14 June 2005 WD 02/052592 PCT/ US01144454 NMEMS- SW TCHED STEPPED VARI ABLE
CAPACI TOR AND METHOD OF MAKI NG SAME BACKGROUND OF THE | NVENTI Ol Rireé @305
the Invention 5 The present invention relates generally to a nechanically
switched capacitor. Mre particularly, the present invention relates to a
capaci tor be stepped by nmnechanically switching on and off

addi ti onalﬁgor?slg%%s of the capacitor. Additionally, tﬁ‘éﬁU@ ’é‘ﬂiﬁ‘ed capaci tor
may be nechanically variable. Description of Related Art 10 One of the
difficulties of integrated circuit packaging is that sel ected | arge,

usual |y pasMEMSENITCBEDSTEPPER Y ARMBIFCARNROR ANCMETHODIO AN i nt egr at ed
circuit (1C, have structures that are not conpatible with integrated
fabrication of the traditional A8KINESAMEBponents such as field effect
transistors. Some conponents nmay be placed off chip, but their flexibility
may be |imted. For exa Ie, r|or art on-chip variable capacitors are 15
based on vaPaEhEROY LHEINVERBON hat have a tuning range of |ess than
about 25% Furt her the i ncreasi ng conplexity of m croel ectroni c devices

such as conputers and hand- held devices, has given rise to an increased
need for V\nng-ﬁsd—@&é@’é—'“&ﬂ operability in passi ve devices. One exanple is a
varactor that may be used as a conponent in a conputer or in a hand-held
devi ce. 20 Fi guffé3 presprd inyengioryelatag geeerafly &g reschanicallyswitdhed ceprcitdnat i | | ustrat es
basi c conponents. Included therein is a capacitor 12. CapaC| tor 12 may be
a variabl e Mavﬁam%ﬁﬂyat'm%e%ﬁwnraww%?wmmﬂbésw ¥ art varactor

di ode technol ogy Pas a fl-l n effect. 14 June 2005 WD 02/052592
PCT/ USQOI / 44%eshanicall sw1tchmg on and off additional portions of the capacitor. Additionally, the

stepped capacitor may be mechanically variable.

Description of Related Art

10 One of the difficulties of integrated circuit packaging is that selected large, usuaily
passive devices that may be placed on silicon with an integrated circuit (IC), have
structures that are not compatible with integrated fabrication of the traditional active
components such as field effect transistors. Some components may be placed off chip, but
their flexibility may be limited. For example, prior art on-chip variable capacitors are

15  based on varactor diode technology that have a tuning range of less than about 25%.
Further the increasing complexity of microelectronic devices such as computers and hand-
held devices, has given rise to an increased need for wider ranges of operability in passive
devices. One example is a varactor that may be used as a component in a computer or in a

 hand-held device.
20 Figure 1 isa schematic view of a circuit 10 that illustrates basic components.
Included therein is a capacitor 12. Capacitor 12 may be a variable capacitor, also known

+ as a varactor. The prior art varactor diode technology has a low pull-in effect.




Additionally, prior art nenbrane capacitors have a capacitance tunable
range that is limted due to the voltage exceeding the criticafl4wuna®@d05
(Vc) thereof. At Vc, the nenbrane coll apses and the capacitor shorts out.
Additionally, due to the suspension nature of the prior art capacitors,
the centery, ﬁ%&s%%g of the flexible menbrane draws closer 5 to_the fixed

el ectrode t e edge portions. This phenonenon creﬁ‘f%gs"g“é?‘eater | ocal
capacitance at the center of the flexible nmenbrane than at the edge
portions of Adigiodallgypiiddlae memeade capetomthevc caghcitatoe aRbRaimgethatAddi tional |y, from
a production standpoint a w de range of capacitances has not been built

i nto a si ngllimitedyha i thawoltge ehediingthe oiitealvalpaciViepthersvliyAtfVics thesever al
applications. 10 BRI EF DESCRI PTION OF THE DRAW NGS I n order that the
manner i n whicglhrapdpollaphrs val thegapatitod sharicbub t Avditionatly dvettathe sisgshsianhe i nventi on
are obtained, a nore particular description of the invention briefly
described apwwef d prior wcapasiipse e eenisypareon of tehidexibienembrard dravs clefbodi ment s

t hereof which are illustrated in the appended drawi ngs. |In the draw ngs,

li ke strdct &8sy plrctigde thandisicdas aoripsh This phgnomsnongreaipsergicatedess! gnat i ons. | n
order to show the structur f the present invention nost clearly, the
dr awi ngs i n&?ﬁﬁﬁ@ﬂf’eﬁgg"e‘i"ﬁer ?é ﬁ‘i ¢ thanyab e edge pprtions of the fisxidle i o gr at ed
circuit structures. Thus, g actual appearance of the fabricated
structures, "F ra%%("é*ﬁ‘ﬁl“é“inf‘f’o phot ori crogr aph, nay appear different while

still incorporat e essenti truc of .the. ent. i nvention.
Vor eover .t he. ARG 6B A PRDon Lo (RS p °ﬂ°@8ﬁ§$@§f 0% 20 under st and
R U R TR R b A T e
drawi ngs depict only typical enbodl ments of the |nvent| on that are not

necessar4l y gRiWHESCRIPERICORTHEDAWINYS t herefore to be considered to be
limting of Tts scope, the 1nvention wll be described 2 14 June 2005 WO

02/052592 PCT/ Umé} A0 manner in which the above-recited and other advantages of the

invention are obtained, a more particular description of the invention briefly described

above will be rendered by reference to specific embodiments thereof which are illustrated
in the appended drawings. In the drawings, like structures will be provided with like

15  reference designations. In order to show the structures of the present invention most
clearly, the drawings included herein are diagrammatic representations of integrated
circuit structures. Thus, the actual appearance of the fabricated structures, for example in a
photomicrograph, may appear different while still incorporating the essential structures of
the present invention. Moreover, the 'drawings show only the structures necessary to

20  understand the present invention. Additional structures known in the art have not been
included to maintain the clarity of the drawings. Understanding that these drawings depict
only typical embodiments of the invention that are not necessarily drawn to scale and are

not therefore to be considered to be limiting of its scope, the invention will be described




and explained with additional specificity and detail through the use of the
acconpanying drawings in which: Figure 1 is a schematic view ofl4ajuna Q005
that illustrates basic conmponents; Figure 2a is an elevational cross
section view of MEMS capacitor according to 5 one enbodi nent of the

i nvention; §iﬂg&1%5§22b is an el evational cross section view of MEMS capacitor
accordi ng Y8 6482 enbodi nent of the invention; Figur PGV o evati onal
cross section view of a MEMS switch according to the present invention; 10

Figure 3b i gndRpi@hed\with hdaiBhal Spediiciy BifiGheiairokiake vaé ofaheMEdMRpamyihg Ch accordi ng
to the present invention; Figure 4 is a schematic view of a circuit

segnent t hatirawinksiftvhigh:es an inventive stepped capacitor; Figure 5 is a

pl ot of stepped capacitance as a function of the voltage across the 15

swi tch circuit; Figugpiriea Shdnmtiavisctfaniduit chavilleuatafbasic smpppeg and vari abl e MEMS
capacitor according to one enbodi nent of the present invention; Figure 7
is a schemati c Vigsve 2afis an clovatippbulosawction sicw abMEMNVENB: ilgisgoeodingde according to
one enbodi nent of the present invention; 20 Figure 8 is a schematic view of
a st epped aprt cnbodiadsl of thofrvBhtioripaci t or according to one enbodi nent of the
present invention;, Figure 9 is an elevational cross-section view of a

vari abl e capaci Fighre2bdwngicyagonabrrost seetion visw SRMEMS gapatioeordingdtre 10 is an
exagger ated el evational cross-section view of the variable 25 capacitor to
i |lustrate PrEbsireent@{fhsinetigh a MEMS device; 3

Figure 3a is an elevational cross section view of a MEMS switch according to the
present invention;
10 Figure 3b is an elevational cross section view of a MEMS switch according to the
present invention;
Figure 4 is a schematic view of a circuit scgment that illustrates an inventive
stepped capacitor;
Figure 5 is a plot of stepped capacitance as a function of the voltage across the
15  switch circuit;
Figure 6 is a schematic view of a stepped and variable MEMS capacitor according
to one embodiment of the present invention;
Figure 7 is a schematic view of a stepped and variable MEMS capacitor according
to one embodiment of the present invention;
20 Figure 8 is a schematic view of a stepped and variable MEMS capacitor according
to one embodiment of the present invention;
Figure 9 is an elevational cross-section view of a variable capacitor according to
the present invention;
Figure 10 is an exaggerated elevational cross-section view of the variable

25  capacitor to illustrate relative warping of a MEMS device;
' 3




14 June 2005 WO 02/052592 PCT/ US01/ 44454 Figure 11 is a top cut-away view
of the variable capacitor depicted in Figure 9; Figure 12 is at4 June 2005
el evati onal cross-section view of another enbodi nent of the variable
capacitor; Figure 13 is a top view of an alternative enbodi nent of the

vari able c itor 5 depicted in Figure 9; Figure 14 is a top view of an
aIternatiV@BQﬁ%%gfnent of the variable capacitor dep?gvgﬂ”WﬂgFigure 9;
Figure 15 is a top view of an alternative enbodi nent of the variable

capaci tor depi Ggde 11Ms StoPstE-Bwad vieh Qf it Gibte chfacitd? debitiealiEigid gnal
cross-section view of another enbodi nent of the variable capacitor; Figure
17 i's an el evat irued 12G§ ASRvAOR tross-satii@Wiedfof &idthad enBodiaint sfeheenbodi ment of the
vari abl e capacitor depicted in Figure 16; Figure 18 is an el evati onal

Cr 0Ss- sect i ostiable eapacitbr; anot her enbodi nent of the 15 vari abl e capacitor;
Figure 19 is an elevational cross-section view of an alternative enbodi nent
of the vari abl Fignagkdds 4 top vickegfia bleschaiiva clRbagimeat of B¢ vatiable FEpagitere 20 is a
process flow diagramthat illustrates the inventive nmethod. 20 4 14 June
2005 WO 502458 9PFip@Ty; US01/ 44454 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

present invention relates to a mcro_ el ectronechani cal structure (MEMS)
Figure 14 is a top view of an alternative embodiment of the variable capacitor

depicted in Figure 9;
Figure 15 is a top view of an alternative embodiment of the variable capacitor
depicted in Figure 9; |
10 Figure 16 is an clevational cross-section view of another embodiment of the
variable capacitor;
Figure 17 is an elevational cross-section view of an alternative embodiment of the
variable capacitor depicted in Figure 16;
Figure 18 is an elevational cross-section view of another embodiment of the
15  variable capacitor;
Figure 19 is an elevational cross-section view of an alternative embodiment of the
variable capacitor depicted in Figure 18; and

Figure 20 is a process flow diagram that illustrates the inventive method.

20




stepped capacitor that may al so be variabl e between stepped capacitances.
Figure 2a illustrates one enbodi nent of the invention wherein a1¥ENme 2005
capacitor 5 22 includes a fixed charge plate 24, a novable charge plate
26, and a dielectric layer 28 that prevents shorting therebetween.

Addi tional ly, MEMS capacitor 22 includes actuation plates 30 that use a DC
potenti al Wﬁ“ﬂﬁﬁﬁ”m)vabl e charge plate 26 toward fi xe8CEE#/4ESP] ate 24 in
order to vary capacitance therewithin. Typically, fixed charge plate 24 and

actuation mﬁt?&ﬁﬁgEgéMﬁéﬁ@%m@N@I@bstI‘ate 32. MEMS5 capacitor 22
may be refe I 11TSt _capacitor type. O her enbodi ments of

vari abl e capaci t@E gre@h@nveion teiic b 08k WectrofdcHinicd seluird (MEMg)at es a second
enbodi ment of the Invention wherein a MEMS capacitor 23 includes a fixed
charge pl at Qtegtd capaciB DGy £DBE Geiatid RivRenepped Bspaditafte£! ectric | ayer 28 that
prevents shorting therebetween. MEMS capacitor 23 does not include
actuation pl at eFigiPe Bithistras ohdxaibodiment of the ifvamioh wh&tin € BIEMSichyeitot ype. Thus, at
a certain DC 15 actuation voltage, novable charge plate 26 will coll apse
and di el ect 12 dcludey e fixed 8hargelplate 2d,ppwovabidvhagechlany 261 and @ Hickstidayectdar ge pl at e 24.
MEMS capacitor 23 may be referred to as a second capacitor type. O her
enbodi ment s thef prevants shbviting berghmivietno Additignellys MEMS gapa¢itoh?d) innludesiciyaiior  3a
illustrates one enbodi nent of the invention wherein a MEMS switch 34

i ncl udes a Plaeed) thas use g &CGrokntial 1o pull movebleshpres pate 3 towad fixed eherggglate Addi ti onal |y,
MEMS switch 20 34 includes actuation plates 30 that use a DC potential to
pul | f1 exi bRdindietie parprageciianspthergiishing Trnisely fixadghagee At andagtuptionor der t o
close the swtch. Typically, fixed charge plate 24 apd actuation plates 30
are di sposed@atipiiirefdispesdnenp gbsmte 3% MEH C‘*Bg"tP‘lzlzﬂ‘é‘fP%’ngedéﬁWher enbodi nent

f VENS i h 35 th ot b t hat t he NENMS itch
35 oy o8 oM ke br: Qb SHhaiers of etk cubalat ot 158 B | Lo MENE

capaci tor 22 depicted g ELOue 2B ASHISLLALE, S sHPARELS 2 Tixed 5 14

capacitor 23 includes a fixed charge plate 24, a movable charge plate 26, and a dielectric

layer 28 that prevents shorting therebetween. MEMS capacitor 23 does not include
actuation plates 30 such as that used in the first capacitor type. Thus, at a certain DC
15 actuation voltage, movable charge plate 26 will collapse and dielectric layer 28 will
approach and/or touch fixed charge plate 24. MEMS capacitor 23 may be referred to as a
second capacitor type. Other embodiments of variable capacitors are set forth below.
Figure 3a illustrates one embodiment of the invention wherein a MEMS switch 34
includes a fixed charge plate 24, a flexible switch plate 36. Additionally, MEMS switch
20 34 includes actuation plates 30 that use a DC potential to puli flexible switch plate 36
toward fixed charge plate 24 in order to close the switch. Typically, fixed charge plate 24
and actuation plates 30 are dispesed upon a substrate 32.
Figure 3b illustrates another embodiment of 2 MEMS switch 35 that may be used.
It can be seen that the MEMS switch 35 may be a parallel plate switch with a structure

25  similar to MEMS capacitor 22 depicted in Figure 2b. A substrate 32 supports a fixed
§




charge plate 24. Above fixed charge plate 24 is a flexible switch plate 36
that may be pulled toward fixed charge plate 24 to close MEVS $4ifisie 2005
Figure 4 illustrates what nmay used in the place of capacitor 12 as it
appears in circuit 10 of Figure 1. A stepped capacitor 14 is depicted that
includes a plurality of 5 capacitors 16 arrayed in parallel in a first
circuit 18%VORMEI¥Ionally, a plurality of switches 20PEFESO¥Hned in series
Wi th capacitors 16. In one enbodinent, there may be a circuit wth n MEMS
capaci tors apgeiphteSW AGHE fixed MMideplakk 20052 e fiflE svBXRARE S5 hipef & N=2, in may be
equal to 1. Hence the circuit would have two capacitors and only one

switch, and phiR@ towaMi fxed chiyRssisle 180 abst IR sWitdlz4onl y one of the two MENS
capacitors. Preferably, the 10 plurality of switches includes at |east one

MEMS switch as S@guré Ofillidraleewifat May ubdd i0theiftice blrageitr €V @ itapghepped capaci t ance,
the surface area of the MEMS switches nmay be graduated such that a first
swi t ch t hat clraitiimofFeguredls Anitdpped aaphditoisid iddepiBedctap anciutesn phabity oft first vol t age
closure threshold and a second switch that is in series with a second MEMS
capaci t ors haspactosd6 emtedio paraigbn ¢ fissircuit 18 hAdtitivodlly, a4 phadlity of swiichdser t hat t he
first voltage closure 15 threshold. The schene may be continued such that
a linearly $fapplstieddespriesevithfcapseijorid f-t Ianeseenmibedimeng thsretniap hed ciewt t he vol t age
that is inpressed across first circuit 18. For exanple, if the plurality
of swit ches Withn MEMS capgeitarsrad m3witches, weerginyan. ey oxagpde, r.qfﬁwe‘ﬁs"@m@r | unit of
voltage to 2 units of voltage will give rise to a capacitance increase from
1 unit of Eapuelitd briteaceths cicuitiopld hayg twosanmeitorsapdenlygpe ewishiepfone nore switch
to close. 20 A pl ot of capacitance_ jncrease as a function of nom nal

st epped vol £%ih woild pealigeed with anly ofie Affhe tyo MEMS canppitnd Fistrrabli hs have a positive
sl ope as depjcted.in Figure 5. Ac ingly, a.inear capacitance response
38 !to o intr egfé'fahﬁof/%ﬂ' I&é%’%@ﬁ@#@“ﬂ#@%“ﬁ%%?ﬁ?}é I &Pei npt hia rel ati vep

f in the NEMB switches. | i near | ther. embodi ment of
The present 1 nvaRToR RGP etrel REve g e wkEE et MR ShuRe CConer i cal 1y

i6nC reasing %1%35 Ee%?a%ua%ﬁ%@ch%ﬂ%"ﬁrﬁ%wﬂbh tl%t is ﬁl'l’sen%s wﬁ acﬁrst'%‘&q\%,cgiaag%rﬁs a capacitance

a first voltage closure threshold and a second switch that is in series with a second MEMS
capacitor has a second voltage closure threshold that is higher that the first voltage closure

15  threshold. The scheme may be continued such that a linearly stepped degree of
capacitance is proportional to the voltage that is impressed across first circuit 18. For
example, if the plurality of switches is MEMS switches 34, a nominal voltage increase of
1 unit of voltage to 2 units of voltage will give rise to a capacitance increase from 1 unit of
capécitance to 2 units of capacitance by causing one more switch to close.

: .20 A plot of capacitance increase as a function of nominal stepped voltage increase
according to this embodiment will have a positive slope as depicted in Figure 5.
Accordingly, a linear capacitance response 38 to increasing voltage scheme may be
achieved wherein the relative surfaces areas in the MEMS switches vary linearly.

Another embodiment of the present invention comprises MEMS switches that have

25  ageometrically increasing surface area such as 1, 2, 4, 8, etc. Accordingly, a capacitance
6




14 June 2005 WO 02/052592 PCT/ US01/ 44454 increase wll be a function of
the nom nal stepped voltage, but the slope of the function 40 il] be

| ower than that of the linearly increasing stepped schene. Si m)(\%trjl-we 2005
present invention nmay have an exponentially increasing surface area such
as 1, 10, 100, 1,000 etc., if a base-10 exponential scale is used, such
that a capgevd@nee i ncrease will be a function of 5 thef@dal stepped

vol tage increase across stepped capacitor 14, but the slope of the
function 42 will also be lower than that of the linearly increasing stepped
schene. Fi gincesas will be@ﬂnﬂféﬂﬂ@éth%ﬁv@tiﬂﬂbﬁ*epeqw@‘&%éﬁt‘heélppwﬁwﬁﬂﬁy’“B‘é used in

pl ace of capacitor 12 as it appears_in circuit 10 of Figure 1. A stepped
capaci tor 1%l @lﬁ‘ébihéﬁ%°ftwt“e4’§&°{?ﬁé§ stgppeghichipret Pimflarbs e BIBRE t ors 17

arrayed in parallel ina first circuit 19. In this di pent 10 capacitors
17 are a cofSFat PahagsangxRonsntally siereaing S‘ﬁggﬁlﬁr‘i‘aé?fp 3 ]n?ﬂ?%sl’@ﬁgdi ment p si gnal
V. and DC actuatjon voltage.are applied together. acitars .C, through C
may be of i“?bfsé?lhf’ﬁpo%eﬂ?aﬁ %f%'& [Séff‘eg’as" itl}a&cagﬁgﬂ“"? lﬂ%?asce“éqﬁﬁe f“i/\ﬁ“ﬁ"i?'O"C':(’)fl | apse a? a
di fferent voltage. Thus, . t eppin h , stepped tota

5 E%ﬁﬁomlg@i} glg%aﬁti-lr \éo\ll/{ae% .m%y %se %r(g?ﬁapgi, ctapa%ttopﬁ }élg lthteglgfe of fhe Pp

capaci t anc y (o]o) stepped I ncreasi ng surface areas

be i ol L P S! ur
my be 1 np ?{/};?ﬁ&ggwﬁﬁalﬁ ﬁé IP{"é;?htagtri]l %g@%gneargﬁ?cgéﬁg%%%@g%eﬁ sch(]:rﬁe. I nearly

geonetri cal exponenti a I'n epped increasing surface

areas ey be i i AIYRHRelibnidf dodth BENGENS 100l ol drabpadifl Vi T Cual

anal og var actor fects. Further definition of capacitance according to

any one of {hg iRPRYSintdMa0 SCRARES ARypdlRapaGePTNd depibedih ¥nclub ai Ndependent
tuning of any or all of the capacitors as set fort herein. Figure 7 is

anot her  enmbe@alie} bt cakitdrd 1@ aREyeS R Phrallel @ fitst @Rduit P. Withik aillodinitepped 20
capacitor 44 is provided with a capacitor first circuit 46, wherein

i ndi vi dupl  cpRA6HE | Diréa dbihbindior ofuORRaEIRA Méwlithh. an Plswmbddirbeyt, fnaMEMS swi t ches
according to the first capacitor type set forth herein in order to achieve
a pref er r edam@amaeiuitidn eéltagd are dpplied togetima dTapaitbrs Cattirobghds mayeedf of the plurality
of individual capacitors 48 has a novable charge plate. Each capacitor 48
i s depi ct eddiffareth anrfacegiren siead sad itbiorchtwilh tallgpse atia diffetentd; voliage. Thus,iby under st ood
t hat between one '
stepping the DC voltage, a stepped total capacitance may be achieved. Accordingly,
stepped increasing surface areas may be implemented as set forth herein. Specifically,
15 linearly, geometrically, exponentially, and combination of stepped increasing surface areas
may be implemented in order to achieve both digital and virtual analog varactor eftects.
Further definition of capacitance according to any one of the above three schemes
may be accomplished by the independent tuning of any or all of the capacitors as set forth
herein. Figure 7 is another embodiment of the present invention. A variable stepped
20  capacitor 44 is provided with a capacitor first circuit 46, wherein individual capacitors 48
are combined with a plurality of MEMS switches according to the first capacitor type set
forth herein in order to achieve a preferred capacitance. In this embodiment, at least one
of the plurality of individual capacitors 48 has a movable charge plate. Each capacitor 48

is depicted as hé\ving a capacitor tuning circuit 52, but it is understood that between one

25  and all of individual capacitors 48 may be variable with a capacitor tuning circuit 52. In
7




25 and all of individual capacitors 48 may be variable with a capacitor
tuning circuit 52. In 7 14 June 2005 WD 02/052592 PCTNSOll444i4 hi s
enbodi ment, the increasing capacitance schene is controlled by 4pflm%|2QQ5
of DC voltages: DC, through DC.. Again the specific surface areas of the
capacitors C, through Cn may have any of the linear, geonetric, or
exponent i afyo\fiskdge closure threshold response charagégfdophiiss as set
forth herein. In one enbodinment, it is individual capacitors 5 48 that are
varied by one of linear, geonetric, and exponential area differences.

Addi t i onal | yhis eptpediment, ithe inceensjrigmepaciiance schemsis protrelis by opduraity «f®be anal ogous to
integer changes in capacitance, the use of varying the circuits such as
capaci t or t difliagry: RGitlerelieh DE2 Asaigyheiseecifip rufagarcatpfihe capecitars &1 Bgsgls t o

internedi ate or fractional changes that further define over the integer

i ncreases. fompnhaxe any pithe lwgas gppmetricgorgxpopentigl xolageclosusthresiglde t or 44 i ncl udes
four nomnal firs capaci tors and nt h capaci.taor th has a surface area
Lhat [ 11 vEsPOTRRLereRaes 5o s Rrgn TARB copoihens i Y| PR Eapac t or 5. By
conbi nation,pf the ngm nal .first capacitors d t nth capacitor,

capact t aoeds brrie BBy SR ap st S i g Pt S0 e achi eved.

Further inter . def i nkti or C | i i as set forth
her ei n by vary?ﬁ‘gd%}r’lﬂ%l’&rﬁlé{g{&e\é ﬁ"ggPestrﬁag%gg&ﬁlgﬁegﬁ% t‘# l%ragattlgg@asg%ﬁe ors and the
nth capaci t gAY i U58cidheeAnERPAShYRE mb UthRGuchGh Efbbicdr e bRt §RCh capaci tor
that may be rag%fnr g‘%mt ocei/ary the&o ter aHﬂ s?ceppéig&éaréa(%\gtlaﬁl::e. In a second

exanpl e, anuadgl LhpRRk 1R RAREuOk ifléMtdide & fralbohAGEngRY B4 fidther HBRde! MBS those of
each of the nominal first capacitors 1s provided in addition to the 5-tines

capaci tor, bRr@ehigddeeapaci tances of integer anpunts ranging froml to 19.
Yet another 20 capacitor may be provided with a surface area 20 tines

those ofipeach ofn f@kickualplef 4 vafidblcGRPRE bdpaditr 44McRddifdur Aomidadfisthe 5- and
10-times capacitors, may achi eve capacitances of integer anpunts rangi ng
from 139. Asapsitbrs brdrah Bth bacitorthat h43 b eurfiediraa et io Fveftihethose BBdachadfeiages
four nominal first capacitors. By combination of the nominal first capacitors and the nth
capacitor, capacitances of integer amounts ranging from | to 9 may be achieved. Further
intermediate definition of capacitance is attainable as set forth herein by varying any or
15 each of the nominal first capacitors and the nth capacitor by use of a capacitor tuning
circuit 52 for each capacitor that may be required to vary the overall stepped capacitance.
In a second example, an additional capacitor having a surface area of 10 times
those of each of the nominal first capacitors is provided in addition to the 5-times
capacitor, to achieve capacitances of integer amounts ranging from 1 'to 19. Yet another
20 capacitor may be provided with a surface area 20 times those of each of nominal first
capacitors in addition to the 5- and 10-times capacitors, may achieve capacitances of
integer amounts ranging from 1 39. As set forth herein, intermediate or fractional changes
may be achieved by varying any or all of the capacitors by independent tuning circuits 52.

Other non-integer linear schemes may be established within the spirit and scope of the

25  invention.




may be achi eved by varying any or all of the capacitors by independent
tuning circuits 52. Oher non-integer |inear schenes may be est{4Qjursheds
within the spirit and scope of the 25 invention. 8 14 June 2005 WO

02/ 052592 PCT/ 1JS01/ 44454 \Where greater control of capacitance may be
desired, each MEMS switch 48 may have its own switch circuit 52 such as a
tuning ci r¥@M28 gure 8 illustrates this enmbodi nent P¢HERI#4 udes a nore
general case. In this enbodinment, the surface areas of each MEMS switch 48

may be substant ivﬂle}a%%qu%hmy 8¢ 536 RnQIAG be deaiRY, chdiQNIPSIEIR48qhayany or 5 al |
of themis acconplished by instructing the independent switch circuits 52

to inpress Fave b SirlitiroMOh bRB8s d thnikd RER. FIREAS iMBrARthis§ orth herein, the
surface areas of the variable individual capacitors 16 and 48 may vary

li nearly, geap&inehaRdt Inylude®d mers paaB@rdadeald this embBdicledt| thesaificy aredslb® capaci t or
tuning circuits 52 may be used for internediate steps to achieve
fractional edthMERSS swirchoBpag bd satseetially Bquiidceriditing atdihd dkdupoBmemt | nventi on,
vari ous types of MEMS capacitors may be used to acconplish a desired
capaci t artc e ail Hitigpur ieacBompdishadbys hsgyaing the adependers switch citcuigr P2 imwpregsfa  t he
inventive variable capacitor that is designated by the reference nuneral
66. Fi gure euffigidnt volfege s alose thens udsssetrfortheie@®, thesugire etaasgf the yasigble har ge pl ate 70
is disposed. A novable charge plate 72 is disposed above fixed charge
plate 70. Miixidpa cappritery o %ﬂdg% mayparyiagarceamstricallys o EXnopsndidly- by a pl anar
portion 74, a_susPension_portion 76, and a termnal_ portion 78. Affixed to
pl anar por t Additionallygthe FRBIFIEIING KisuifR> 2 may brusydlor igteredipte s aAchias. St f f ener
80 may occupy the sane footprint as planar portion 74 of novabl e charge
pl ate 72. Afrpqtipnaf changsHp sAPPHRICi st ance 82 is observed as the original

separation di stance, between fixed charge pl at 0 and planar portion 74
before alf act uat’i*EEditedp e PrEEntilyETtioRy ."‘"0"%@5"%ng fapactigrs 818% fnd separation

di stance 84 usleg to%ecso%g:l\{sﬁg debsﬁédvc\%%atagée.a iaglrxreg(?sr:;[nle egaticz:fél cg‘gsg-sgc%iéx%gew of

the inventive variable capacitor that is designated by the reference numeral 66. Figure 9
illustrates a substrate 68 in which a fixed charge plate 70 is disposed. A movable charge
plate 72 is disposed above fixed charge plate 70. Movable charge plate 72 may be
15  characterized by a planar portion 74, a suspension portion 76, and a terminal portion 78.
Affixed to planar portion 74 of movable charge plate 72 is a stiffener 80. Stiffener 80 may
occupy the same footprint as planar portion 74 of movable charge plate 72.
A first separation distance 82 is observed as the original separation distance
between fixed charge plate 70 and planar portion 74 before an actuation force is applied.
20  Similarly, a second separation distance 84 is observed between planar portion 74 and fixed
charge plate 70 as the tunable capacitor separation distance at a given applied actuation
force. .
Stiffener 80 may be made of any material that causes planar portion 74 of movable
charge plate 72 to resist bending. Preferably, stiffener 80 is made of silicon nitride, SixN,,

25  where x and y have values that make up both stoichiometric and solid solution
' 9




charge plate 70 as the tunabl e capacitor separation distance at a given
applied actuation force. Stiffener 80 may be nmade of any mater{4lJurfee2005
causes planar portion 74 of novable charge plate 72 to resist bending.
Preferably, stiffener 80 is nade of silicon nitride, SixNy, 25 where x and
y have val ues that nake up both stoichionetric and solid solution 9 14 June
2005 WO O¥PBBHYEED pCT| USO1/ 44454 conbi nations. Sti f f BAEYSEH#4ay al so be
made of oxides such as silica, titania, alumna, ceria, thoria, and other

oxi des that .spltGudhe. §fher 86 ﬂiﬁh}%%{ﬁ&a@ bfoxRBekushak kifcaSithit, d16Hna, COMbI Nat i ons.

Additionally, stiffener 80 may be nade of any material, preferably

di el ectric, c4hahoral dn@¥herbhies taMBIRE ipiRthStoicHibinktFiant GolAGHIRYE a tunabl e range
greater than about 5 30% preferably greater than about 50% and nore

preferably gsmatatonst AdnioaddiotiffdeWanay Gaae of aepaerdl, peferablyst ance 84 i s
observed to be substantially constant. By "substantially constant,” it is
meant that Jialegiic)thailoy teeriaventppe Ettucior to/athiofe anwnidéxage glratergian alpiat e 72 i s
mnimzed. Relative warping is defined as a rel ative neasure of deflection
of any poi B8%,predanaplyt dneatectharagent 51, haloworgBefohblpdreatra thapaboutiléfe. 74 in verti cal
relation to any other 10 point thereon, divided by the | ength 88 of planar
portion 74. Fi geend@paratiomdistancedijeebsired to hsebstpntially dopstant- Byvi on of rel ative
war pi ng wherein the deflection difference 90, can be relatively quantified
by di vi di ng“®ystantiedly censigntsi itggmeaptdhabyarring alalamy prytign T4 ehysovahledwgt i nventi on
may be in a range from about 30%to about 0.1% preferably from about 10%
to about OPBEFAMiINME. Felatveaping septisd asdclitivomsasye gilgliectopdf 15 Referring
again to Figure 9, first separat.i di stance, 82 .i %he nmeasurement from
term nal pof¥iPSiit afese de cwaﬁﬁgeaﬁéﬁgﬂg@r BeTHQR g‘ﬁ? ?erf“@?rd tar tg Y Pﬁ%?ed char ge
plate 70. Suspensiqn. pprtij %@é? of .nmovahl e c?ar plate 72 i.s separated
fromfix@d BHY tﬂ{‘j.ff‘”b &Wg‘ﬂ’?'dﬂeq 8 8Ilef‘§?rip8 P74y ?P%ﬁg SPREEETEt a2 naxi mum
SRS eQeat‘azrila}ﬁtllst?a iOI(‘lj Btsrgig%ﬂg \%arglgg \%Pegeinathe c%ﬂection difference 90, can be

relatively quantified by dividing by the length 92. Relative warping in the present

invention may be in a range from about 30% to about 0.1%, preferably from about 10% to

about 0.5% and most preferably from about 2% to about 1%.

18 Referring again to Figure 9, first separation distance 82 is the measurement from

terminal portion 78 of movable charge plate 72 to down to fixed charge plate 70.

Suspension portion 76 of movable charge plate 72 is separated from fixed charge plate 70

over a variable distance that is at a maximum at first separation distance 82 and ata

minimum at second separation distance 84. Consequently, removing material in this

20 portion preferably reduces capacitance for suspension portion 76.
Figure 11 is a top view of variable capacitor 66 that further illustrates the present
invention. Stiffencr 80 has been removed to further illustrate movable charge plate 72.

Movable charge plate 72 is seen as comprising planar portion 74 and suspension portion

76 that meet an angle at a bend depicted by the dashed line 94, and terminal portion 78.

10




m ni nrum at second separation di stance 84. Consequently, renoving materi al
in this 20 portion preferably reduces capacitance for suspensi on4Rhirné QD05
76. Figure 11 is a top view of variable capacitor 66 that further
illustrates the present invention. Stiffener 80 has been renoved to
further illustrate novable charge plate 72. Movabl e char e4p1 ate 72 is
seen as coWBP¥E®MY pl anar portion 74 and suspension pBfYVRHH4H6 t hat meet
an angle at a bend depicted by the dashed line 94, and term nal portion 78.

10 14 June 2QQRna1 WRIAZE ARZEIsBiddridads hidAfedat IEinglk RAlbeQESidt@dy 78 and

suspension portion 76 also neet at an angle at a bend depicted by the
dashed |ine {QGashkigdwe 1 | illustrates that suspension portion 76 may
contain through holes 98 to forma broken surface suspension of planar
portion 74. The Hygwekinlhsunds saesupbnsion gpandb oy cobtajpalirbugh holet®8 ®f novabl e
charge plate 72 reduces capacitance surface area for that section of

novabl e charfge apkderesuife buspansichud plagr pdrén éroite brokdn surifrae ofeuspensibrace ar ea t hat
is present at the variable first separation distance 82. Thereby the

br oken suf f acwion?s of moyrbleshacgs pjatsi7E redvres Apcitantesuriact wea fahal eectiovght r ol  of t he
variabl e capacitor quality of the present invention. Additionally, because
there is | esuoviplecbgreiate By raduedng thsamgunt of changgsaniss ep thadspreemt a6 when 10 it
has a broken surface suspensjion, novable charge plate 72 is pore pliable
and t her ef orthe verible Srsteparation digiangnd% Thereby the bipkenekdace efguprrsien RHYBensi on
portion 76 may al so be solid, Where suspension portion [6 has a broken
surface, fi X8allownir hterfonobofss v éﬁé’leﬁapf“i‘?‘g‘l”al%?fg'é?d’ées%{ﬁt @¥"Yng novabl e charge

D T o eI b5 Pl Rk B P R R The 205
Tent o By A -GPSR S G a0l 0 surTace
more easily tunable. It is understood that suspension portion 76 may also be solid. Where

suspension portion 76 has a broken surface, fixed charge plate 70 has a first surface area
and movable charge plate 72 has a second surface area that is smaller than the first surface
area.

15 In a preferred embodiment, the capacitor according to the present invention has a
movable charge plate that is divided into a solid surface charge plate portion and a broken
surface suspension.

Figure 12 is an elevational cross-section view of another variable capacitor 100
that illustrates another embodiment of the present invention. Figure 12 iHustrates a

20  flexible dielectric material 102 that has a movable charge plate 104 disposed thereon and

| ~ that is suspended above a fixed charge plate 70. It is noted that movable charge plate 104
cannot make electrical contact with fixed charge plate 70 because flexible diclectric
material 102 is interposed therebetween.

In this embodiment, flexible dielectric material 102 is divided into a planar

25  subsection 106, a suspension subsection 108 and a terminal subsection 110. A stiffener 80
13 :




Figure 12 is an el evational cross-section view of another variable
capacitor 100 that illustrates another enbodi nent of the presefdf June 2005
invention. Figure 12 illustrates a 20 flexible dielectric material 102 that
has a novabl e charge plate 104 di sposed thereon and that is suspended
above a fixed charge plate 70. It is noted that novable charge plate 104
cannot mak¥08¥E&¥? i cal contact with fixed charge pl at BCHESOHEHuse flexi bl e
dielectric material 102 is interposed therebetween. In this enbodi nent,
flexible di gl fGbdch GpolBAL:GUI @bleckid gatefial 12 iSHRGe 30h& FodhirRIRd: mépbeSUbsect i on

106, a suspension subsection 108 and a term nal subsection 110. A stiffener

80 11 14 JupgeRRfphe WRcA2hARAMaPIHE LI Wtk Bitnak sibsttpooted upon 1 exi bl e
dielectric material 102. Stiffener 80 has a footprint that may be

subst ant i al INovktdechargeBlata so4rDintabdsed et fipleedoand fdhaasabsegtibt 108s pl anar
subsection 106. Mvable charge plate 104 is interposed between stiffener
80 and pl anaylthaugh stffetdr 8his AiDGrated Al ehtively glhakiig infobableehar2Plates 04 frdmust r at ed as
entirely cl oaking novabl e charge plate 104 froma 5 top-down view in Figure
12, it iS5 unepedosh vied it Figire Kt i & fspsiood3 it stiffgndn 8@mayehafeadbqarintthatishat i s

| arger, the sane as, or snaller than novabl e charge plate 104. \Were
stiffener 8harges tesproens, or sipdler thap mgisibls charggiplpte 194. W kereisgdfener 80 ivfggerbe | ar ger by
a factor range fromabout 1.01 to about 2, preferably fromabout 1.1 to
about 1.5. [thenmeeablschasgeplated P4, ftganpalareaty p atgrrangs fom progUdt taPE 98 (not
pictured in Figure 12) in_ 10 the flexible dielectric material 102 bel ow

t he novabl e 2giépigly Bemghout 1dtto gb@ud- one through hol e 98 has an area,
relative to the total area of flexible dielectric materjal 102, in a range
from about 196 ¢ d Rb e 038 1SR 81 ovsh B SHOUPREHR UEIGUE 40% i gur e

13 i s anot her enpodi hent of, th resent | tion. In thi nbodi t,
sti;fenew 86mﬁ§g§E%gFWHﬂH¥E@]g®5%W ‘H@Vﬁ%? %gﬁgggéﬂﬁgﬁF%&%ﬂg (gOEHS?sib?e).

ovabl o charge IR Bl R bralirka SPREI e SRk mB AN RD, iRRhbfeO" 114 OF
from about 1% to about 50%, preferably from about 10% to about 40%.
Figure 13 is another embodiment of the present invention. In this embodiment, 2
stiffener 80 is superimposed over a movable charge plate 112 (not visible). In this

15  embodiment, stiffener 80 obscures the planar portion 114 of movable charge plate 112. In
this embodiment, the suspension portion 116 of movabie charge plate 112 forms a spring
in the shape of an undulating suspension between planar portion 114 and the terminal
portibn 118 of movable charge plate 114. By this embodiment, greater flexibility may be
achieved for the actuation of planar portion |14 of movable charge plate 112.

20 Figure 13 illustrates suspension portion 116 with “W* and “M” shapes. Although
these shapes are one preferred embodiment, simpler or more complex shapes may be
achieved. One example of a simpler shape is illustrated in Figure 14. In Figure 14,a
movable charge plate 120 with a suspension portion 122 with both “U” shaped and an

inverted "U" shaped undulating connections between planar portion 114 and the terminal

25  portion 118 of movable charge plate 120. Another example of a simpler shape is
i2 ’




this enbodi ment, the suspension portion 116 of novabl e charge plate 112
forms a spring in the shape of an undul ati ng suspensi on bet weeth4p)iama2005
portion 114 and the termnal portion 118 of novabl e charge plate 114. By
this enbodinment, greater flexibility my be achieved for the actuation of
pl anar portion 1 14 of novable charge plate 112. 20 Figure 13 illustrates
suspensi onB¥EBh 116 with "W and "M shapes. Alt hobGHUSH#d¥e shapes are
one preferred enbodi ment, sinpler or nore conplex shapes may be achieved.

One exanpl e j@rfecdih FRAE 5. IR BRGe 15 a bVMB haAdePhltei1 iRl Sudfnsiohn Figure 14, a
novabl e charge plate 120 wth a suspension portion 122 with both "U' shaped

and an i nvepkiesl 26 dhat ﬁmmds’umiminef_inﬁ% “SOsHaRE thhtdRG IR lpkranar portion
114 and the termnal 25 portion 118 of novabl e charge plate 120. Anot her
exanpl e of gofibiPl4and thdxemsnal fortiod 218lf mdwabie cEAE0 plae 3. 02/ 052592 PCT/ US01/ 44454
illustrated in Figure 15. In Figure 15, a novable charge plate 124 incl udes
a suspensi on  poklthogh tik26dulalisg sudpasiolxoltif, 125'Andd26] raspectively-depiaglén " S"  shapes

t hat undul ate between planar portion 114 and the term nal portion 118 of
movabl e charFigerepliid akid4 are plesdntod gppottibes ofimoablatharggplstesijardd.ems 116, 122, and
126, respectively depicted in 5 Figures 13, 14, and 15 are presented as
portions of lAbveskseévclyhbis gulenstoes teas the wlulatimp@uspenpions 119422, sddHel®Y vel y, it is
under stood that the undulatin% suspensions 116, 122, and 126, may also be
i nt egral porelsp bategstl pertiens philcsibigidieleettis pateriafia Therintegral portipngofifisxiblgr al “ porti ons
of flexible dielectric materials may be for structures depicted in Figure
12. In an aldielpiianpiialsain buonwneturesdRicki B f®YF g confi guration t hat

constitutes the 10 suspension portion of the fl.exible dielectric, nay be a
conti nuous undul'3#} "ﬁ‘@mg‘t"? ﬂ’&btoﬁ'fnsmtthea‘l"d“laé% %‘1’?6@“"’&8’? th@ sonsfiwesfiCanar port iyo n of
t he novabl e charge plate. t ate.a nmujtiple channel open nfiguration
accor i ndh y sreerRig e sblaFer ngy e B b dsrer R SRR e i ng
structure, It Fr?i?%cﬁotgse lgr!: ;r)]an?ilt po%rc])%\ oft ﬂ%rmrgv&?f! chgrger ;glété) t@ cn%gtg a m&lﬁ;ﬂé éhgﬁfl%i as one

suspensi on ¥

open configuration. Accordingly, where Figure 12 may illustrate a continuous undulating

structure, it may begin at one terminal portion 110, continue as one suspension portion
108, continue as planar portion 106, and finish as the other suspension portion 108 and
15  terminal portion 110, respectively.

Different degrees of flexibility are achieved by the particular material used,
whether charge plate material or flexible dielectric material, and by the dimensions of the
unduiating structures. For example, suspension portion 116 of movable charge plate 112
has a thickness 128 and amplitude 130 that may be related to the length 92 and/or the

20  width 132 of movable charge plate 112. Similarly, the suspension portion 122 of movable
' charge plate 120 has a thickness 128 and amplitude 130 that may be related to the length
92 and/or the width 132 of movable charge plate 120.

Figure 16 illustrates another embodiment of the present invention in which the

functions of capacitance and electrostatic actuation are separated. A variable capacitor

25 134 includes a planar portion 136 and a stiffener 80. Suspension portions, etc. are not
13




108, continue as planar portion 106, and finish as the other suspension
portion 108 and 15 term nal portion 110, respectively. D fferenl4driie2008
flexibility are achieved by the particular material used, whether charge
plate material or flexible dielectric material, and by the dinmensions of
the wundulating structures. For exanple, suspension portion 116 of novable
charge pl aV@%%%%2 has a thickness 128 and anplitude 1BOV¥HH#443ay be rel ated
to the length 92 and/or the 20 width 132 of novabl e charge plate 112.

Sinmilarly, tifﬂﬁtra?é&%l?ﬁﬁh?!ir@md&ﬂ{/ Ehimb i det &frth NEWVIRDE R d chR AR Plsdtag 120 has a
t hi ckness 128 and anplitude 130 that may be related to the length 92

and/ or the Wedikvated 3pon@e sibaivaal4@atoiodngQuatdr pla® 142 Octultbrpibieer4d 8 111 ustrates
anot her enbodi nent of the present invention in which the functions of

capaci t ance dapsdledlpeti bog kibktrate 1a¢.t Tha klearioraif Gixcd elmdeplatesl 138Mmay a¢ | abl e capaci t or
25 134 includes a planar portion 136 and a stiffener 80. Suspension
portions, etneglighleer ondtted td @hidvk aJuncerQ@Be fixsOhORY fiE DB 2andPERi US01/ 44454
illustrated but may include any enbodi nent set forth herein. Fixed charge
pl at es 138 mwetyatoripltedfiarext edstantially thetremeslenish thoathie alen@tivelswhadineent, act uat or pl at e
142. Actuator plate 142 is disposed upon a | ower substrate 144. The

el evat i on ofsuliiates d4(dnd t4fenap bathessms bgel prgfashioned freq Ithe gents| reatesipl lyyei t t ed t o

achi eve a structure where fixed charge plates 138 and fixed 5 actuator
plate 142 arf®adnglePrisestdsiti al |y the same level. For this alternative

enmbodi nrent, substrates 140 and 144 nmay be the sane | eyel and fashi oned
fromthe same mekieplpngr poption 436 Offhﬁmavaél‘*ﬁé'@ Ptedtalied wagiiftenerdR ) anar portion

ol anar por t [ BeRear e aeas Mareocieed MoBy syesdPin: or plate 142 |
_ _ 1 or plate 142 to
10, et a0l Sl S0 AR S REB B R ot L ance
136 of the %Pe‘s’éQc'tr%m&R%‘fo%% to%p%giﬁontp?an?r portion 136 of the movable charge plate toa
desired separation distance 146.
Figure 17 illustrates another embodiment of the present invention similar to the
embodiment depicted in Figure 16. A variable capacitor 148 has the addition that there is
15  aplurality of movable charge plates 150 that are isolated from a movable actuator plate
152. According to this embodiment, the establishment of a preferred capacitance may be
carried out where the electromotive force applied between the fixed actuator plate 142 and
the movable actuator plate 152. This actuation scheme has a diminished effect, if any,
upon the capacitance that is established between the fixed charge plate 138 and movable
20  charge plates 150. Accordingly, the desired capacitance established may be more directly
related to the separation distance 146.
Figure 18 illustrates yet another embodiment of the present invention in which the
functions of capacitance and electrostatic actuation are separated. A fixed charge plate

154 may be elevated upon the substrate 156 above an actuator plate 158. Actuator plate

25 158 is disposed upon a lower substrate 160. The elevation of fixed charge plate 154 may
14




desired separation distance 146. Figure 17 illustrates another enbodi nent
of the present invention simlar to the enbodinent depicted i M&igiHe 2005
A vari abl e capacitor 148 has the addition that there is 15 a plurality of
novabl e charge plates 150 that are isolated froma novabl e actuator plate
152. According to this enbodi nent, the establishnment of a preferred

capaci tanc‘@oﬂ:’gfﬂfzs% carried out where the el ectronotiME/¥8F#&4appl i ed

bet ween the fixed actuator plate 142 and the novable actuator plate 152.

Thi s actuati 300, Qi ] n n the
I'S u 'bQﬁkgﬁﬁﬁgmmmgfo?igaégg} gh&tﬁ% dn&t E}%ﬁ ][:harée hla@rﬁh and HEXd

capacitance that 1s esta etween t I Xxed charge plate 138 and

movabl e 20 Qaaa’tcggla@hfvsta@éat 4B QantifG AR cHhdYel Fol (hi6 allRiiive @lbdaRACT t ance
established nay be nore directly related to the separation di stance 146.

Figure 18 i lghyddids 2368:5d YDImad BOhd e R08D Bl (ERBhAed Bbm i GantmRSGAtlayenvent i on i n
which the functions of capacitance and el ectrostatic actuation are
separated. mddingRgroeddar ge plate 154 may be el evated upon the substrate 156
above an actuator plate 158. Actuator plate 25 158 is di sposed upon a | ower
substrat e 160. Theplalacpodtioh 036 offhe inoyabld chdnriphe ipdfiaeetobSdffanen\t0. 14 14 June 2005
WO 02/ 052592 PCT/ US01/ 44454 be negligible or omtted to achieve a structure
wher e fi xed Togetheryglanat porten 1Bkndisidfeder Kbk acmattd lvtadpatgiphted 5868 are at
substantially the same level. For this alternative enbodi nent, substrates
156 and 160 establishiagrefemed sspamsion digtasice Hiddor b deshipdenapacitangeo Artudies plateds mat er i al

| ayer in a single process. 5 The planar portion 136 of the novable charge
plate is af piexeeptrprmotiye Broe forrenqaitiongtinar pogenel3p ek the pvalrieshargoplels B8 136 and
stiffener 80 are actuated by actuator plate 158 to establish a preferred
separ ati on @esBedspeatiosisiangrl4q desired capacitance. Actuator plate 158 uses

el ectronotive force to reposition planar portion 136 of the novabl e charge
plate to%a desiFiautr Ldpaiase prgfherfmbpdipenbof fifgresent invention similar to the '

embodiment depicted in Figure 18, with the addition that the movable charge plate 162 is

isolated from movable actuator plates 164. According to this embodiment, the
establishment of a preferred capacitance may be carried out where the electromotive force
applied between the fixed actuator plate 166 and the movable actuator plate 164. This
15  actuation scheme has a diminished effect, if any, upon the capacitance that is established
between the fixed charge plate 168 and movable charge plate 162. Accordingly, the
desired capacitance established may be more directly related to the separation distance
146.
In the embodiments set forth in Figures 16, 17, 18, and 19, it is understood that
20 suspension of the movable charge plate may be carried out by the suspension portion
-embodiments as set forth in this disclosure including the interposition of a flexible and/or
dielectric structure Additionally, other suspension schemes may be used for this
embodiment of the invention.
In the forgoing embodiments, the suspension sections 76, 108, 116, 122, and 126

25  are examples of a means for suspending the movable charge plate. In the forgoing
16




10 Figure 19 illustrates another enbodi nent of the present invention
simlar to the enbodinent depicted in Figure 18, with the addi 14Qund2005
t he novabl e charge plate 162 is isolated fromnovabl e actuator plates 164.
According to this enbodiment, the establishnent of a preferred capacitance
may be carried out where the electronotive force applied between the fixed
act uator pV3f%¥%1¥s and the novabl e actuator plate 164PCHPIO¥44H actuati on
schenme has a dimnished effect, if any, upon the capacitance that is

est abl i shed emB&EMRRNLS R4 Erarts plaied VRALLI 3R hid bAmPRSra RdadRY ABYiR; thhar ge plate
162. Accordingly, the desired capacitance established may be nore directly

related to thwatkapasafddn di stance 146. In the enbodi nents set forth in
Figures 16, 17, 18, and 19, it is understood that 20 suspension of the
novabl e char ge pihavfiabeyapirftoriandde edordig tolaly intdneivemnestipe Midanis por t i on

enbodi nents as set forth in this disclosure including the interposition of
a flexibl e ahditan in Bigwk 2€ tA fecessit7? isddrmedsin Adhetiatei68 pedepivted ioFigee Ssuspensi on
schenmes may be used for this enbodi nent of the invention. In the forgoing
enbodi merft s Reteisel 72 mgyplerferimothofasingle eels orignay begart of 4 damagepie strugtvee- 126 25 are
exanpl es of a nmeans for suspending the novable charge plate. In the

f or goi ng 15 Fixad chaigeplate fibis fopysdrpreessisd by depopftioiseirl a5 4lppyca di ments, the
fixed charge plates 70 and 138 are exanples of a neans for noving the
novabl e chargpesifgnd¥D) or HE)‘/S\?%”?P&H"%OSE'S'E)&E’P@&}“’ mgthogitiestratedinFigitig to an
inventive nethod 170 that is jJlustrated in Fi gure 20. A recess 172 is

formed in sdBdgmoniiatesiaat umajion plipedepess andihcylixedchgree plate maybess 172 may be for med
f i ngl tch, it b t. of d t . Fixed ch
ol ate 7001 5 comsmparps o gt b Slgk (o orepl B it T8 M cal vapor o

:Zi(ri;plcz)ISIgL:’ @n gl%\\{flz:) lxe8 Ic‘:hapgg\él%tlegi? zlas d\épafggc{ in 91% (s)ssdogvlbfc))gk f'}g.vB)oifab;m]%rgrer%}aQOd iITustrated

72 is formed by a method such as filling recess 172 with a temporary material, depositing
movable charge plate 72, and wet etching the temporary filler material that filled recess
172. Stiffener 80 is formed upon a portion of movable charge plate 72 as depicted in flow
block 178. Where patterning of at least a portion of movable charge plate 72 precedes
15  removal of filler material in recess 172, patterning of multiple through-holes or any one of
the undulating suspension sections as disclosed herein, will facilitate removal of the filler
material. According to the inventive method, a flexible dielectric material 102 may be
formed 178 over the fixed charge plate.
The variable capacitor 100 illustrated in Figure 12 is formed in a manner similar to
20  variable capacitor 66. Prior to formation of movable charge plate 104, flexible dielectric
layer 102 is formed upon a filler material that is to be removed to form recess 172 as
depictéd in process flow block 176. After flexible dielectric layer 102 is formed,
patterning may precede or follow removal of the filler matetial disposed in recess 172.

Where patterning of flexible dielectric layer 102 precedes removal of the filler material in

16




20 denonstrates that formation of the recess and the fixed charge plate may
be contenporaneous as depicted in flow block 174. Myvabl e char ¢4 e @005
is formed 10 above fixed charge plate 70 as depicted in process flow bl ock
176. Movabl e charge plate 72 is formed by a nethod such as filling recess
172 with a tenporary material, depositing novable charge plate 72, and wet
et chi ng th‘@oﬂgﬁﬁ@?ary filler material that filled recBSKUSO¥4#54 St ffener 80
is formed upon a portion of novable charge plate 72 as depicted in flow

bl ock 178. Vhek ¢7DakdtahPbgy S ofthe dnBdsihg SisRA%dd BifioRfs fRWAR! e charge plate
72 precedes 15 renoval of filler material in recess 172, patterning of

mul ti pl e t hneeigReild @kBeedmodi ¥t @ @IePhaterfale undul ati ng suspensi on sections as
di scl osed herein, will facilitate renoval of the filler material.

Accordi ng to t herhk marablt tapitdre Bhdepictedin Flganei1bls@orfleddydoriningdowanit er i al 102 may
be forned 178 over the fixed charge plate. The variable capacitor 100

i 11 ustrated substrdtd igd ingreck 17 Banfl Grmieglfixet acuarvaplare 1 422upom lbwer subetrate2@4.var i abl e
capacitor 66. Prior to formation of novable charge plate 104, flexible

di el ectrisic Eleaytairsulis@e i 49 if formeeitherh depasitiniglot echingartes potionofredessi s t 0 be
removed to formrecess 172 as depicted in process flow block 176. After

f1 exi bl e di é7edixed chatgaplete 13809foined fipon levhied syhatrateckd andg fferymagsridddede or fol | ow
renmoval of the filler material disposed in recess 172. \Were patterning of
flexibl e di bt ewpyed&llsagpes |72 dpingihetomepsien of dpablpdicletrictiayer (Retpicredmat erial in 16
14 June 2005 WO 02/052592 PCT/1JSQ /44454 recess 172, Patter ni ng of any
one of the awerdingtosmgodpeissidordhereacVhonixed shagge ploteddbmd fikpdr i n, wi I |
facilitate renoval of the filler, terial. The yariable capacitor 134

depi ct ed i nEaP tei%*ﬁ’%“%?% e’%&%n?‘?%fnﬁa]ﬁd’aﬁt% rom thegamemetal 144 in recess

RIS S AN
PorL oD OF SRR LIS IR Sk pd upon elevatec
The variable capacitor 178 depicted in Figure 18 is formed by forming lower
substrate 160 in recess 172 and forming fixed actuator plate 158 upon lower substrate 160.
Elevated substrate 156 is formed either by depositing or etching into a portion of recess
15 172. Fixed charge plate 154 is formed upon elevated substrate 156 and a filler material to
be removed fills recess 172 during the formation of flexible dielectric layer (hot pictured)
according to embodiments set forth herein. Where fixed charge plate 154 and fixed
 actuator plate 158 are at the same height, they may be patterned from the same metal
layer. Variable capacitor 180 is formed by a similar method with the added limitation that
20 movable charge plate 162 is patterned to form movable actuator plate 164.
Distinct advantages exist for the present invention. One advantage is that a tunable
range is achieved that was not achievable in the prior art. Because of the presence of a
stiffener as disclosed herein, the critical gap between the movable charge plate and the

fixed charge plate can be smaller than what was allowable in the prior art. Consequently,

25  the tunable range of the variable capacitor may be more than 100%. As applied to
17 - :




be renoved fills recess 172 during the formation of flexible dielectric

| ayer (not pictured) according to embodinents set forth herei n14whéne 2005
fixed charge plate 138 and fixed actuator plate 142 are at the sane

hei ght, they nmay be patterned fromthe same netal 10 |ayer. Variable

capaci tor i Sohormed by a simlar nethod with the J,mtation that
novabl e chéafﬁggb% 9Eat es 150 are patterned to form novab?ggg%tvlﬁlé‘%gor pl ate 152.
The variable capacitor 178 depicted in Figure 18 is formed by form ng | ower
substrat e 16Greless tichobgg b w2y dnch-Hnoiting ergnpld, the ehrialdt capdcivor ofthagpresek 58 upon | ower
substrate 160. Elevated substrate 156 is forned either by depositing or

et chi ng i nt dnventjpo mey evablod wirdssedewicelts ofer, at Milligldlbaodrandhes WOMHEy, 154 is for nmed
upon el evated substrate 156 and a filler material to be renoved fills
recess 172 diklzi and 24 Gélzf Trusarenserivendesign ma bgickangrid & esghle thasaingyasipblg not  pi ct ur ed)
according to enbodi ments set forth herein. Were fixed charge plate 154 and
fixed actuatnspitoplode used fogthgyagionsifrequseciesane hei ght, they may be patterned

fromthe same nmetal |ayer. Variable capacitor 180 is fornmed by a simlar
met hod wi% h t he Alterdyantageisihat 815 etablithmon) apdRontpy! evepapssRiEdpl ate 162 is

patterned to faorm novabl e actuator plate 164. Distinct,advantages exist for
t he present FRYERESIPPS W‘%@G%&ﬁ%ﬁ&'mgrﬂfﬁé@c' f[’fﬁsﬁ‘lffgftﬁlersﬁ%@r igs achi eved

t hat was not ievable in the prior art. Because of the presence of a
sttt ener | aenfifhisEuseeParion Sl oicar B SR Bl A% B ovani o char ge
plate and th fixed charge at.e can be | l.er .t at was allowable in
the prior af:ﬁngedg?{g}gcﬁﬂ@ﬁlf iI%{}qS% ?"%rlleeca G q%g% P ﬁ‘ﬁg"et' o"?tn?r’rvl% vari abl e capaci tor

may be more i%)grgtganaog c%’atid%tsmé A Ealgita@% ya% &BC)I/JSZG h%ﬁ‘égl}‘}aH% fgr%pegtcr.ama)?m 052592

PCT/ USOI / 44 ess way non-1I"i'mting exanple, the

vari abl e,,capaci tI{P!xddﬁ’nlfm AT {i&%g%hnsgg%ﬁg}i%%aﬁ%%g%ﬁga Wi rel ess device

to operate at nultiple bands su , and 2.4 GHz. Thus,

transceiver sﬂﬁeﬁsm SPRYEMREWRBIR OGS ish 8 SRpRLEas ki Rrh 8B Var i abl e capacitor to
be used for the various frequencies. '

It will be readily understood to those skilled in the art that various other changes in

the details, material, and arrangements of the parts and method stages which have been
described and illustrated in order to explain the nature of this invention may be made
15 without departing from the principles and scope of the invention as expressed in the

subjoined claims.
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5 Anot her advantage is that the establishnment and control over Qiﬁkfﬁbﬁ%
capacitance is nore predictable and therefore nore reliable. The presence
of the stiffener and the broken surface suspension significantly reduces
t he capacitance that does not change near the term nal ends of variable
capacitors of the prior art. Further, the separation of actuation and
capaci tance as disclosed herein allows for greater control. 10 In addition
to undulatinqgﬁgiﬁggsions for variable capacitors, undulating suspensions
for MEMS swit y also be enployed as set forth herein. It will be
readi | y underwheqdchindingse skilled in the art that various other changes
in the details, material, and arrangenents of the parts and nethod stages
whi ch have been described and illustrated in order to explain the nature

of this invenfion JRYeHeebBsiBechmidd M?QQM ﬂ&%ﬁhgﬂg t he principles and
e e

scope of the invention as expressed in t subj ol r Clainms. 18 14 June
2005 CLAI M5 What apdurelityiofiytENIS caphcitoxs mirayed imparaliel anecitraiti cal ( MEMD)

capaci tor conprising., .a.: ral i it . in parallel in
acircuit; a fi rsta']%%s{%tﬁﬂ%&sxéém%w@%ﬁer% W cﬁ%@é%ﬁ%&%apaci tor,
wherei n the fistrssitch hast cfirstwadtage Elosusé thvedhdldgadc| osure threshol d; and a
second switch that is i,n series with a second apacitor, wherein the
second switch has aé@é‘ﬂﬁ%&/‘b?‘t‘éﬁb“&‘%@’ﬁﬁ@S‘?"HP&E@% H‘?_ﬁ‘fori ‘é’h‘ﬂ'?'ahe_r t han
the first vaghd@8endsvwaehhss 4 ScaihWidge dosuld@rddEdE td RaksHcPthap &0 di ng to
claim1l1, wherein the at |east one swmtch conprise at |east one MEMS

switch. 3. THEstyeNsecksueithssholbcording to claim 1, wherein the at | east
one switch _ ,

2. The MBEMS capacitor according to claim 1, wherein the at least one switch

comprise at least one MEMS switch.

3. The MEMS capacitor according to claim 1, wherein the at least one switch

comprise at [east one parallel plate switch.

4. The MEMS capacitor according to claim I,IWherein at least one of the
plurality of capacitors has a movable charge plate.

5. The MEMS capacitor according to claim 1, wherein at least one of the

plurality of capacitors has a movable charge plate, wherein the plurality of

capacitors is configured to achieve a plurality of linearly stepped capacitances.
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conprise at |east one parallel plate switch. 4. The MEM5 capaci49/June 2005
according to claiml1l, wherein at |east one of the plurality of capacitors
has a novabl e charge plate. 5. The MEMS capacitor according to claim1,
wherein at | east one of the plurality of capacitors has a novabl e charge
pl ate, wherein the plurality of capacitors is configured to achieve a
plurality of linearly stepped capacitances. 19 14 June 2005 6. The MEMS

capaci tor accpordi L1 ; r.ei n . he urality of
capacitors haés? a %&m@%%‘érég“&?&%*%ﬁ%‘r‘%?’ﬁ%ﬁggﬁIgésé%”?"t%/fwé‘% capacitors
i s confi gur edblteligaficaaeitas pisurmbdvable chbirge iphatg whyrehi dapplehlicagfaci t ances, and

wherein the at | east. one of .the . plurality of..capacitor,s hayving a novabl e
charge plat SAPLIUS S r(TdE%acg&‘ffé\?h‘rﬁ}éﬁf’ﬁﬁaﬁi’?e’&edi%a&w "ate st epped
capaci t ances.and whéfeen iWEMIca0DRCHMURE plafs! ofichghcitérs Bhvihih MovikleEiige at | east
one of the pl uralltg of , capacitors has a novabl e charge plate, wherein the

plurality of Pl¥assentigied toaclugyss plurelity of sntganaimiesteppst taparitangesef
geonetrically stepped capacitances. 8. The MEMS capacitor according to
claim1l1, wherein at |east one of the plurality of capacitors has a novabl e
char ge pl at e,7- whed&¢ MEMS cfagitariaceopdiog to Jaipakivthsrain atdeasborfeiaftheed t o achi eve

a plurality ' | t , in the at

| east one of %Elﬁ%ﬁg Eﬁé@%‘ﬁ@g %a’rsaé.‘gd&g@?tcg?%ggﬁ@/er %g&gﬁl thn%ﬁ/]g‘bapgedgﬁar ge plate is
confi gured t camctiors isecoafigired @l achigveod plurdliey afitgtombiicsllyeqqppdd capaci t ances. 9.
The MEMS capaci tigr according to claim1, wherein at |east one of the
plurality of c@?fﬁ M%rs has a novabl e charge plate, wherein the plurality
of capacitors is configured to achieve a plurality of exponentially

st epped , . . .
8. The MEMS capacitor according to claim 1, wherein at least one of the

plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of geometrically stepped
capacitances, and wherein the at least one of the plurality of capacitors having a
movable charge plate is configured to achieve a plurality of intermediate stepped

capacitances.

9. The MEMS capacitor according to claim 1, wherein at least one of the
plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of exponentially stepped

capacitances.

-10.  The MEMS capacitor according to claim 1, wherein at least one of the
~ plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of exponentiaily stepped
. capacitances, and wherein the at least one of the plurality of capacitors having a
movable charge plate is configured to achieve a plurality of intermediate stepped

capacitances.
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capaci tances. 10. The MEMS capacitor according to claim1l, wherfiypie POOS
one of the plurality of capacitors has a novable charge plate, wherein the
plurality of capacitors is configured to achieve a plurality of
exponentially stepped capacitances, and wherein the at |east one of the
plurality of capacitors having a novable charge plate is configured to
achieve a plurality of internedi ate stepped capacitances. 20 |'p 14 June

2005 11. A mcro glectrponechani cal ) _capacitor. conprising: a
plurality of rT1\’EI\/B 5‘&‘58?@8?@%3?‘3%@%%&?%°R MR rst circuit; and
at | east one SWit%fplﬁhiii?mddﬁmsw&mwrﬁﬁd&ipdrﬂ%ha()ﬁﬂtcifcuttfmldpl urality of
MEMS capacitors in the tirst circujt, wherein each o th?ue_at IFast one
switch is actuat dlepstons svid ﬁﬁ%ﬁstmﬁ’(ftéeé’fté’ﬂﬁo fhe F88t t ance val ue
of the first MEP/FS’éaﬁ)acitoﬂs%nﬂgﬁsﬂ\@ﬁ'@mﬁ&?&hé&ho@ﬂﬁ%%ﬂ%&w&d}ﬁkm 11,

eas

wherein the at one swtch conprise at |east one MEMS switch. 13. The
MEMS capaci t cictuated drot sspepms] eifcaitte astablighha papapitanpe vadue ofdhe firshefecuits i ¢ ch
conprise at | east one parallel plate switch. 14. The MEMS capacitor
according to claim1l, wherein the at |least one swtch further conprises:
a first switci. thdthe MEMS capacitesacedrtingdo tlainsi 1, MEBictp aticashppe wherei n t he
first swtch has, a first volta losure threshold; and a second swtch
that is in ses?’”?tggowlﬁfeﬁt%g%%%%ﬂgsﬁ%aci tor, wherein the second switch
has a second voltage closure threshold that is higher that the first
vol tage cl osure threshol d. . . . )

: 13.  The MEMS capacitor according to claim 11, wherein the at least one

switch comprise at least one parallel plate switch.

14.  The MEMS capacitor according to claim 11, wherein the at least one
switch further comprises:
a first switch that is in series with a first MEMS capacitor, wherein the
first switch has a first voltage closure threshold; and
a second switch that is in series with a second MEMS capacitor, wherein
 the second sﬁtch has a second voltage closure threshold that is higher that the
first voltage closure threshold.

15.  The MEMS capacitor according to claim 11, wherein at Jeast one of the

plurality of capacitors has a movable charge plate.

T 21




15. The MEMS capacitor according to claim 11, wherein at |east ppgule P05
plurality of capacitors has a novable charge plate. 21 14 June 2005 16.
The MEMS capacitor according to claim1l, wherein at |east one of the
plurality of capacitors has a novable charge plate, wherein the plurality
of capacitors is configured to achieve a plurality of linearly stepped
capacitances. 17. The MEMS capacitor according to claim1l, wherein at

| east one of e tﬂ[@fi@ls' j I r pl at e,
wherein the plltdar aljg%ll?y 0 %g%g@:ﬁ%g@g&%g%@ﬁﬂ,&%ﬁ?{%&gﬁ |e°gglea plurality
of linearly siepiref canaoitirs bascasgvablervtiangh plats, wheden the plussdist ofone of t he

Beni ove & pl GPERRl fan el iR ol Bty Rl sapec a0 Ve

capacitor according to claim1l, wherein at |east one of the plurality of

capacitors h a mv charge pl ate, \Age_rein he plurality _of capacitors
is confi gureg%to gﬁﬁ?’ﬁ%}gsm&?i’?@‘”&f" %W@Fﬂ%ﬁ"é‘?féﬁ‘ﬁ@g&e .

capaci t ances phikRlity dheaphEiides m@%%vfam@_cﬁﬁgeﬁﬂtepﬁhé@in%@?lﬁiaﬁﬂyofWher ein at

| east one of the, plurality of capacitors has a novabl e charge plate,

wher ei n the [SRRACKPT {S,cofiguredipachict aphuslisonflingenleeicnped sermritapeesa pl ural ity
of geonetricahd ¥hStRRREH leagla&é%%%gﬁé?’%@ NN h% m%abllee@f cone of the
va [ g%u

plurality of capacitors having a e charge pla I'S con red to
achi eve a pl pletdis egnfiguradrie echievdiaglwality of peamediappatippathapacitai@s. The NMVENVS
capacitor according to claim1l, wherein at |east one of the plurality of
capacitors has a novable charge plate, wherein the plurality of capacitors
is configured8.to TedMEMS eappditor addotdingto AN ewhérainlayleadt@pPetihe

capaci t ances. . .
P plurality of capacitors has a movable charge plate, wherein the plurality of

capacitors is configured to achieve a plurality of geometrically stepped

capacitances.

19.  The MEMS capacitor according to claim 11, wherein at least one of the
plurality of capacitors has a movable charge plate, wherein the plurality of

- capacitors is configured to achieve a plurality of geometrically stepped
capacitances, and wherein the at least one of the plurality of capacitors having a
movable charge plate is configured to achieve a plurality of intermediate stepped

capacitances.

| 20.  The MEMS capacitor according to claim 1, wherein at least one of the
' plurality of capacitors has a movable charge plate, wherein the plurality of
_capacitors is configured to achieve a plurality of exponentially stepped

capacitances,
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22 14 June 2005 21. The MEMS capacitor according to claim1ll, Wheuren2805
| east one of the plurality of capacitors has a novabl e charge pl ate,
wherein the plurality of capacitors is configured to achieve a plurality
of exponentially stepped capacitances, and wherein the at |east one of the
plurality of capacitors having a novable charge plate is configured to
achieve a plurali ty of internedi ate stepped capacitances. 22. A mcro

el ectronecha caI \VS3
capacitors arraye I'n-par %?]Fa%ﬁb"ta% Iﬁ]wé%@g??ldtﬂeguy&g%féﬁeﬁgéﬂg one switch
aligned in s@mhwftipamtor‘shwmmlmwplapd mhaﬂelrttileplmralmﬁs capacitors in

the first circuit, erein C t t ast one, is actuated
froma respec”t"llj’@f‘ét fsr’lﬁ%%ﬁgﬂ@ﬁ?o ?:clhfeé'ﬁiatpﬁir%ﬁ%gf Rerdy AY%I:F gPaci tance val ue of
the first cirgGpiditancds and WherdeMbe Eﬁaﬁﬁbﬁﬂfftﬁ’@;ﬂﬁfaﬁtyﬂgchﬁcﬂdyr&hmlﬁ@a wher ei n

the at |l east one, switch conpri ast one VE h. 24. The MEMS
capaci t or acéB‘P‘@P]ﬁg‘h%r&eElaﬁlﬁF‘?‘éiguwaé? éﬁ%‘F"Fﬁé’l‘gﬁhtVQ E’Eer@ﬁ@ate&ﬁ’?@n conpri se
at | east one &k plate switch. 25. The MEMS capacitor according to

claim 22, wherein the at |east one switch further conprises: at |east two
switches in an independent circuit -conprising at least a first swtch and

a second swi toh, eiel Deliied:dihitl YLV llASidt bispilinyo! tage cl osure

t hreshol d an Secon as a se vol ta osur_e t hreshol d t hat
is higher that th@lﬂﬁgbfm&wamtwsmeﬂm;mﬁmmaﬁmtcirfhé; aBMS capaci t or

according o cl ai m 22, etk hiled S 85les 9AF aPleaklB oPhp kY0P CaPECI LTS

MEMS capacitors in the first circuit, wherein each of the atf least one switch is

actuated from a respective independent circuit to establish a capacitance value of

the first circuit.

23.  The MEMS capacitor according to ¢laim 22, wherein the at least one

switch comprise at least one MEMS switch.

24.  The MEMS capacitor according to claim 22, wherein the at least one

- switch comprise at least one paraliel plate switch.

25.  The MEMS capacitor according to claim 22, wherein the at least one
switch further comprises:
at least two switches in an independent circuit comprising at Ieast a first
switch and a second switch, wherein the first switch has a first voltage closure
threshold and the second switch has a second voltage closure threshold that is
" ~ higher that the first voltage closure threshold. '

'26.  'The MEMS capacitor according to claim 22, wherein at least one of the
plurality of capacitors has a movable charge plate.
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23 14 June 2005 27. The MEMS capacitors according to claim 22,130RirRs 2OA5
| east one of the plurality of capacitors has a novabl e charge pl ate,
wherein the plurality of capacitors is configured to achieve a plurality
of linearly stepped capacitances. 28. The according to claim 22, wherein
at | east one of the plurality of capacitors has a novable charge plate,
wherein the plurality of capacitors is configured to achieve a plurality

of linearly s£pp g@ﬁﬁ%i , enel h at | east q of the

plurality of cépagﬁ?ors avﬁ%%ggaﬁgga %g”%%%ﬂﬁ%“%ﬁgﬁgﬁ%?%‘%Sﬁfﬁﬁured to

achi eve a pl ynedalityyof ofpacitdre hasedinavablestharpe othte ayhareist tha plasalitPSE The MEMS

capaci tor accgrding.to aim 22, .wherein. at_.l.east one of the lurality of

capacitors ha , © capacitors
tors: na@bSiE it Corelellid Bnid e R i b i s e capactest -

is configured to achieve a plurality of geonetrically stepped

capaci tances.__30. ,%he NFE‘ilVE cg}iaci tor_according to_claim22, wherein at
| east one of %Bhe THEaFRFIREofam2ewhergingt eaet one pbtha pluglitnaf ge pl at e,

wherein the Rhubcitbisths Qifnovélﬂ@élﬁ:k%é}ﬂeﬁe,iﬁhe?&ﬁ‘?ﬂ;ﬁ%%ﬁﬂ%%c%%l&%’& a plurality
of geonetrical stepped, capacitances, and ereih the at [east one of the
plurality of <@ tgraghipend plyrality ofdineds]ystepped capagitagees, angl whendin her ed t o
achi eve a pl | 'Pﬁgﬁ- } . i .31. The MENMS
capaci tor ac%f)%gs:ttﬁge ?tf)th%: al m@%&b\%grg}esﬁﬁgﬁg alngog’gﬁlggf%%g%ﬁ%%eﬁg plurality of
capaci t or s hasnfigunsita btlecwehagrgrelityl of irdermetiiatesstepptdeapptitinedsi t y of capacitors
is configured to achieve a plurality of exponentially stepped
capaci tances. 24 14 June 2005 ‘

29.  The MEMS capacitor according to claim 22, wherein at least one of the

plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of geometrically stepped

capacitances.

30.  The MEMS capacitor according to claim 22, wherein at least one of the
plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of geometrically stepped
capacitances, and wherein the at least one of the plurality of capacifors having a
movable charge plate is configured to achieve a plurality of intermediate stepped

capacitances.

31.  The MEMS capacitor according to claim 22, wherein at least one of the
_plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of exponentially stepped

capacitances.
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32. The MEMS capacitor according to claim 22, wherein at |east p¢ifie POB5
plurality of capacitors has a novable charge plate, wherein the plurality
of capacitors is configured to achieve a plurality of exponentially
stepped capacitances, and wherein the at | east one of the plurality of
capacitors having a novable charge plate is configured to achieve a
plurality of internedi ate stepped capacitances. 25

32.  The MEMS capacitor according to claim 22, wherein at least one of the
plurality of capacitors has a movable charge plate, wherein the plurality of
capacitors is configured to achieve a plurality of exponentially stepped
capacitances, and wherein the at least one of the plurality of capacitors having a
movable chérge plate is configured to achieve a plurality of intermediate stepped

capacitances.
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