;e3e,d6TqT!-" 2 ...~ WD 02/0S2592 PCT/ USOL/ =t=45:4 C . , MEMS- SW TCHED _
STEPPED VARI ABLE CAPACI TOR AND METHOD OF MAKI NG SAME BACKGROUND OF THE N
| NVENTI ONWBI 81032592 t he | nvention The present invention relghessogangial |y {%2/
a nechanically switched capacitor. Mre particularly, the present iInventi
relates to a capacitor that may be stepped by mechanically sw tchi ng on and
of f addition aC|tor Additionaliy, the step

capaci t or @%‘Qgﬂfﬁﬁh‘%%ﬂ\? Y¥ARIABEELAR %@IWR&NIRM%THQD F 10 One

of the difficulties of i ntegrated Ci rcwt Rﬁelkagl ng is that selected | arge,
usual | y passi ve devices that may silicon with an integrated
circuit (10, have structures that are not conpatible with integrated
‘fabrication of the traditional active conponents such as field effect
transi st or BAGKE g MUENHION aced of f chip, but their flexibility
may be |imted. For exanple, prior art on-chip variable capacitors are 15
'based on varactor diode technology that have a tuning range of |ess than
about 25% Fiald bfwhe Invemtiomcr easi ng conpl exity of m croel ectronic devices

such as conputers and handhel d devi ces, has given rise to an increased need

for wider rangegho reﬁﬂﬁﬁ@éﬁ't bh PeXatés:%)Pé?aQ’lﬁj ¥ & n(?e%mn?c%ﬁ{l F\QP&‘%@ c?pﬁp g 1s

varactor that nay be used as a co "hand- heId

d f t 1Q that I | ustrat
pasi ¢ compaanpirtefar? uf pRSOR e kBl fa Bkl hhondy sae%m ¥ 12 mmy be a
{echnol ogy agricdfsqf °‘°"ﬁg%.’ﬂ%“*@ oAt AR5 PGSBS B it Bea s 1

t echnol ogy oW pu

Addi ti onaII apaci.tors have a capaci tance t unabl e
range that %%peﬁlché)a[cn t"?)e F?{‘éca\%f‘)'? G0l exceeding the critical vol tage
(Vc) thereof. At Vc, the nmenbrane col | apses and the capacitor shorts out.
Addi ti onal ﬁscrﬂ?ﬁntogRteEE !skjapen5| on nature of the prior art capacitors, the
center por e menbrane draws closer to the fixed el ectrode
than the edge portions. This phenonenon creates a greater |ocal capacitance
at the '8enter oPne efche difficulsies ofipiverated sirevitmackaginglisthetiglectod iargepnmaldy t he
flexi ble menbrane where it is anchored. Additionally, froma production

st andpoi nt passixg devi¢es tigemay be plpeedion aiticerswitlman inegratedlereit(IC), havet 0 a si ngl e
capacitor such that one capacitor may fit several applications. 10 BRI EF
DESCRI PTI OstruCrureiHiat BRAW MBSpalihle ovithantegrhtad fabnieativa ofithe tiaditivduil adtive he
above-recited and ot her advantages of the invention are obtained, a nore
parti cul ar catemoentpsichas H¢ld effect itransisndrs.oSonirr doafpoyentangy begated b ckripybut! be
rendered by reference to specific enbodi nents thereof which are illustrated
i n the appéwoiddxibilaymagse lihited Fer eltamplen piSor drti dnechsid variablel Egfacivdrd dre e provi ded
with Iike 15 reference designations. In order to show the structures of the
presenti5i nbaed oovaramatdicde eschhylogyt thet hdveyfuniag rainge bridadhdnebeit2 &, €

di agrammatic representations of integrated circuit structures. Thus, the

actual appeatiRnthe iftreabiRg corapleki fﬂdcr@élédﬂ@h%rd@ﬁccsfsﬁéh £¢3MBhtRrsiafd Rand-
phot om crograph, may appear different while still incorporating the

essenti al Rdld Hotiass s Bivert R B FRAhsed NI Yol Wlier MYRES OF Sferatilftf iflfRWN9s show
only the structures necessary to 20 understand the present invention.

Addi ti onal &fdes!COHE @)émlﬁl%qy‘@vérﬁ’ctéﬂﬁat%a&ggﬂye% aﬁgtco:n SHant ﬁlcggﬁnﬂertoq iffpl ntain
the clarity of the draw ngs. Understanding that ese ravm gs depict only
typical enpadiHdRibesicef the invention that are not necessarily drawn to
scal e and are not therefore to be considered to be Iimting of its scope,

the inyention vmgl(.jrebﬁssi ?\%ﬁ\h@@ﬂ?w PP ﬁ%gﬁ?ﬁmg’%%% Gifipchend and

explained with a tional speciticity an use of the
.acconpanyi ﬂglugéoat\p{'eljggl is 5 Qap\é'mo?lh Capacitor 12 may be a variable capacitor, also known

as a varactor. The prior art varactor diode technology has a low pull-in effect.
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Figure 1 is a schematic view of a circuit that illustrates basic
conponents; Figure 2a is an el evational cross section view of MEMS

capaci t or war@asgiong to 5 one enbodi ment of the invention; gd@uéRds4i S an
el evational cross section view of MEMS capacitor according to one

enbodi mrent of the invention; Figure 3a is an el evational cross section view
of a MEMB swiditibnadlgcmiodian metmbrank eapariesehrdve iagepmitinoatundlde fangethet i8Sb i s an
el evational cross section view of a MEMS switch according to the present

i nvention; Finged éuedo the valisgeereeting theiceiticad olsage (V cjuhdrecfe gn¥ntthe hat
illustrates an inventive stepped capacitor; Figure Sis a plot of stepped
capaci t ancemammbrunt bélRpéed Andthe tajaciwe sidagoua cAddisonaig didtohd dusensibi Cui t ;
‘Figure 6 is a schematic view of a stepped and vari abl e MEMS capacit or

accordi ng t pateRef MR srectpadiors; the cprit@SRAToniofi MR TlekiBle mdnhigtatieairavd Gosar
schematic view of a stepped and vari able MEMS capacitor according to one

‘enbodi meat  gfthé RLedUIQRHBH thar e BAdePoitiond. ThigpieAoReron caeaﬁzﬁbgfmei focili ew of a
st epped and vari abl e MEMS capacitor according to one enbodi ment of the

present i “V@%%&i%ee tititileRtePof the Adkitsit M¥AbIaRE Han &F RS &igt BEibAN L helxPle @
vari abl e capacitor according to the present invention;, Figure 10 is an

exagger at ed i I, . ~gection view of the variable 25 capacitor to
illustrate lrngrng’ya?l\&/gvﬂ\)\g'gr“ﬁlg%@ﬁgrfeaa MEMS devi ce; 3 WO 02/ 052592

PCT/ USOL/ : 4~=45a, Fi.gur 1 ] J i e f var | capaci tor
depicted in Fi gu’?\%dl ?"alﬁ?' ’é}fﬁormeg R%décglgggaéquﬁggi%#a%g ro(gé ?gﬁéa@% %52@1& g?tew of
anot her enbpdi t. of the vari.abl e capacitor: Figure 135S top view of an
al ternati vegﬁel‘?tr)[’glﬂf 'H@rﬁs"ﬁe ‘fa%c'\?%lsr”icgg]a O'Facﬁﬁ%clh?rotpggﬁt 8‘[’)?%?8%%?%0'% gure 9;

Figure 14 is a top view of an alternative enbodinent of the variable

capacit depi. ¢ ' F gy, kS a top view of an alternative
enbodim(iét E&I’. g—w—%ed in Figure 9; 10 Figure 16 is
an el evational cross-section view of another enbodi ment of the variable
capaci tor; Fi gur & orderithat the manasran vhish theapawesrecitsdand Athey adypniagesinl e t er nat i ve
enbodi ment of the variable capacitor depicted in Figure 16; Figure 18 is an
el evat i onal inyewinn-aseehtaingd, ¥ mete refticalap deseriptionted theriwvsntios briclk dassiibesk | abl e
capaci tor;

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



Figure 19 is an el evational cross-section view of an alternative enbodi nent
of the variable capacitor depicted in Figure 18; and Figure 20 is a process
fl ow di agwayadasde2i | | ustrates the inventive nethod. 20 4 pMi&4/419E4592
PCT/ USOL/ ~4: 4~5~ DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present =~ -
invention relates to a mcro el ectronechani cal structure (MEMS) stepped
capaci t or tandlexpimyedilpadiitionalr spedifidtylaed deteihthsdugh tredise afthe adcampawingFi gure 2a
illustrates one enbodi nent of the invention wherein a MEMS capacitor 5 22

i ncl udes a drawiags ialvdige pl ate 24, a novable charge plate 26, and a
dielectric layer 28 that prevents shorting therebetween. Additionally, MENMS
capaci tor 22 i n@igidey idg£icahattivigW aft £srcoid tHahilusttased basiEtongbhertd;i al to pul |
‘movabl e charge plate 26 toward fixed charge plate 24 in order to vary

capaci tance t herpggirk R fs an BYdvhicHal ossfséofiofl vieRasfOBENIR akiackdt adddediggtouat i on
pl ates 30 are di sposed upon a substrate 32. MEMS capacitor 22 may be

‘referred t qRemBodithehi Jfsite iGeRAGA;t Or type. O her enbodi nents of variable
capacitors are set forth below. Figure 2b illustrates a second enbodi nent

of the inventi o hengiantl gﬁﬁe@%&gp vied fMEMA apRidd XQRdiRPRY 9e pl ate

24, a novabl e charge plate 26, a dielectric layer 28 that prevents

shorting thef{f{%?*%m%%{'}@@veﬁﬂg@d tor 23 does not include actuation plates

30 such as 1 use I rsSt capacitor type. Thus, at a certain DC 15
actuation volta vabl e ch . 26 W [ tric

| ayer 28 will agﬁg'ﬂg? A lsaar?a“‘/l oF 1@%&{&&? %ﬁgﬁgg\ﬁdaérﬁééﬁ %’Il/lg? @%4%%&%?%§%aci tor
23 may be referred to as a second capacitor type. O her enbodi nents of
vari abl e caAS¥MtBYL e set forth below. Figure 3a illustrates one

enbodi nent of the invention wherein a NEMS, sw i ncl udes,. a .fi,xed
charge flate 24,F'&“'1el3§>ﬁ‘lﬂ eValpraL Fof SsTten IV Q&ﬁﬂ?%ﬁ&‘%f‘“@% t%\%/Qetch 20
34 includes actuation plates 30 that use a DC potential to pull flexible
switch pl at eS8t IEAPR fi xed charge plate 24 in order to close the swtch.
Typically, fixed charge plate 24 and actuation plates 30 are di sposed upon
a substrate 32. Higwnedds aprhemplicsyipw pEaCiEHi serment gl ISFRIeE ABHIMVERUVEMS swi t ch
35 that may be used. It can be seen that the MEMS switch 35 nmay be a

paral | el plsieppedodpaeilprivi th a structure 25 sinmilar to MEMS capacitor 22
depicted in Figure 2b. A substrate 32 supports a fixed 5 WO 02/ 052592
PCT/ USOL/ ~a: t 5: 4Fignrjea plonofstepned oapenitandeias a dunstien efehpydiage aossthey | exi bl e
swtch plate 36 that may be pulled toward fixed charge plate 24 to cl ose
MVEVS swid chsvdtch ckbwgjire 4 il lustrates what may used in the place of
capacitor 12 as it appears in circuit 10 of Figure 1. A stepped capacitor
14 is depicted thigire éichsdematc vibwoaa stepped hnd eapiatle MIEMS tépagitar agaodding
parallel in a first circuit 18. Additionally, a plurality of switches 20
are al i gnedid ghe eRbbdMmel df thedpgamiinvenson] 6. 1 n one enbodi ment, there nay be a
circuit with n MEMS capacitors and m sw tches, wherein nxkn. For exanple,
where n=2, m mayFipgreeTidalscematic vikla€ £ stepped and catiable MIEMS chyvieor avgordiagpaci t or s
and only one switch, and the

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



switch would be aligned wwth only one of the two MEMS capacitors.
Preferably, the plurality of switches includes at | east one MEMS switch as
set forthwueezispse2l n order to achieve a stepped capaci tanc]qu/ﬁglﬁMgﬁr“f ace
area of the MEMS switches may be graduated such that a first swtch that is
in series with a first MEMS capacitor has a first voltage closure threshold
and a second swiRigiretlnag a iop cutravwag viemsofithe Variabls egpanitor NEpiBed aydtigiire &y has a
second voltage closure threshold that is higher that the first voltage

cl osure 15 thr edtigird.12Than cdohaoml crags-sbetion ivw ofupdtheietbotiingent ¢f thd near | y
stepped degree of capacitance is proportional to the voltage that is

i npressed awdriable chpatidr; circuit 18. For exanple, if the plurality of
'switches is MEMS switches 34, a nom nal voltage increase of | unit of
voltage to 2 unigigurRf13v9d topgRwéflah aBériRive emBodifed of BRAGHAIGPadilBEr €ase from
1 unit of capacitance to 2 units of capacitance by causing one nore swtch
'‘to cl oses 2@piiddl iR FigRfe apaci tance increase as a function of nom nal

st epped vol tage increase according to this enbodinent will have a positive
sl ope as depi ct qﬁig&:‘% 151i 94op viRw AGR ARGhAGE ¥mbBdilkMERthe VAR dapiker F €Sponse
38 to increasing voltage scheme nmay be achieved wherein the relative
surfaces arg | M5 switches vary linearly. Another enbodi nent of

t he presentﬁﬁﬁygﬂ??gﬁnggnprises MEMS switches that have 25 a geonetrically

the present' ses NEN swi tches __ _
6" W 02/ 052507 Bl SRR ofanoferifue Bmn e AR shpachf 2Pl A0

nom nal steé)eoecﬁedvio tagee, but the slope of the function 40 will be | ower
than that of the Ti e r?’y i ncreasi ng stepped schene. Simlarly, the present

i nventi may have an_exponentially increasing.surface agrea suych as 1, 10,
100, 1, 80 et o, Mgy g BRAGahbR) it pion nTPhe et e ar

capaci t ance i_nglr ease. W | | be a function of the nom nal stepped voltage

i ncrease acY¥@RCSPRASI¥Y capacitor 14, but the slope of the function 42 will
al so be lower than that of the linearly, ing¢reasing stepped schene. Figure 6
i | lustrates anotigyrediride sleationst crﬁﬁéFFCtWﬁW'%oﬁ?é‘ége'i“ﬁwﬁIea'@@d'B‘F“tc?ﬁH}fci tor 12
as it appears, in circuit 10 of Figure 1. A stepped capacitor 15 is depicted
t hat i ncl udeasiablesppactioridepictsd inckigeeilbors 17 arrayed in parallel in a first
circuit 19. In this enbodinment 10 capacitors 17 are a conbination of a
varactor and a dSHigereH8 is #n el¢vatonahtressrsaetion viesy efrfapthersmhedinpat efdbeuat i on

vol tage are applied together. Capacitors C, through C' may be of different
sur f acet@r evarighlesapasitorh t hat each will collapse at a different DC voltage.
Thus, by stepping the DC voltage, a stepped total capacitance may be

achi eved. Accor dfigupteyl9 isaregippationahcrossessétiog viayr dianaltennative embpdimentioftieenent ed
as set forth herein. Specifically, 15 linearly, geonetrically,

exponent i al Variablerdpacooraiepated imFigdre $8;aapded i ncreasi ng surface areas nay be

i npl enented in order to achieve both digital and virtual anal og varactor

ef fects. Furt herFigefei20iit & priocest flowmdagraimathard!dstraws the irgyehtiveamythadne of t he
above three schenes may be acconplished by the independent tuning of any or
all of the capacitors as set forth herein. Figure 7 is another enbodi nent
of the present invention. A variable stepped 20 capacitor 44 is provided
wWth a gapacitor first circuit 46, wherein individual capacitors 48 are
conbined with a plurality of MEMS switches according to the first capacitor
type set forth herein in order to achieve a preferred capacitance. 1n this
enbodi ment, at |east one of the plurality of individual capacitors 48 has a
novabl e charge plate. Each capacitor 48 is depicted as having a capacitor
tuning circuit 52, but it is understood that between one 25 and all of
,individual capacitors 48 nay be variable with a capacitor tuning circuit

52. In 7 WD 02/052592 PCT/USQL/: 4~4~5-4



this enbodi nent, the increasing capacitance schene is controlled by a
plurality of DC voltages: DC through DCn Again the specific surface areas
of the caparéd@e®2C, through Cn may have any of the |inearpcgg§uiRidsyC, O
exponenti al voltage closure threshold response characteristics as set forth
herein. In one enbodinent, it is individual capacitors 48 that are varied
by one of YIIESERIRTIONG HOINVENE

Additionally, where the varying sizes may be considered to be anal ogous to
i nt eger changes The ptap@dnveatioerelateh ® amperadlecimmgehagicalserugimedMiEMS)such as
capacitor tuning circuit 52 may be considered to be anal ogous to

i nt er medi at @epped tapacitdr dinaag blas beearinbla betivaert eppedledpacimnaser the int eger
‘increases. 10 In a first exanple, a variable stepped capacitor 44 includes
four nom nal fi rEigueaadlistates otthbadinithioftieniacintion whérain aBMEMS capucliace ar ea
that is five tines those of each of the four nomnal first capacitors. By

‘conbi nat § onyPfnchub® A EH RRdrgd plate 4, LARAGbIe @hGrg@plate 26 and allict PR A fep D8
capaci tances of integer anbunts ranging from1l to 9 may be achi eved.

Further i nt ghigeieatsehstahs tefeb@Wedi ARRARALAMEMS Sapatitor2D aRlvBePknmtdn forth
herein by varying any or 15 each of the nom nal first capacitors and the

nth capaci t oheDYo afush ot g&aﬂﬁie tbg,un trdNAUNICHalde Gititd 260 whRIIEA ERhrEARAET t OF

that may be required to vary t veral | stepped capacitance. In a second
e, b . . _ ; . . " ;

sk A R A e e L el

o e her Pt SRS YRpSARTEU! £0BEROH WAOIRRhnRI Mty RAGERG RO 1 10 19

Yet anot her" 20" Capac ovid a surface area I mes those
of each of pomnal. first_.capacitors..i pEian. - 10-ti nmes
capaci t&?s, P'Wﬁffapg%ﬁ’lr OPE Qﬁﬁggméog,l{geggs %fvgﬁag’%eecﬁg%ltégr%@hyns[%s%F 2%5‘?’ Ng from1 30,
As set forth hergin, jnternediate or fractional.changes nma hi eved by
varying any or aﬁgufﬁib{'h%St%§5ﬁé?cf’%cf%ml?ﬂ?lmw&%{;@%@éﬁ'ﬁm Wfﬁ\“ﬁ&y aCIIQI‘ri‘(I:VﬁSf ts 52.

O her non-integer |inear schenes established wthin the spirit and
scope of th%aPZS‘tqrﬁ@é’Wﬁi%Sﬁ "Sedrzﬁwngg'}e%g%@%"agkfﬁUgﬁ)plfﬁigﬂ'ldf?zcﬁel &t e
greater control of capacitance may be desired, each I\/EI\/B switch 48 nay have
its own swi tayer 28ithat prevents shorting thesebetwesn MEMS capasiior 2£Aepsnet 1aclidq yst r at es
this enbodi ment that includes a nore general case. In this enbodinent, the
surface ar eaguasion glatas 3sna as et esed irgtherfitt eapaciiehBPanThus 3ty ceinPG o each
other, and the closure of any or all of themis acconplished by instructing
t he i ndgpenaematioswpltagh, oovableichargsplate@6iwitbealagseaand dicfacticdamer 3owilhge to cl ose
them As set forth herein, the surface areas of the variable individual
capaci tors 4fpreacti ad@omteychvfixey chargecpate 4. MEWFeqapicitar 23/maybe refeprattorasiaal | y.
Additionally, the capacitor tuning circuits 52 nay be used for internediate
st eps to achkdécendcdprcior iypaaDthehemippaimdnts of apriabie capasitors bée setlosh $eloy. t o t he
present invention, various types of MEMS capacitors may be used to

acconpl i sh a desFigaerk Iwiflastiatea noeembedgmeneof3he mvenior whemin a0VIEM Scawarsk 34ect i on
view of the inventive variable capacitor that is designated by the

ref erence nixvhided a fiked chirge plate®4i 4 flexstile avieh platsihsAadditiomalhd MEMSBhwith a fi xed
charge plate 70 is disposed. A novable charge plate 72 is di sposed above
fixed charge4 Mcaides akuatibpiaiel 80 tharsge DU ftedtidldo prly flbabld Swicthaplaeseri zed by a
pl anar portion 74, a suspension portion 76, and a term nal portion 78.

Affixed to Eﬁmﬁx&%mg@?lﬂe%qﬁ offervBlelBe hbaw Beh. Plyplcally, Zixedcharggtpidid Bner 80.
Stiffener 80 may occupy the sane footprint as planar portion 74 of novable

charge pl at gni%tuaﬁoﬁ'Bra&m@.%ﬁsasée@n ol ShuBfek B2 i s observed as the ori ginal
separation di stance between fi xed cﬁarge plate 70 and planar portion 74

,before an actuat j ' i.ed |7 INENIY swReES BRI haR Akt | on
di stance 84 is o gF%&ﬁ@g&%gﬁ&hﬁrgﬁg?&@ﬁ%n 71% S‘Hd fixed ca%ar ge plate 70

as the tuna?h%%@g%ﬁh@g&@@@ﬁgg%h s} @M ratl ot WA ABPA defiuRCt uat | on

.force. Stiffener e of any material that causes planar portion

o mﬁéablsﬁu?ifép?orﬁ%{vﬁ%hgcdéé%g[c&gg&\f»g@%@gi A Rh6! 1 APoks ahkd  ener 80

is made “0f SiTicon n re x and y have val ues that nake
up both stoichionetric and solid solution



WO 02/ 052592 PCT/ USO1/ ~~~5:4 conbinations. Stiffener 80 may al so be nade of
oxi des such as silica, titania, alunina, ceria, thoria, and other oxides

t hat makew@obesbp2st oi chi ometric and solid sol ution combi Ng¢{/888 44454
Additionally stiffener 80 may be made of any material, preferably
dielectric, that allows the inventive structure to achieve a tunable range
gr eat er t hachangeoplste 3094 bgvedixed alizrge ate2d B flekible satitol plateH thandy ber e
preferably greater than about 100% Second separation distance 84 is
observed t opiiléedsonoad firéd ehlatge ptane Bt tartose BEMSsvighdatial |y constant,” it is
meant that warping of planar portion 74 of novable charge plate 72 is

m nim zed. Rel at Figgrevilipstragesivehartady wsedlinathe placeadf@ipavitorrteas itrappeafs inlef | ect i on
‘'of any point along the charge surface 86 of planar portion 74 in verti cal
relation tocidt 10dTETguiell. PRtBppeti REFaCiRd?, 146 depiteed tiY ifchrled £pIgfality®$ of pl anar
portion 74. Figure 10 is an exaggerated detail illustration of relative
war pi ng wheegabitdri e slyb@migariich bifgdst enar 30 Adariondl, 4 pluadlikyVstiswitshegnt i fi ed
by dividing by the length 92. Relative warping in the present invention my
be in a rangg afelafPRedtio trieS Ui tabadikRYi6. Gn dndemBydRh&k, akdry mhy 880 gRQst 10% to
about 0.5% and nost preferably from about 2% to about 1% 15 Referring
again to Figk i : ( i 2r) _.ezrrﬁﬂh rom

t erm nal po%gnﬁggsg? %é‘ggﬁ%ﬁgh@%@ \glfegét]gﬁl;g' 'f J())lse %\Aﬁle{%ﬁeﬁgied C aégge
plate 70. S j gn hon. | at ed
From ixed Shogaciods sRBEe SR RulleRy CafinolinR b Snd futdh SRS 0 oy
first separation distance 82.and at m ni t _second,s rat on di stance
84 Consequantih oy EREReRer Tl Bty Bhe A oMM saBRER BRERRIAHE " eauoes
capaci tance _for. suspensi on rtion 76 igure 11 is op. view of variable
capac ¢ 0P 6Blufalag SRR e e s 8 e S kTP, St 11 ener 80
has been renoved to, further illustrate novabl e charge pl at 2. .Mbvabl e
Char go bl at e 7. INOWEs B AclEve s HERTEU FARgC IAnan A DA Ao oFRe EMS SHBERS  on
portion 76 that neet an angle at a bend depicted by _the dashed |ipe 94, and
t er m nal pof‘lab’gﬁg"/“ﬂ‘.‘at%tﬁuc 8‘64)%5'053‘2‘3@@3 t9desWith 4 fiss MEM§ ¢apagiter hasor ¢ i on
78 and suspension portion 76 also neet at an angle at a bend depicted by

t he dashed Rifi voliage cogise threshold and;a secendesyvitch ghat i§ inssseiss wish a prsend &El\dﬁa nay
contain through holes 98 to forma broken surface suspension of planar
portion 74. cameitdshakasecendroiiage casurikipsheld that ishigher thapthe fisst yoltagpolapire char ge
pl ate 72 reduces capacitance surface area for that section of novable
char ge pkat ér&holdy Theshhemne may hecentipugdisudf thatedingerlysugpped degsgesdl t hat i s
present at the variable first separation distance 82. Thereby the broken
surface of sampitamsé Bprgportionaino M6 valtdgowsit fsompisesed ecrossdingticotuinf8. tHoe vari abl e
capacitor quality of the present invention. Additionally, because there is
| ess mat er i akanigigtf theipluralignf sivitctes SpERNISawitples 84,amontnaMuelagd icreasends a
broken surface suspension, novable charge plate 72 is nore pliable and

t her ef or e mbngitefgdliage folnalits of vdltagd willlgivkaiss toDchphdiahcesiiapaa siomn yitrdfi on 76
may al so be solid. Were suspension portion 76 has a broken surface, fixed
char ge pl at gapaBitdhastod Wfniits 5t caphiitamz®dyh®tngand mvky/ahick tekladege pl ate 72 has a
second surface area that is smaller than the first surface area. 15 In a

preferreg embodi ARt of EdpacifaRRAfirkRE afL fREKENE nérRinkNepPéLaiate infrégBt | On has
a movabl e charge plate that is divided into a solid surface charge plate
portion andagoRfiRk®his tthbafiRer Wil 8112 1a@Bsitive 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



Figure 12 is an el evational cross-section view of another variable
capacitor 100 that illustrates another enbodi nent of the present invention.
Fi gure 12wid é2ustgeates a 20 flexible dielectric material 10#psh/has @
novabl e charge plate 104 di sposed thereon and that is suspended above a
fixed charge plate 70. It is noted that novabl e charge plate 104 cannot
make el ect rincizhsecdii baa funetivrhofftheceonindl aepredpbhiage, MO thestope 9€the fimetion 40
dielectric material 102 is interposed therebetween. In this enbodi nent,

fl exi bl e di eliestlower thait tRatiofithe 1B2arlysnaeasing sdppadtsohemep |Semiarly2 the presentct | on
106, a suspension subsection 108 and a term nal subsection 110. A stiffener
80 11 WO R2éddior 2Ry hikeTdnld®pdnkntiatly Snctedsing Qurgqee ared suchas 1f 10ex00 1 @00lete), ect ri c
‘mat erial 102. Stiffener 80 has a footprint that may be substantially the

same as noVghlbgseClvadxgnentiatsealed §hsels suor kat Q&fp@&i&ﬁ@din&b&%&ﬁmﬂ bonfuhOfon dfbvabl e
charge plate 104 is interposed between stiffener 80 and pl anar subsection

106. Al thougl nghinhf 8&PEd B8taks inclehdsSikiodd RebpadcapRdiior ®4, butth® Aspeer theovabl e
charge plate 104 froma 5 top-down view in Figure 12, it is understood that

stiffener 8@ 0% MaViR alob® Qv tHah tHah&fthé Bndady IR Feasihd)teppddBehdfme. OF snal | er
t han novabl e charge plate 104. \Were stiffener 80 is larger than novable

charge plate 'OﬂmF.i.Ie mﬁusnla%ghfcm%?rimbadiﬁgtt%miaat gsﬁ{tﬁ%s{ldaﬁmae@%pécn&l to

about 2, preferabfy froma to about 1.5. the process of formng
at | east on =N i C i J . ol | exi bl e
dielectric ?rzaésgﬁ%ﬁﬂig%l@éﬁ??owggﬂ ur?rltl)'vgll')gfegg%#ép gdétgl;[%ts é,gal%tttl? Jlihégg%m%rslted

t hrough hol g 98 h an. ar Latlve tq.t . f Lble
dielectric ﬁlﬁfagmoglscaqaﬁ'é?rs ?ﬁarg{yr%%f]hdiea ' lrc L’ﬁ]aa %SEI&EPL/% '? %ﬂg%%{'ﬁc’d %&l;t preferably
from about 10%.t 0o 1a,bout 40%

Fi 13 i t nbodi t . of t

o DS A0, R L P SO o R Tl o

bl h | ate, 112 t visible). In thi 5 enbodi tiff 80
R DI L G N RN

enbodi ment, the suspension portion 116 of vabl e, char ate 112 fornms a
spring in tAECEAEY a‘éﬁ‘ar%?rﬁl%fﬁé‘fﬂﬁ"é'iqt ﬁﬁhéﬂgﬁ‘éﬁg?%aﬂgfmﬁ%p‘ﬁi{% gbd¥on 114
and the termnal portion 118 of novabl e charge EI ate 114. By this

enbodi nent , St&PPé'?ﬂtE? DC) velingss # steppediafal sapagitaice ey bs srhievet Acelgbn of pl anar
portion | 14 of novable charge plate 112. 20 Figure 13 jllustrates

suspensi on pepre insrepsiag syrfage argys mgycbe ipplenrppd as sepforth bergi- Sredlicalihapes are
one preferred enbodi ment, sinpler or nore conplex shapes may be achieved.
One exartpl elindarly, gspmptricallys exponenitiglly, andieambinatign phistepped inereasing supfags agease 14, a
novabl e charge plate 120 with a suspension portion 122 with both "U' shaped
and an i nvemagte inylerséntgaldd ordeciiol aghievegbotiodigitad andvigud) enalegvargstaaetfectpor t i on
114 and the termnal 25 portion 118 of novable charge plate 120. Anot her
exanpl e of a si nhirther defiapieniof cap2citandd@cOdig RSO oRCHT thiSahive threk sthemes
illustrated in Figure 1S. In Figure 15, a novable charge plate 124 incl udes
a suspensi OmapeE hdcomplished bjeike iependert lunifg'ofanylomalk afolre-dapariters'aSet §drtpes t hat
undul at e between planar portion 114 and the termnal portion 118 of novabl e
charge pl at gerdid4 Fighirt M eLGbtheh@nbod thtnfbf thgpreseapiameaitionsA Vifablel2éhpedind | 26,
respectively depicted in 5 Figures 13, 14, and 15 are presented as portions

of novabpe ehiAtiaR 4B r8Hddd vith a dadlkitoRfifdt 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 having 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



| 24, respectively, it is understood that the undul ati ng suspensi ons 116,
122, and 126, may al so be integral portions of flexible dielectric

mat er i al sywgléshsvbegral portions of flexible dielectric Efbalisadgy be
for structures depicted in Figure 12. In an alternative e odlnent t he
undul ating configuration that constitutes the 10 suspension portlon of the
f1 exi bl e dithlseaibotitnent)the iR@earing ofifatitanosischernelislcaitroligd Y & plikdligoftb@t ext ends
across the planar portion of the novable charge plate to create a nmultiple

channel opewlegif DgYhadghDC,AReHIh dhePEiific WrRELarbds@ iR cdphciGY Ci thrslghr at e a
continuous undul ating structure, it may begin at one term nal portion 110,

conti nue asCcongy kdve BRYSH REIIRAF, tgb@ﬁbtﬁ@%reyga@némﬁnu@uage ddsarahrefdId i on 106, and
finish as the other suspension portion 108 and 15 term nal portion | 10,

respecti vel pspokkd Jh@fa@t@hstféegg ﬁeﬁrtﬁfherfeine% Bhé driBod ARt atqmn@}&mabaapw@rs
particular material used, whether charge plate material or flexible

diel ectrs c Aph&draried By opé'oftlﬂgardéﬁﬁﬁglcoﬂﬁl eR on%ﬁ't?al Hﬁﬁlﬁifﬁwn@& structures.

For exanpl e, suspension portlon 1716 novabl e ch arge late 112 has a

he. 20 w di h 153 S e Ere R b ' Giﬁ SR B MR Rt S
130 t hat e/ BRI %%%3@‘*%‘*2‘*%%59@5&#%8%3%& 3 ?%iéa??ﬁﬁ%f RAReEYPRD bl o

charge plate 1 16 I e resent
Cnventi on i e C%S'F%%d kst ] Al ARP o e SR Sl BB Btk el ot | on
are separated A varlable capacitor 25 134 includes a planar portion 136
and a sti ff%vﬁé?heé‘?fegeéﬂgf%ﬁgl on portions, etc. are not 13 WD 02/ 052592
PCT/USC&/~4 445~ il]J ustrated byt may i ncl ude g ¥, Egb |nent t forth
herein. '¥i xed cHAAGES SKaPRIG avadabigsicnpad earagiior &4 Ingpes H’é‘oé'u Fsét e 140
above an actuator plate |142. Actuator plate 142 is disposed upon a | ower
substrate | opRacitpreand |aévakqaawt@fth+t.h%ﬂﬂﬁﬁa? Yer thptds e tms thess oberchebitegi bl e
or omtted to achieve a structure where fixed char plates 138 and fixed 5
act uat or pl Bpenompalfirg capackerssBwermbinatipn f the saiminal gr\steqapacneﬁs apdhthg nth

al ternative enbodi nent, substrates 140 and | 44 may be the sane |evel and

f ashi oned f ¢apmsitoheapasitencanefanteger amgynsy rapgingfremdgp @ may be echieved epurthiehe pl anar
portion 136 of the novable charge plate is affixed to a stiffener 80.

Toget her, pintermaedigo defirotioniE@apanitanse isfaftainghle BGetefogh hertindy adrying ang buat or

plate 142 to 10 establish a preferred separation distance 146 for a desired
capaci t amceeacihof thahomingl fitsecapatRons sand tied rele tapacitor by esef aflacepacorntepmsi t i on

pl anar portion 136 of the novable charge plate to a desired separation

di st ance | 4&rcuftisg disrecadh/caphditosthatah®sbeaamiided to vanibe ionealt stefped bapagitansent
invention simlar to the enbodi nent depicted in Figure 16. A variable
capaci tor 148 hda atse@nddshinipl®an hdditionahepscitoshalinga spifadeakdatof 10timepvabl e
charge plates 150 that are isolated froma novabl e actuator plate 152.
Accor di ng t @odehifeachrdrat ivaiitial fitsheapasitorddis povided in diditian o e 8itikd capaci t ance
may be carried out where the el ectronotive force applied between the fixed

actuator pl @atps'claaflzo adMievie RENERIBRY off it @hSUntsthidify &R 1 1 19.SYAGhstAH on

schenme has di m'ni shed effect, if any, upon the capacitance that is

est abl i §@edcéa§é.w%%b@smfvldw@.tﬁQ@ﬁx%e Rleab tiheShafd R hEmAdl frar ge pl ates

150. Accordi ngly, desired capacitance established nay be nore directly

related to ¢ sc. aPALAdiLoModhSd-2R8 Fo-tifhes ﬁ?%ﬁ&?w&?aéﬂlé\’ééﬁﬂa@ftﬁﬁe;yo?t anot her

enbodi ment o e present invention In
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.



functions of capacitance and el ectrostatic actuation are separated. A fixed
charge plate 154 may be el evated upon the substrate 156 above an act uat or
pl ate 158wofelospdoer pl ate 25 158 is disposed upon a | ower ubgdpiales160.
The el evation of fixed charge plate 154 may 14 WD 02/ 052592

PCT/ USOL/ 4~445a be negligible or omtted to achieve a structure where fixed
charge pl at e 154Wnere glehteecbnarot afabmcitgncatmay bé8esaeds eadh MERiStsavitth 48 gy t he sanme
| evel . For this alternative enbodi nent, substrates |56 and 160 nmay be the
same | evel Iwvel it awhiswi@tkifchio b2 ek asatmingriredit. Higdre\8dlustiategithis Ngl e process.
5 The planar portion 136 of the novable charge plate is affixed to a
stiffener 8&mboligadk HAf inclRH&Bhorp gérerad Basd St tAREMSbAimERANME sihcahRadst uat ed by
r‘actuator plate 158 to establish a preferred separation distance 146 for a

desired capagh MEMS switkh 488h8) belRbiBdiftidihBeqhard efh@siier, AP iHe\cRshr@of Syl
reposition planar portion 136 of the novable charge plate to a desired

'separ ati on i StAGE R abéfinpl Rty Iit@cting thd inH§dch@hesviRhRibals seibRrdeat of the
present 1nvention simlar to the enbodi ment depicted in Figure 18, with the

addi tion t h&.tfﬁéiag g&m@m ao%hﬁ’x{ngeAPéteﬁfo?th:l-n@?eidaﬁmeis§x%c@taf'egs b REVATRKRD! €

actuator plates 4. “According to I's enbodi nent, the establishnment of a

ol i od. bet LR pRAREGRY o 3fa FEfal Py Bl Re bR EOLARRANET i or bl at e

| 64. This 1 tuati.on sch has. a .di.gi ni sh fect. i.f_any, on the
capaci tanceig‘ﬁﬁ?"aﬁg’t esfaggvﬁgﬁugwgg ! L\'/{gses?n%%}eﬁ ?%’ear @ e:ﬁtﬁr1 egdéatf)?} sgo %@‘écvgnd
novabl e cha{:gqe. El aFe 162. Accordingly, the desired capacitance established
may be nor el EAUCRA! CPIPEFLINLARASIRISEL he separation distance |46. In the

enbodi nents set forth in qu ures 16, 17, .18, and @E it is understood that
20 suspdhsi on of AFREIRIPLRA ReERRYFatiof. Xerioustxpenef MEMS capaclinrs ™y ene
suspensi on portion enbodipents as set forth jn this, disclosure incluyding
the i nt er poYiee torreamplishia desirad) capagigniceyr Fighes Bisap plevaliopdl crass-eecguy eV Phal | vy,
ot her suspension schenes may be used for this enbodi nent of the invention.
I n the forgHienieyeativsoariphipeapaciion thatis dpdensted by shecelersnse mneral@g. Figus © 122 and
126 25 are exanples of a neans for_ suspending the novable charge plate. In
t he forgoi nijlugtates agebgare®is shich@ixesehargeplats 20 isidispasee At movablsshgrgs ed
charge plates 70 and 138 are exanples of a neans for noving the novabl e
char ge pl at plateTi3ds dispasethdbove figicharge plate 7faddéovable ohatgapjate 32 may beivent i ve
nmethod 170 that is illustrated in Figure 20. A recess 172 is fornmed in
subst r atie 68hanstedizgd oyt eplanan phitign 74 aSuspeesasgortion7 trand dxernfioal pedionf78a si ngl e
etch, or it may be part of a damascene structure. Fixed charge plate 70 is
formed in radked td pldndd poivp 38 of movebiluhhrga placdris a adiffenary ¢z i80inay ( CVD)
or physical vapor deposition (PVD). The nethod illustrated in Figure 20
denonst r at escdupypthefsanériotppint & pldnaeporeaeBisofauvablb ehdrgeqeiate ghar ge pl ate may be
cont enpor aneous as depicted in flow block 174. Mowvable charge plate 72 is
formed above fi xgdirgRefaestion dRtaRce® insbsdRpd 64 Beoigindlseasisn tis@weed! ock 176.
Movabl e charge plate 72 is forned by a nethod such as filling recess 172

Wi th a tenpggdiesh fildRhirgé plaePARd plaftd pbRvA Y BeforRanAcuMcAtfBred & applivd, Wet
etching the tenporary firller material that filled recess

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, SixNy,

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



172. Stiffener 80 is fornmed upon a portion of novable charge plate 72 as
depicted in flow block | 78. Wiere patterning of at |east a portion of
nmovabl e chay @pspdsat e 72 precedes 15 renoval of filler mat egd@isoi34dsgcess
172, patterning of multiple through-holes or any one of the undul ating
suspensi on sections as disclosed herein, will facilitate renoval of the
filler matecdnaiinatides dtidfeng 80anayrdsoibawade dlaxides simbas siticd, tigaiabdlemibael ectri
material 102 nay be fornmed 178 over the fixed charge plate. The variable
capaci t or | &iaj thbiis andadthel axides-ihgnakelp both stachimuktiicard sotid sutioni m [ ar to 20
vari abl e capacitor 66. Prior to formation of novable charge plate 104,

fl exi bl e di enstdhdtioss. | Additionally, siifferdep8idaly bepaadesofany meterisippreferably t hat is to
‘be renoved to formrecess |72 as depicted in process flow block 176. After
fl exi bl e di gkRretric] thatlafly®s thd MRentbrelstiotie to fehlcve Rindlge faRge presteransn adoutf ol | ow
renoval of the filler material disposed in recess 172. \Were patterning of

1 exi bl es di doaGiréfefablybi@iier 1R aB6 IR SACEMdMRIOPrRberadly drbfer thad Mbuthm@b®r i al in 16
WO 02/ 052592 PCT/ USOL/~4~5: ~ recess 172, patterning of any one of the

undul ati ng suspegiebRiepsiatidnQitarRe 84is2bbePiRdo BEEBEBntiay kbnstaa€ iy t at e renoval
of the filler material. The variable capacitor 134 depicted in Figure 16 is

formed by {akBligiali et 15kt ol fing ARER: JCorNEb AN IDEh oo

actuator plate pon | ower substrate 144." 5 ated substrate 140 is

f d eith : LL j ' ' : . Fi xed

charge pl ar BRF3Y if HRRRIEh eI SHhDH ot o8 R HitgUhe SRERRFpfE T @
terial t . fi i - - i i bl

mater!a Of@iporlrﬁ O%E%pei c@%r{g? %lgf‘a‘éggaz%fgpgi%ﬁgb{{rg&g%@‘ge,fn%W&Lﬁo‘?\% g{ljyr (%t &1 bl €

dielectric er (no I ments set her ei n.

VWhere fixed ch e pl,at 3 nd_f act uat or. plat e 2 are at e sane
nei gnt . 18 nepo R eriert st by s e R RE RN e 16 B R Gasbalsts
capacitor 148 |s, fornmed_ by a simlar, nmetho i t.h the added |limtation that
novabl e chaé‘?j%'H alluétfaé@“ ?gﬁyaﬁy%wﬁ@{"ﬁé’?hﬁ@él‘ Sg?‘ﬁéﬁh?’kfﬁ&%{sw%@c%ﬂaf or plate 152.
The variable capacitor, 178 depicted in Figure 18 is ,forrrﬁd bg/ form ng | ower
substrat e 160ativalyquardisd by dividing Bygherengh P7 « Refative WALRIBS INJhePreselss upon | ower
substrate 160. Elevated substrate 156 is forned either by depositing or

et chi ng i nt Bventsmaydhs ins range Bem abent 36% to phopp b 1enprefseably tera aboy 1% t¢ o red
upon el evated substrate 156 and a filler material to be renoved fills
recess 172 ahaut B§%and nast praferably fm ahogtd pteatgiel%ct ric 1 ayer (not pictured)
according to enbodi nents set forth herein. Were fixed charge plate 154 and
fixed adbuat or pRefewingsgeimtodFigure PHerstsapasatioaidiptance $his herragasemer foBY ned from
the sane netal |ayer. Variable capacitor 180 is formed by a simlar nethod
with the adtedinal partient 78cf mdvalle 2ifargerplath V2 togloande figddaharge Glatd ). pat t erned to
form novabl e actuator plate 164. Distinct advantages exist for the present
i nvention. Shepeadveptirtd@e’6i of nidvalile ehargerpids @2 isaempeatédsirane fiked/ahdrge plate as not
achievable in the prior art. Because of the presence of a stiffener as

di scl osed heveiarvaridhedistandeitiealis ag amakietuves firét ReparaivabisencdRrage apd at e and t he
fi xed charge plate can be smaller than what was allowable in the prior art.
Consequent | yhinighnt 41 €ecohid sdphratisrodigtence 84t Densequenafremoaqpanatedd] inmhis be nore
than 100% As applied to 17 WD 02/052592 PCT/ USOL/ ~4. t ~5~

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. Stiffener 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



wi rel ess technol ogy, by way of non-limting exanple, the variable capacitor
of the present invention nay enable a wirel ess device to operate at

mul tipl e bangmssssgh as 900 MHz, 1.9 GHz, and 2.4 GHz. Thuspctu@iaGsyver
design may be changed to enable the sanme variable capacitor to be used for
t he various frequencies. Another advantage is that the establishnent and
control oveTeraiml portiom 28l ancbguspensiompertiors 7alsoomest atdinangli lata bemd depieteébpr e nor e
reliable. The presence of the stiffener and the broken surface suspension
si gni fi cant thg dashdditims9a. he capacitance that does not change near the

term nal ends of variable capacitors of the prior art. Further, the
separation of ackigat il 0illBfateiftaaspensiarepoationdiémedyasedinhbroaginhadd s f or
‘greater control. 10 In addition to undul ati ng suspensions for variable
capaci t or s, foHmGibréieh RGrfEod SRPBTicANST pfaddr Pukidb 78 Wrhe breRensayfacdl cfeudpensionpl oyed
as set forth herein. It wll be readily understood to those skilled in the

art that 5 vapyabs 70b§186vablkaReas plafe 2 hedidetcapdcRancBBirgick alea falitht Sdctiameement s
of the parts and nethod stages which have been described and illustrated in

order to expldidile (HARse YRl TEbPledidgSthé BN bOdhargB Y¥urbRe BRA®al R prdstiiapt
departing fromthe principles and scope of the invention as expressed in

the subj oi nﬁx% vﬁ%&@tjlmrst &g?ratiéﬁqigﬁﬁﬁ.wgﬁré%?&é‘vj‘g&éﬂiﬁffﬁe%f Sdspirvfan\Wdion! S

clainmed is. mcro ectronechani c capacitor conprising: a

plurality ofg watﬁ%ﬁtg{jéo%rﬁl cﬁfrtﬁea%ﬁgbl% Eapgg{o?é\!la‘ﬁ'ty &ﬂh@pr?geﬁﬁiménfioﬁnd > at

| east one sw I g In series w ast” one © e plurality of
MVENMVS it . in the first ci Pt j : ' t

claim 1 wnerara e el Rk S ihEateriet e HUR VLT LR R BEROMAE"S 0 0
3. Th VB, i di t laiml i.n the. | itch
To conprse et £ gakt gt Thafe age AE P2 M Bl fRRderpR, < €

according to claiml, ein the | east .one swijch further.. ri ses. a
first sw tcMorHesily té’"?b}ﬁé{?g[réfsi“égerw’?‘ﬁ%g Sf’fpregsflonl\ﬁzgﬁé’"cgﬂg@?# (oe s\%ﬁ%?‘&ﬁﬂet he
first swtch has a first _voltage closure threshol d; and 15 a second swtch
that is in §@¥P§§mWPFW“§6§@%6HHkNEW§iEh§§@WE6¥?pmﬁéw $3 PRESUBEHHER swi t ch
has a second vol ta?e closure threshold that is higher that the first

vol t age cl o8ud @ovablecchpige dlates]2 hpp a seppndssustapharea that insmallenthag the Sirgt surface 1

wherein at | east one of the plurality of capacitors has a novabl e charge
plate. 20 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 illustrates 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 dielectric
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
11



WO 02/ 052592 PCT/ USQOL/ =4: 45-1 6. The MEMS capacitor according to claiml1,
wherein at | east one of the plurality of capacitors has a novabl e charge
plate, whiedstdee plurality of capacitors is configured tgr@6diAYE.a
plurality of linearly stepped capacitances. The MEMS capacitor according to
claim1l1, wherein at |east one of the plurality of capacitors has a novable
char ge pl at B, dispbsed @pon fléxdblpHieleatric tmateoial HRp&afferer 80 has acfootpriguhat chay dbeachi eve
a plurality of linearly stepped capacitances, and wherein the at |east one
of the pl ur albstaytiadly tisgame iat Mosabibohareg plateniab wvell ahplage sysedtien il86.conf i gur ed
to achieve a plurality of internediate stepped capacitances. 8 The MEMS
capaci tor agreaslé Birdedlsrt 3047 Interpbred Betwedt stiffems B0 ameplaar butkection pddr al i ty of
‘capacitors has a novabl e charge plate, wherein the plurality of capacitors

i s configur &gndikh3GHERY 80 A iMistthRd hd shiiffly @6skWRLmvaBlelcHarsé pRRAJ4 GAMac t ances.
9. The MEMS capacitor according to claim1l1, wherein at | east one of the

plurality of,,CRAAGILOIFIHRS 18 iR URR LA MRt GerfdAbEd0Emay o & Fdbtrinethal igr al ity
of capaci torg I's configured to achieve a plurality of geonetrically stepped

capaci t anceﬁg A YIS s@glgeﬁ(ﬂ;an hovhi@efar @ at08 04, NEhGL SHddnkl 80 i9Targer

capacitors I'ng a novabl arge plate 1S configured to achieve a

plural 11y Ofuh MeSRiTENaMepiAL ?@gﬁd?ag%@%g&%%g@%g&gfﬁaaA\éﬁl}ﬁ.@%qs&w

according to ¢ n ast one o urality of capacitors

has a rmvab#gvr%%%@ffgopnggb;q%h}-ﬁ?qe%byiutglf-g-he plurality of capacitors is

configured exponentially stepped capacitances. 20
20 WO 02/ 05259 CT/ USOL/ =4: A~45~ 11. The acitaorn.according to
claim1, wherei nlznefFe Pragist O'RENGE a‘ﬁﬁaégwed't"gt%'}’\@%&sc@g‘dﬂ tpred in 'ﬁ%{gq%) lﬁrovabl e
charge plate, wherein the plural] of capacjtors is configured to achieve
a plural'ft yﬂlﬁfﬂ"éiﬁfcﬂﬁg?&“ﬂ%ﬂ“g&?r 1%'58%?3@8%%@‘#5%@%? Plats At igastone ﬁ"? at | east
one of the gl urality of capacitors havi ng a,%&zﬁgl e char, e]d)el ate is
confi gured hele98hagdAnayen, eelative fothe fofal area phflexibiggip ?télcgla?f)‘g'e cApdtances.
12. A mcro electromechanical (MEMS) capaci tor conpri siong: a plurality of
MEMS capaci fromsabaytr 1y tocrbpyt 50% arefesably from apoyt40%¢e akaut #0%.and at | east one
switch aligned in series with at | east one of the plurality of MM
capacitors in thBighre B is enatharembodimental theaasent difventinan. dp thissgmhodieat,dwi t ch i s
lo actuated froma second circuit. 13. The MEMS capacitor according to
claim12, whktffaienst issutimpesedtoverrsanevablechargoplipteil$2 (nat visiblgdt Inghie VEVS
swtch. 14. The MEMS capacitor according to claim 12, wherein the at |east
one swi ti6h embpdimes, siffeherd®tobsuueesplzerpddriaeporpératld of wiovalie chiafgeqiatd 512. The MEMS
capacitor according to claim 12, wherein the at |east one switch

this embodiment, the suspension portion 116 of movable charge plate 112 forms a spring

in the shape of an undulating suspension between planar portion 114 and the terminal

portion 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
12



further conprises: a first switch that is in series with a first MEMS
capacitor, wherein the first switch has a first voltage closure threshold;
and a seceyozoshdogh that is in series with a second MEMS capagédiQlssswher ei n
20 the second switch has a second voltage closure threshold that is higher
that the first voltage closure threshold. 21 WO 02/ 052592

PCT/ USQL/ : 4itutratedli6 Fighive 1 8/BNTF inae % iatnoovakle clmargh pige {124 mbladenalsdspendior ei n at

| east one of the plurality of capacitors has a novabl e charge plate. 17.
The MEMS capeétibn 126 thatClus Both(fSt andiitomirhake “8h etrapesthattunddats betomen glnat he
plurality of capacitors has a novable charge plate, wherein the plurality
of capaci t opértibs | Bt andniid teuiiedd pbRioA e g efeovablelchdrge plhatg 104. | i nearly st epped
‘capaci tances. 18. The MEMS capacitor according to claim 12, wherein at

| east one of theadugRinetuidP4tingaRgehdictss 16a22,andDY6 Kspectivaly depigkdine,
wherein the plurality of capacitors is configured to achieve a plurality of

i nearlysst eppRd 15 aR2&d BASSescARE a¥\PiHiGHs Bf Gabhd chaBR late’dNg2,0R0 A8
plurality of capacitors having a novable charge plate is configured to

achi eve a 1Q)plupakil Ly, iof uhdtrg6dBAk M inabiBRRAHsfeRNIaR 118MM295and 196, nifie MEMS
capacitor according to claim12, wherein at 1east one of the plurality of

capaci tors hesh@inlB BbBof R afbRI ik BRI t%agpghiowopﬁexwaci tors

is configure ve a plurality of geonetrica epped capacitances.

20. The MEMg, ?ﬁf@%aﬁe?{a{sg\r?ay{%%ﬁgruhﬂreghfdé&é%iﬁ;ﬁ p"zei n at |east one of the

15 plurality of capaci as ‘a nova C ate, wherein the

plurality of capacitaors is conf.iqured t chieve g nlurality of
Geomet ri cal |y ot Dapelealkempanient i unfyie conigurhubn Hafeonsduiihe o g

plurality of capacitors Vi n mvabl e cgar e plate is configured to
Dehi ove 'l pPUPARIRyPoBIon oF e AR e Aae-Gke PG £ pubr s Rdla g3t s 050,
PCT/ USOL/ ~. 1a5-4 21. The NENMS .capg@i tor ?c or di to cl ai mllé’, wher ei n at
| east one ofX!iis a8 As plagar pprtion pLE moyable chares piglk LQsreateamyifple ghaongl
wherein the plurality of capacitors is configured to achieve a plurality of
exponent i al PRensoahigisdfiong dseqrdiagly ewherobigurerg mayikuistrate acpatiousigilating t o
claim 12, wherein at |east one of the 5 plurality of capacitors has a
nmovabl e chapigeetyse.at may biigisyas pre termaing|pgrtign il 9, continug pnenetsyspsngien 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
undulating 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




configured to achieve a plurality of exponentially stepped capacitances,
and wherein the at | east one of the plurality of capacitors having a
novabl e chvay@@spdoate is configured to achieve a plurality @irishigiegd ate
st epped capacitances. 23. A micro el ectronechani cal (MEMS) capacitor
conprising: 10 a plurality of MEMS capacitors arrayed in parallel in a
first circuillustragdbugmay gudide emeershoidinadnt seit fagthdreim ISeadicharguplates 438 nenst one
of the plurality of MEMS capacitors in the first circuit, wherein each of
t he at | easbe cevatesivipbn theissbstrate Udd elsbvé noatzatorgdate b2l VAetuatdppend@id circuit.
24. The MEMS capacitor according to claim 23, wherein the at |east one

swi tch 15 corpusedepohta lbeasubsmae IMEVBhealévatitn ofFxed Siuege\FEAEs r38measiteor
‘according to claim 23, wherein the at | east one switch conprise at | east
one par al | eheghgidlecorvniificdto adfleve hgudvintwhe@xed tikgeataey 138nGd figedc! ai m 23,
wherein the at | east one switch further conprises: 23 WO 02/ 052592

"PCT/ USQOL§ . t a@idordilaté 4054re hiabstatibIBN@E sdntk 19veL.| PEISHIS Reteidive EfBddithe®ONPTr i Si g
at least a first switch and a second switch, wherein the first swtch has a

first volt ag@s¢tesi4o@nd NiLBPbhaRihel IBRI SROBMbRIMbMIhd @fheina@aPRAYervol t age
closure threshold that is higher that the first voltage closure threshol d.

5 5 27. The-,.j\ﬁ@lg gLty according to claim 23, wherein at |east one of
t he pl urali{y 0 cg'gac:stoés has a novabl e charge plate. 28. The MEMS

capaci tor accor dh&%\}&ar@r g&@hﬂ%ﬁw&@gﬁﬁhl@ cﬁér%él ﬁ?t’é"is é?fgfeﬁl?&?ﬁi‘f?enw gy ality of

capacitors has a wher t he ality of capacitors
is configur i . i i EE%I itances. 10
10 29. The m%é’}gagwog}'&a?g%%%%%F 'ggoce{r%?c?n ?ﬁy\?\%@ﬁgfﬂagﬁ E?{e%)ast one of
the pluralit f capaci tors has .a nov, ?Ie charge pl ate Wrei th
ol ur a1 1 19 of SR PEETES SeamiRT o e 48 6 2t Godpoffing of PESIOTGHEE Fbar 1
st epped capacitances,. and wherein the at |ea 0, of e.plurality of
capatt tor o S FRETarorsE dtree S aras et pRu aort 67 161G Payblkie ek plaso
plurality of i n%er medi ate st egged capaci tances. 15 15 30. The MEMS
capaci tor afesHedisRaration istans138  wherein at |east one of the plurality of
capacitors has a_novabl e charge plate, wherein the plurality of capacitors
i s configured toFigur E\illusiraiss arosher embegimendt ofithe present inyertjossHailer tthaci t ances.
31. The MEMS capacitor according to claim23, wherein at |east one of the
plurality ofmbegimentidepisted insFigurenbé: afyIvariabirapecitor H8as thaaddition thatdhese isral ity
of capacitors is
15  a plurality 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



20 configured to achieve a plurality of geonetrically stepped capacitances,
and wherein the at 24 WO 021 052592 PCTI US01/: 1~~5a | east one of the
pluralitywqfog@pasi tors having a novabl e charge plate is cqifi@Hfgdst 0
achieve a plurality of internediate stepped capacitances. 32. The MEMS
capacitor according to claim23, wherein at |east one of the plurality of
capaci t ors baseghigibtzvdbinittedhaadhevp b ainectureivbiereifited Erargelplatal 34t and dikedcapaci t or s
is configured to achieve a plurality of exponentially stepped capacitances.
33. The MEMxt@A@aldté D38 A€ a10bktaAgallyothe bamienevdB, Forisis eliemative biabalimene of the
plurality of capacitors has a novable charge plate, wherein the plurality
of capaci t Ofbsir&te CIF6ah@ U6EFay & HE inRMeveRamd fdéhidned YroRfthesaprRmaidriaplabsr st epped
‘capaci tances, and wherein the at |east one of the plurality of capacitors
having a nmoyabdifsicpatas plate is configured to 10 achieve a plurality of

i nternedi ate stepped capaci tances. 25
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ca] ca] ca] ca %a%.ca%gl cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca/frfHY10
W& () - MVIlO‘Lf/{k‘ YRV (P Eb ()- f &100& () - +$f&10%& ()- 1;! S(

n O 1 - I n O 1 - n O 1 -
10%& ()-3 1 (S Inltge/ oréging?’entlgodir%c%t/s?t e(szspQ\sioafsfections 76,108, 116, 122, and 126

256  are examples of a means for suspending the movable charge plate. In the forgoing
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"109% ()-m 1ff "10%& ()-m PYL0%&' ()-M!"#0CpuV7 f310% & ()-10% & () -
3"10% & ()- 10% & ()- 10 10 10!-y#710% ()->A dEuvy
f3110% & Wo dHMde&2()- 10% & ()- 10% & ()-110% & () -110% & kor/usohediEy/ 10\
10\, 410% & ()-2Z10% & ()- ,010% & ()-- 100 & ()- YHA0%N & ()- #10% & () -
OLMKY:/ 10\l 3 -10%&' ()-,910%& ()- @O%& ()-GLOY& ()- 3"YIOW& ()-s1l09& () -
10\ YzaB:/ l1embddifntf,)the fixieddBargg plste OPRAnd)138 bk @hples ofl a8 @& of )noving the
910%&' ()-2E dE:/ 10\" 10%& ()- 10%& ()-s10%& ()- 10%& () -
T10%& () - s! #dVebI€ tharge plate.
The variable capacitor is made according to an inventive method 170 that is
illustrated in Figure 20. A recess 172 is formed in substrate 68 as depicted in Figure 9.
5 Recess 172 may be formed of a single etch, or it may be part of a damascene structure.
Fixed charge plate 70 is formed in recess 172 by deposition such as chemical vapor
deposition (CVD) or physical vapor deposition (PVD). The method illustrated in Figure
20 demonstrates that formation of the recess and the fixed charge plate may be
contemporaneous as depicted in flow block 174. Movable charge plate 72 is formed
10  above fixed charge plate 70 as depicted in process flow block 176. Movable charge plate
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 muitiple 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
depicted in process flow block 176. After flexible dielectric layer 102 is formed,

patterning may precede or follow removal of the filler material disposed in recess 172.

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

16



] XdE: / 10\. 10%& ()-,! 109%& ()- *10%& ()- (- 109%& ()- &10% ()- $10%& ()-
9yz{|}}o0aS4 10 :10%& ()-M 10 10 10! 710%& ()- 510%& ()- !l 3T109%7& ()-
OnlO%& () wq od5se94 10! #! 109 } & () - #! PCT/US01/44454

11094} & ()-#1110%"& () -#Y"109%' ()-L109%& ()-Y93: 10%& ()-:~"BwmMJi3aS4 1!!10%;
& ()-#1,1109%& ()-#'110% & ()-#'# 1109 ()-#!#! 10980& ()-#'#
I 10%&' () - #%eCest 172, paderoifg &F {ny-obO o it (ndulaging 68dpé&is{on-sedidnd & disclosed
10, 8s109& ()--10%& ()-%!dEbC 11110 S 10% & ()-L 10% & ()- 10% & ()- 9z
10% & () - 1b&ki& ¢ill-fadiBtfeeradval pe fild Gatdrial 0&10% & () -
10N & ()-"1 10N & ()-y 10N & ()- sf10% & ()-Y 100 & ()- + z .!!11"dEbC
Ll! 110 210% & () - DHeOri&b1¢ rapadifrll 34 depictedlin Pagie( )6-i8 fdfedby Jormingidadh & () -
substrate 144 in recess 172 and forming fixed actuator plate 142 upon lower substrate 144.
5 Elevated substrate 140 is formed either by depositing or etching into a portion of recess
172. Fixed charge plate 138 is formed upon elevated substrate 140 and a filler material to
be removed fills recess 172 during the formation of flexible dielectric layer (not pictured)
according to embodiments set forth herein. Where fixed charge plate 138 and fixed
actuator plate 142 are at the same height, they may be patterned from the same metal
10 layer. Variable capacitor 148 is formed by a similar method with the added limitation that
movable charge plates 150 are patterned to form movable actuator plate 152.
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 (not 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
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y10%4& () worellddsbi#HE () -1 10%4& () - &10%4& () - PCT/USO01/44454

t 109448 ()-10%4&' ()-q&&('"' "' (6)dEuV7 1!'$ 10%4& ()-$ 109%6& ()-"10%4& () -

10948 () - 10944 ()-10%&' ()-6)))-*~**-+ +dB47 1! 10HH! 7! 10%4H& () -

5, 10944& () - widlesstighadlogy) bt OAHES ion-limiddHesdsiple) the vatadiiap)citor-dfitbe-pre@nt - - . gH7
11 10HH @ 10% & ()- 9-10% & ()-@10% & ()-3"s10% & ()- 10% & ()- 10HH
10HH. v. . - 00i@avémiichimad endd--virQd Qe Ricd fo-opdi@tdatm( iple! thAdAsREH 3s-900 MIX, & ) -
“110% & ()-Y10% & ()-7111F234444aSE7 1! 1 10\\ 10\\

10\ \ ! 6& 10UGHE, an)i 241Gk &1 Hus; transdeh@PAe8igh)may 1o Yhakgd to(chfirt the sime dariable
"42455666dESE7 1! 1 10\\y 10% o0& ()-s310% o0& () -

| S10% 0&' () caPdd P&m%e(lbseﬂol&Vw%Lﬁxqu&%Q&' ()-67\ 78$999dESE7 1! 1 10\\
810% 0& () - $ML0% o0& ()-"- 10% o0& ()- 10% o0& () -

'10% 0&' (3 - 910% Ofndier dvahiagSis itk szl EBhhent @n@control over a preferred
10 0S8510% 0& () - 3710% 0& ) -1 10% 0& () -- 100 o0& ()-*

capacitance is more predictable and therefore more reliable. The presence of the stiffener
and the broken surface suspension significantly reduces the capacitance that does not
change near the terminal ends of variable capacitors of the prior art. Further, the
separation of actuation and capacitance as disclosed herein allows for greater control.

10 In addition to undulating suspensions for variable capacitors, undulating
suspensions for MEMS switches may also be employed as set forth herein.

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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10% 0& () - (10% 0& () - J<K<X<k<<?B??xY:/ 10'0og 10% & ()-10% & ()-, 10%& ()-4
&10% & ()-3"10% & ()-s10% & ()- 10' 0?@AAADBBAE: / 10' 0o* 10% & () -

(10% & () wzohd¥ass2 () - $10% & ()-"!110% & () - 10% & () - BBVC] GelpniZoialddl: / 10\
10\ 710% & ()-510% & ()- 3-10% & ()- 110% & ()-.10% & ()- ,

"10% & () - aDbDoDDE. FyFFxY:/ 10\9 10% & ()- 3@0% & ()-,10% & ()-10% () -
3"s10% & ()- LLOWEAIMS 10\ F- GGG' I Wi JAE: /~ 10\ $10% & () -

"t 110% & ()-f10% & ()- " !10% & ()-F10% & ()- @10% & () - JKeKKLnLpLqLr LdE: /
10\ 10\, 810% & (Wh#i9kikied)s.2 100 & ()- 0100 & ()- .10% & ()-,

10% & ()-rLSLLLLMOMVKY: / 10\ &L0%& () -

109448 () - 10%4& () - 10948 () - 3" s109%8 () - 10%4 ()- 10\ M\nOOYPPPdE: /

10\ 10948 () - 109%4&' ()-f 10948 ()- ! 10%4& ()-310%4& ()- Lt!10%4& ()-
PP8QQQQORIE: / 10\ *g10%4& ()- ( 10%4& ()- , &L0%& ()- $10%& ()-" ! 10%4& () -
10%&' () - ORRS|] SSS4T5 iRébro diectidftdbtan@al (MEMS) capacitor comprising:

a plurality of MEMS capacitors arrayed in parallel in a circuit; and
5 at least one switch aligned in series with at least one of the plurality of

MEMS capacitors in the first circuit.

2. The MEMS 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

10  comprise at least one parallel plate switch.

4. The MEMS capacitor according to claim 1, 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
18 a second switch that is in series with a second MEMS capacitor, wherein
the second switch has a second voltage closure threshold that is higher that the first

voltage closure threshold.

5. The MEMS capacitor according to claim 1, wherein at least one of the
plurality of capacitors has a movable charge plate.
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' 7. The MEMS capacitor according to claim 1, wherein at least one of the
5  plurality of capacitors has a movable charge plate, wherein the plurality of capacitors is
configured to achieve a plurality of linearly 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.

8. The MEMS capacitor according to claim 1, wherein at least one of the
10  plurality of capacitors has a movable charge plate, wherein the plurality of capacitors is

configured to achieve a plurality of geometrically 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 geometrically stepped capacitances, and wherein the at

15  least one of the plurality of capacitors having a movable charge plate is configured to

achieve a plurality of intermediate 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 exponentially stepped capacitances.
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5 achieve a plurality of intermediate stepped capacitances.

12. A micro electromechanical (MEMS) capacitor comprising:
a plurality of MEMS capacitors arrayed in parallel in a first circuit; and
at least one switch aligned in series with at least one of the plurality of
MEMS capacitors in the first circuit, wherein each of the at least one switch is

10 actuated from a second circuit.

13. The MEMS capacitor according to claim 12, wherein the at least one switch

comprise at least one MEMS switch.

14. The MEMS capacitor according to claim 12, wherein the at least one switch

comprise at least one parallel plate switch.

15
15 15.  The MEMS capacitor according to claim 12, 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
20 the second switch has a second voltage closure threshold that is higher that the first

voltage closure threshold.
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5 configured to achieve a plurality of linearly stepped capacitances.

18.  The MEMS capacitor according to claim 12, 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, and wherein the at least
one of the plurality of capacitors having a movable charge plate is configured to achieve a

10  plurality of intermediate stepped capacitances.

19. The MEMS capacitor according to claim 12, 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.

20.  The MEMS capacitor according to claim 12, wherein at least one of the
15  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.
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configured to achieve a plurality of exponentially stepped capacitances.

22.  The MEMS capacitor according to claim 12, wherein at least one of the
5 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 charge plate is configured to

achieve a plurality of intermediate stepped capacitances.

23. A micro electromechanical (MEMS) capacitor comprising:

10 a plurality of MEMS capacitors arrayed in parallel in a first circuit; and
at least one switch aligned in series with at least one of the plurality of
MEMS capacitors in the first circuit, wherein each of the at least one switch is

actuated from a respective independent circuit.

24.  The MEMS capacitor according to claim 23, wherein the at least one switch

15  comprise at least one MEMS switch.

25.  The MEMS capacitor according to claim 23, wherein the at least one switch

comprise at least one parallel plate switch.

26.  The MEMS capacitor according to claim 23, wherein the at least one switch

further comprises:
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5
5 27. The MEMS capacitor according to claim 23, wherein at least one of the
plurality of capacitors has a movable charge plate.

28.  The MEMS capacitor according to claim 23, 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.

10

10 29.  The MEMS capacitor according to claim 23, 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, 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.

15

15 30. The MEMS capacitor according to claim 23, 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.

31.  The MEMS capacitor according to claim 23, wherein at least one of the
plurality of capacitors has a movable charge plate, wherein the plurality of capacitors is

20  configured to achieve a plurality of geometrically stepped capacitances, and wherein the at
24
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' plurality of capacitors has a movable charge plate, wherein the plurality of capacitors is

5 configured to achieve a plurality of exponentially stepped capacitances.

33. The MEMS capacitor according to claim 23, 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 charge plate is configured to

10  achieve a plurality of intermediate stepped capacitances.
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