure shown
incregsingly poorsp angsiof ypsepl metpl-sermetal and ganaciiyp switches at higher
frequblicés dliert® bl dedidasifif (Softioh Peifbraiaadinhe sWRcRBpZARER

two- dinmensional coils described earlier. Fig. 26A

shows a perspective drawi ng of the three-di nensi onal
Anathérladeantagegdnininverttionl residdsria thedchbility 6f genstidiimpnalswich/ transformer

conf g5 LT g AT k4 T TRBELTY s porionr
the indyetiversvitsh appiepriately, thednput god sutpuicimpgdanee (ofigherssviteh can be
adjusted ihddpeidintl¢lOThis! AARAHER GRORs RIr ,itﬁH&iangéﬁﬁt%ﬁf?xgﬁang f,sintnF]lteaneous

.processing. The inventjve inductive MVENS s ]
SwitChpgrA SBRFLd o8 l&ygﬂ%oﬁ%ﬁr@ﬁ eRean; be; 93M trcreatga gipgle-ended to

douBRQALET E6ii38rt &1 Dot ProvitidiBsith sﬁ'itﬂ’ﬁﬁ% and g B6hRSsion B a single
al 1 ow decreasing the size of the coils decreases as
¥fie frequency of the signal increases. The increase
in efficiency is achieved by the nagnetic field
-] . i i ) i i .

PR WA S A AERALST grl ey SRy s o
underisipod thas magy iabernatives ghdificatiang anhvarétions wilbbe apparent to those
skil el arpendiiag: S6RE ﬁﬁ?éin%tﬁiohé@!@&i {bnp%é&rﬁ{ﬁgﬂe & is inttidid to

efficient operation at hygher frequencies 18-
embgpsigrallsuch aligsyatives, medifigations and vasiggipns which fall within the spirit and

scope of the appended claims. All matters set forth herein or shown in the accompanying

dev

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

What is claimed is:

14



performance of typical netal-to-netal and capacitive
swi tches at higher frequencies due to their
waleanpa®Bsg i sol ation performance in the sw t chPeDPBEIV03/034630
state. Typical netal-to-nmetal swtches can only
handle 2 to 3 Gz reliably whereas the present
i nventions can readily handle upwards of 25 GHZ. (The
ef ficient operation at higher frequencies is
contrasted with the increasingly poor performnce of
typical netal -to-netal and capacitive sw tches at
CLAINMf®r frequencies due to the decreasing isolation
performance in the switch-open state). Another
advant age of the invention resides in the ability of
1. corssamicendugtos migjorelestromeghastienl (MEM)owvitshisamipoisingor
built-in i rrpedance mat chi ng. By selecting the
i nduct ance of ai ortion of the inductive switch
appt ?tiogfé‘ﬂyegliﬁé’ URSHta%Ynd out put i npedance of the
switch can be adjusted |ndependently Thi s adj ust nment

[ d t Il .
it e BB & eliBivEY SR RoR PP HE NP Rm oyt of said at
leas‘cme heveablelindustortwitlcresprce toasagi atdéast enedationary inductor electrically
couflBBEHERIAR ARTUTELPnPholabInd AL T8RPl o gt one
statipggry éndugtori nvent i on has been described in conj unctl on
with a preferred enbodinent, it is to be understood

th al.t ernatj ves, erdi i cations, and vari ations
2. wilh eggg%mg Ay Tecteq sk %@eﬁﬁ?réempﬁsmséﬂam mepns ceppled to said
at le@dt onbencvbable mntiopned description. Accordingly, it is

intended to enbrace all such alternatives,

nmodi fi cations and variations which fall within the
3. spiTheMEMcwitch@p eecitbd ithaaiapp ehereth saidatiieast ddd mowdabkriaductor and
saldg?feagt(ynk Qtah@ﬁﬁ% ﬂbaglfstlo?ntg%‘r’\%ﬁ ee?té%é‘fgﬁe&f)én IF{’?ﬂ?’s a1 second planes or
subs@es! i niting sense. Wat is claimed is: 14 WO

2004/ 078638 PCT/ US2003/ 034630 CLAIMS 1. A

corup REFHEz ot s Fesled Ml RGPS SER ARG A ghaleable platfor

aboﬁe&ﬁ&ielo@sﬂsandmwﬁdpran@n a st at| onary substrate, wherein
the relative novenent of said at

5. The MEM switch as recited in claim 4, wherein said driving means are external to said
moveable platform, said driving means providing a rotational movement.

6. The MEM switch as recited in claim 4, further comprising a second and third inductors
on said moveable platform interconnected to each other at respective ends thereof’

7. A MEM switch on a stationary substrate comprising:

an arrangement of inductors grouped in close proximity of each other, and at least one
inductor separate from said arrangement of inductors; and
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| east one noveabl e inductor wth respect to said at

| east one stationary inductor electrically couples
wa@pa4desseripl es said at | east one noveabl e | nduRCDUS1003/034630

and fromsaid at |east one stationary inductor. 2.

The MEM switch as recited in claim21 further

conprising driving neans coupled to said at |east one

noveabl e i nductor. 3. The MEMswitch as recited in

claim1l wherein said at | east one noveabl e i nductor

and said at |east one stationary inductor are

respectively placed on a first and second pl anes or

substrates. 4. The MEMswitch as recited in claim 3,

whéweiipdustarg|infereenineptied treedch otherron eablatingplatfbon,whextiowae of said

induRfor§6h QMG ?&hﬁhgﬁﬁ&tﬁﬂ% Q{eﬁ{h%i’ve@ coﬁf)‘l@s W&@ﬂ#&@%&%t‘ said inductors in
recited in.c erej n driving

said aprapgeragnt pSI@Q?tars%%%t@ngf ERUFHERlaELY Wile thergeond inductor on

saidrreaatiag platfotm lcﬁlg)l@s amdtcﬁbdnqﬂ@ saimit ¢aRNéne ifducttisepditde from said

arfag%\'gg%%gogwgu?tc{so %ahin y rther conprising a

e
C ma@' Sugﬂ ai%“ d noveabl e platform
i nterconnected to each other at respective ends

8. NEHRAIEM swifth M5 Yeciidl if Bafi7 %vh%} 5‘ ?Jtéfnr%gﬁﬁttﬁgr% s attached to a
conpri sing; an arrangerrent of u ors

PlV%PHS@OﬁPGR‘Hhefe? .of each ot her, and at Ieast one
i nductor separate from said arrangerrent of inductors;

2004/ 078638 . PCT/ US2003/, 034630 .t |nductors
0. ot S SOGH a8 Seiad it ey verein s RPN RiptRIbis pitached to a
ﬁ;lcmma rseidrfulenem edtatirgg aboutishid pivospinat 6% ehdribéradf. g
platformalternatively couples and decoupl es one of
said inductors in said arrangenent of inductors by
10. t he\ MIMswgoh odmpmsing:i ng platform while the second
i nductor on said rotating platform couples and
decoupl es said at | east one inductor separate from
saidirstand aprpafarrengsment abiadestarson asdatignatyaubgrae,and
substrate. 8. The MEMswitch as recited in claim?7
wherein sai.d,rotati latformis ttacgedtoa ‘!) E
pi ﬁwgtpalésngil industors,saidjwo pairs respectively placed on two moveable platforms,

said moveable platforms being coupled to each other at respective ends of a fulcrum, said

fulcrum being attached to a pivot pin allowing a rotating movement of said moveable platforms,
wherein said rotational movement couples and decouples respective pairs of said inductors on
said moveable platforms to and from respective pairs of said first and second arrangement of

inductors on said stationary substrate.
11. A MEM switch comprising:
an arrangement of inductors on a stationary substrate; and
a moveable platform rotating about a pivot pin, said moveable platform having two

inductors thereon, said moveable platform allowing each of said inductors thereon alternatively
couple and decouple inductors of said arrangement on said stationary substrate.
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9. The MEM switch as recited in claim7 wherein said
rotating platformis attached to a fulcrum said

wo 2doa/0tssBs ot at i ng about said pivot pin at one BPEMUS2003/034630
thereof. 10. A MEM switch conprising: a first and
second arrangenent of inductors on a stationary
substrate; and two pairs of inductors, said two pairs
respectively placed on two noveable platfornms, said
noveabl e platforns being coupled to each other at
respective ends of a fulcrum said fulcrum being
attached to a pivot pin allowing a rotating novenent
of said noveable platfornms, wherein said rotational
novenent coupl es and decoupl es respective pairs of

12. Sa'}gsé gg&&u%{o?nﬁﬂti-ipﬁ’e' iq%’@i\@ I@Isgsliﬁhfc%l sing: and from
respective palrs of sal I'rst and second ‘arrfangenent
of inductors on said stationary substrate. 11. A MEM
SWaﬁﬁﬂraﬁWihéicf&'soﬁlﬁs&iibﬁdﬁi%ﬁ&ﬁtate‘?f i nductors on a
stationary substrate; and a noveable platformrotating
about a pivot pin, said noveabl e platform having two

| NGy Gast shelilRicRPdn aSAdvtable\pEalre, pidiroving patkawi ding coupled to

. each of sai.d indyctors ithereon.alternativel coupl e .
Ve STy e A by PBroragir o 899 iR Binis Pt Rt rEspect o sad
statiohartyisobsiraye, saith stoveatde plagombDe@qling 7@ d&®upling said at least one inductor

k : ' tor nulti-pole
to s AP A0 on e Bl SABEME DL 211 Ly o
i nductors on a stationary substrate; at |east one

13. Ln%tse&i&ﬁd&tgqﬁ&dﬁbé&g Ridatwy MEM%WCW%&E?@{@H&F{ 19, wherein
..being cqupled to , driying, nmeans providi ng a er.a

saic pyStore GBS & SiaEls SRSOLIETPCoT BI AP B e Gpapledgpps
said stationary substrate, said noveable platform
coupl i ng apd, decpupl i ald at | east one inductor to

14 gai Seﬂf‘%?’é%‘;ﬂf l%ﬁcﬁ‘ﬁed%@ Isgfﬂglhc%}gﬁ)rés "& ati onar y
substrate. 13. The sem conductor mnulti-pol e inductive
VE Lt eh . It ' | a 3, wherein said
in%2%&@#@@%@??#&?”%%@%%6% osed | oop or a spiral
of consisting of rmultiple |oops. 14. A sem conduct or

| Ndyptdaie ol E¥Est &dh ©PERA kb Pair being respectively placed on one rotating
platform, each of said rotating platforms having an end thereof attached to a pivot pin, wherein

the rotational movement of said two platforms alternatively couples and decoupled said pairs of
inductors to and from said at least one inductor on a stationary platform.

15. A semiconductor inductive MEM switch comprising:
an arrangement of inductors on a stationary substrate;
a plurality of interconnected inductors on a rotating platform, wherein said rotating

platform couples and decouples said plurality of interconnected inductors to and from said
arrangement of inductors on said stationary substrate.
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at |l east one inductor on a stationary platform two
pairs of inductors, each of said two pair being
WO e@poTieds/el y pl aced on one rotating platfor mPCrES1008634630

said rotating platfornms having an end thereof attached

to a pivot pin, wherein the rotational novenent of

said two platforns alternatively couples and decoupl ed
said pairs of inductors to and fromsaid at | east one

i nductor on a stationary platform 15. A sem conductor

i nductive MEM switch conprising: an arrangenent of

i nductors o stati.on ubstrate; a.plurality of . .
16. | ndbp somenmustor P S MEMIOEh of itnginboitiny g ferdin said rotating
platfohmrieattached th a pivettpimgn op hlaut dhencentzn pf gravity of skt mtgtingplatform,

. ' -al | [ r t Laductors to and from
saldigx%og pma%%%%%ng% 0?31% Bflansg%@? 0 Ssﬁgsr;d'aggi d stationary

substrate. 17 WD 2004/ 078638 PCT/ US2003/ 034630 16. The
17. Se &anesHdueior MEMGHW¢R-sWitbh s¥inbmbti@cdisddped in claim

16 wherein said rotating platformis attached to a

pi vot pin on or about the center of gravity of said

r Ohgﬂﬁrﬁmypﬂf&tﬁm{dﬁs on & 8fiatloiry siibsprage; bei ng anchored on

said stationary substrate. 17. A sem conductor MEM

swi tch-swi tch conbination conprising: a plurality of

i ndustaing platfeamdiawingan beast ane baductor ghereon; seiditatating platform rotating

t.f i | i her. i . .
aroufl it e A  an o Her ARl G 1 bbiE fbred i fid stationary
substraten 83id gotatingaplatform altespasiyely @ap@gﬁr\ﬂd@cwmmsémdgﬂurahty of
indudfRSY £1d fRyn 5AH thdbbRE bR BAH ¥tatiohdr§ siktate. sai d rotating

platformalternatively coupling and decoupling said
plurality of inductors to and from said inductor on

said stationary substrate. 18
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