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The crystalline nature of these materials depends on deposition parameters
(temperature, etc.) and substrate properties. It is important that the crystalline nature
of the material is optimized to increase performance. Also, boundaries can lead to
loss and leakage in the capacitance structures or RF signal and lower the amount of
material that experiences the dielectric change.

25 The scope of the current invention enables materials to be formed that have a
significantly reduced temperature coefficient of capacitance and can be put on a wide
range of substrates using a wide range of processes. The invention is keyed around a
composite of materials or a structure of materials where a wide range of conductive
and non-conductive materials can be formed in a variety of ways to yield the desired

30 functional capacitors. By using materials with both negative and positive temperature

coefficients of capacitance, it is envisioned that an overall temperature coefficient of

capacitance approaching zero can be achieved. These materials could also have

utilization in the area of optics.
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encompass particulates of materials that are semi-conductive as well as conductive
and which enhance dielectric constant and tunability in accordance with the invention.
It is desirable for purposes of maximizing dielectric value of the dielectric
material that a high loading of very small conductive particulates be loaded into an
25 insulating substrate. The loading cannot be so high, however, that the conductive
particulates form conductive pathways through the dielectric material layer (unless
electrical insulative layers are provided). Also, the particulates can be nanomaterials
but should be sufficiently large and/or elongated that meaningful dipoles in the
conducting material particulates will be produced by an electric field.
30 The invention is further directed to methods of producing nanoparticulates of

conducting material that may be used in dielectric material layers of variable

capacitors.



2 WO 03/088358 PCT/US02/ 11133 The invention is further directed to novel
conpositions in which conducting mnaterial particulates or donains are

di st ri butwo oBlessssgghout a dielectric or insulating materi CI/UBB1i1BYenti on
is further directed to nethods of formng these materials, the 5 use of

such materials nothdgihBflioh i hbRY dirSct&d8 Gbidl otSRARioH: ﬁn%lﬁélﬁ&mﬁ@d’nﬁg” Bri ef
Description of the Drawings: Figure 1 illustrates a first enbodiment of a

vari abl e capamtqr@i pataates on domaing #e dispsibuted throvghowdideptrieprguulating
illustrates ﬁ.&pnd enbodi ment of a variable capacitor. 10 Figure 3
illustrates a third enbodi ment of a variable capacitor. Figure 4
illustrates an enﬁhﬂm&mtmapﬁafgrth@ﬂﬂewfalme@mdbe%fgﬂmpg these materids, the n

Fref e 1 edSERQIUTREN Ayebily i 8 by SRRARL LRLARL wafYD having 2 fir s
el ect rodes. [Brief Bedcripgonld thesDfainged of a 15 ITB.tI’I X material 17 and a
D7 The vonduct | vE e nBgRks Eird S RedaRil R SPER sabest o BT
hi gh di el ect pr&est@mshtoit , but al so resul ts in a tunable dielectric. By

applying a DC or _|ow frequency AC, sSi om b' si ng.. source B) between
el ectrodes 12 andFﬂrei‘hB&ra&Félsﬁ’é’Pﬁi F’Bg%@ﬂgngt F}?V‘?’E‘ fr‘f@? gﬁ%red resulting in a
change inocapaci t gipage Billudtfates b @dtdesnbodinen?6f 4 asiabyapaciori di ng a tuning
element for RF circuits A Wile the RF circuits A and the biasing B

circuits are shomﬁlgaée%‘él}”ﬁ@teééﬁﬁ@@f‘@dC%ﬁ‘l‘rateI y, they may of course be

attached to tgicdPR&ibsn & QethinPIFerad Embdign&AE connections or wire
traces. The capacitor 20 shown in figure 2, is simlar to capacitor 10, in

that it is forneln Bgurelmscapaciter Wds phoe haying a fisd elepipdsildca seeid- 24 = and a
dielectric 2@1&&&&%%&&%@&%@1%&%% el&@a&cmlé‘cu&ﬁm i§ f6HnS@of T Med Of a

matrix material 2/ and a plural ity of conductive particul ates 28 suspended
in the ndbri matex watersl 1772nd 2 pluggdithi oficopdustipararticylates 18 suspendgd éxthe £ r st

el ectrical ly jnsulatingl %}{?Eona&céﬁggnrg) %@tgé)ﬁjuo‘?Eﬁg%?dvfd%ldlléch'ggﬁllLﬂn@*tﬂoPgt he

| ayer 23. The i nsulating layers ow | hcreased
conductive pdigh dlelqueeonﬂlsnt W alsh ecstiltead iatupabls dietectriva Boydipplying addnduct i vity

of the d|eIe trlc 26 30 ncr ASES, | ea e urrent,
ond T esa! Crpdby EafeRe Re R0 IRRRDjosin 3o} Rol AR LRERGH, LEACAC S
elimnati ng tdliheecna:tdonitart id inakaegd resulting it 3 chahgd ie cadacitdnce athRJﬁwalgndMSQh

| oadi ngs.

20  thereby providing a tuning element for RF circuits A. While the RF circuits A and the
biasing B circuits are shown as being connected separately, they may of course be
attached to the capacitor electrodes via the same connections or wire traces.

The capacitor 20 shown in figure 2, is similar to capacitor 10, in that it is
formed of a first electrode 22, a second electrode-24, and a dielectric 26 between the

25  electrodes. Dielectric 26 is also formed of a matrix material 27 and a plurality of
conductive particulates 28 suspended in the matrix material 27. In addition capacitor
20 includes a first electrically insulating layer 21 and a second electrically insulating
layer 23. The insulating layers 21 and 23 allow increased loading of the conductive
particulates 28. As the loading is increased, the conductivity of the dielectric 26

30 increases, leading to increased leakage current, and loss. The insulating layers 21 and
23 obviate this problem by eliminating the path for leakage current, while still
allowing high loadings.

As described above, the high dielectric materials of the present invention

comprise a matrix of a dielectric or insulating material having multiple domains of an
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metals, such as platinum, palladium and gold, are easily produced, as are a wide
variety of oxides, including conductive oxides. More reactive metals, such as
nanoparticulates of copper, cobalt and nickel, may be produced by CCVD using a
25  reducing flame.
Nanoparticulates may easily be incorporated by dispersing them in a liquid
polymer or liquid polymer solution and forming a film of the polymer by drying a
solution, melting the polymer and dispersing the molten polymer as a layer, or
providing a cross-linker for a cross-linkable polymer. The polymer may be selected
30 from any of a wide variety of polymers, both thermoplastic and thermosetting. The
selection of a particular polymer will depend upon a number of factors, such as
dielectric constant of the polymer, mechanical stability and heat stability of the

polymer, and, in some cases, flexibility of the polymer. For electrical applications,
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cannot be truly called a crystal are referred to herein as “nanoparticulates”. OPMNCs
have the property of being soluble in organic solvents, such as hydrocarbon solvents,
e.g., toluene, to form étable solutions. Such solutions may contain additional
25  organometallic compounds. If the organic moieties are polar, they may be soluble in
polar solvents, such as water.

The metal portion of the OPMNC may range in size from 1 nanometer to 500
nanometers, generally from 5 to 100 nanometers. Upon decomposition, the
particulates initially formed are of these size ranges, although, depending upon

30 conditions, the nanoparticulates may agglomerate into clusters or thin films.

OPMNCs in accordance with the present invention have the general formula:

Manoparticulate=(Z-R)n
wherein Mupanoparticulate 1S @ anoparticulate of an elemental metal selected from the

group consisting of gold, silver, copper, nickel, palladium, platinum, and cobalt; Z is
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vari ety of usey sintsr t@e&manrgalat ehaémpeeatap ai the casb af sﬁtxﬁﬁalamﬂ:hlan gd8

e 0SS, ek R G o BT SBAE ho  FEAGh RhgBRo
met al deposi tiRcattivuRes Aiagde tet. \Wixurtd o QPMISEN(different metals) may be co-
| deposited to form alloys, or OPMNCs may be decomposed in the presence of other
dissolved metal precursors, such as platinum precursors, to form alloys.

There are a variety of uses for elemental metal nanoparticulates formed in

25  accordance with the present invention and for the materials, such as small clusters or
thin films formed therefrom.

Thin films of nanoparticulate metal deposited in accordance with the present
invention, either as single element metal or alloyed with co-deposited metal, may
have a variety of uses as well. Conforming gold thin film layers may be deposited in

30 accordance with the present invention which may be highly reflective. Such thin
films may be used for electrical conduction or may serve an ornamental purpose.
Deposited films, particularly gold and silver, that are highly reflective are useful in

optical devices, such as mirrors.
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One way of providing the heat is by simply burning the solution in a reducing
flame as described, for example in U.S. patent and applications describing combustion

25  chemical vapor deposition (CCVD), e.g., U.S. patent no. 5,652,021 and U.S. patent
application no. 09/067,975, the teachings of each of which are incorporated herein by
reference. The solvent, e.g., toluene, provides the fuel to the flame that produces the
decomposition heat. Oxygen to the flame is limited so as to provide reducing
conditions in the flame.

30 Other means of heating may be used, such as admixing with heated inert gas,
such as nitrogen, or reducing gas, such as hydrogen. Or means, such as resistive
heating, inductive heating, etc. may be employed to decompose the OPMNC.

The solution of OPMNC may contain a mixture of OPMNCs, such as

gold-containing and silver-containing OPMNCs. Or a precursor of another metal,
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used to provide t Ratherdhenicet-eat passivatpdynangparticuiates tp fregithemstaly i ¢ mat eri al
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shell are electrically insulating; accordi nglé, the shells not only ensure
ele a

that t he 15 memanopaticalaies casf theseebreebr ussd oo v endopitviemateriohdamaing e
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Accordi ngly, e use of such passivate nanopart at'es ensures that
conduct i ve paftheaell st clacticdllyimsutating) agiordingly.aheshells not onlprteasurathat thgyer . Such
passi vat ed nan rtic te ol | el [ C
e ial - sudh A Sob R ARl R N TR BEEGS Shab SpafleBfFhE 7,
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material layer. Such passivated nanoparticulates may be merely dispersed in a

dielectric material, such as an electrically insulating polymer and/or dielectric
inorganics, and ﬁsed to form a dielectric film.
The use of passivated nanoparticulates is particularly advantageous relative to
25  isolated metal particulates when the metal is chemically active. An important
conductive material for use in the present invention is copper. Copper
nanoparticulates and nanocrystals may readily be passivated through linkage by
oxygen molecules to organic moieties. Because the surface metal atoms of such
passivated nanoparticulates are either already reacted or sterically hindered from
30 further reaction, the inner, non-reacted atoms of the particulates are protected from
further chemical reaction, particularly oxidation. Accordingly, passivated
nanoparticulates as the conducting particulates in dielectric materials of the present

invention provide long-term chemical stability.
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Likewise, the passivated amine having active chemical groups in the organic
moiety shell may be used to cross-link thermosetting resins, e.g., amine groups on the
passivated nanoparticulates may be used to cross-link epoxy resins through the

25  passivated nanoparticulates.

Covalent chemical bonding of passivated nanoparticulates into a polymer
matrix may not always be necessary to hold the particulates in place.
Polymer/passivated nanoparticulate linkages may be via secondary bonds, such as
hydrogen bonds or Van Der Waals interactions. The passivated nanoparticulate can

30 be enmeshed within a polymer matrix, there the polymer can be either a thermoset or
a thermoplastic polymer. In thermoset polymers, the degree of cross linking plays a
role in physically restraining the encapsulated particulates. In thermoplastic

polymers, the softening temperature plays a role in embedding nanoparticulates.
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mat eri al 2Pn ?ﬂ%@@%ﬁh@e ordance with the invention. This

The following is a list of some of the materials that can be used as conductive
and dielectric material in tunable capacitors in accordance with the invention. This

list is exemplary and should not be deemed as limiting.

Dielectrics: Conductors:
25  Silica Pt, Au, Ag, Cu + other
metals
TiO, LSCO
BST TiN
MgO SrRuO4
30  Epoxy RuO;
Polyimide YBCO
Al O; Indium tin oxide
Ta,0s doped ZnO
Oxides LaNiO;
35 Polymers Si
AIN conductive polymers
SiC
AlO\N,

other non-oxide ceramics

10
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Conductors: 25 Silica Pt, Au, Ag, Cu + other netals TiOQ2 LSCO BST Ti N
MO Sr RuOB030/08g36%y RUO2 Pol yi m de YBCO A1203 | ndiumti rCadisdz1113a205
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capacitor tuning is jnportant and | ow tuning volt ired, i.
40 volts or PemRositpdiiegingsigetyipisyatited ﬂ@FthFég‘%d“Ctﬁﬁﬁa g‘]ﬁ‘re%‘? Al 3 voI ts

15 iare | ess. cﬁz/masrgg%feag@ PG lY 10 2P MOdrdadge tuning is described in a PCT
application

The manner of capacitor tuning is important and low tuning voltages are
desired, i.e., 40 volts or less, preferably 10 volts or less, and more preferably 3 volts
15 are less. A manner of achieving low voltage tuning is described in a PCT application
no. PCT/US01/26491, publication no. WO02/16973 A2. In considering the DC or
low frequency AC biasing signal applied to the capacitor, the mobility has little effect,
because these low frequency signals do not require a quick response to the forces
exerted by their electric field (the field is the voltage applied divided by the distance
20  between the capacitor plates), as this field is changing at a slow rate (or no change for
DC signals). While a significant number of charge carriers may be present in a
material, if the mobility of those charge carriers is extremely low, the RF signal when
applied to the capacitor plates, creates an electric field that changes too quickly to
affect the charge carriers. Thus the conductive bias electrodes can enhance the DC
25  field that changes the dielectric constant of the overall tunable dielectric composite
material, while remaining transparent to the RF field. This is particularly important in
considering intermodulation distortion (IMD), which occurs in conventional tunable
materials when the electric field produced by the RF signal acts to (unintentionally
and undesirably) tune the dielectric material. If the charge carriers are to slow to react
30 to the RF field, they are not significantly affected by the RF field in the way they are
affected by the DC or low frequency AC biasing field.
For purposes of the invention, it may be advantageous non-RF-interacting bias
electrodes be made of materials that have electron/hole mobilities of about 10° cm*V

- s or less, preferably of about 10" cm?*/V - s or less.
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t

signal acts “ARd undesi r abl y) tune the dielectric
mat eri al .10l f the Thadxglectﬁawnsanmfanhediemcmbdnyetmaylmsnhar&@d ffoh¢ he RF field,

they are not s jficantly affected b fie in. they are
af fected by Fﬂ’bg@@d{i‘r’n “ %‘%ﬁ@&ﬁ'@ﬁwﬁ’ ngz{t}%%%':ggﬁeg' ‘éﬁpa‘ifgfg?)ﬁll‘%‘g &% of the
i nvention, Itfusrawctb&ie@dvmb@ﬂwmm dndieliceicadst Digedniicds is edpriseddes be
made of materials that_ have gl ectro olng’ gcfegl lities of agg_rt 103 cn2N s

or less, prePEpalralitesf elangeted pasticulat i3 watrix ajgnah 31 jadhe g

PCT/ US02/ 11132 ferfddgndde! th@ﬁdrﬂ&lﬁ?éﬂrdr@ili‘%n&ﬁﬂl%é &ch@hif'tlhet d@%ic Mg eri al
El ect ron/ Hol e Mobi l i t%ﬁ cn2N- ZnO 180 EuO 20-30 LaMhO3 0.0002 O her

mat er i al d5haveigen twelepkdes 33 and Yy althgyely asghows, the I@ﬁl%"@ﬁd d8efevi ti es can be

found by C0@éﬂi&?ﬁa@&néorﬁ@fo%ﬁ@&%tﬂu'g%mﬁ uﬁ&tﬁﬁnms%mémraﬁ?méﬁm c Data,
2na edition ried Madelung (editor) publlshed 1996. 10 dielectric

constant of {The paitieylates 38 are a@a}leﬁd WRiRg 4o OBt atethads fescritied beloh disaeth
conductive pgﬂ ;éa‘ﬁi%!n&t ﬁ)gofq{gﬁxae éﬁo‘?go n%g afs%gﬂd@eﬁrsulﬁﬁmﬁ%e%gil é’iﬁ jsncl udes a

first electr a secon tro ectric Delectric 36
i's conprisedn fis fanh@kiimmt ihb\ye\(@f l@hdngbngdf@lamﬂticulhtas&w&asmbedded ina

Imra]t { Ih)é g? gr:lt ?%d#c \fltytxﬁ theee eé:tcr rel- E)gefd%rrr%fjgn glteat%r &l ﬁl' ?IHJ rALESE 38 are aligned
conduction in the lateral direction. This can be important, because it is preferred to
have the insulating layers 31 and 33 as thin as possible, to provide a higher
capacitance. When these layers are thin, the chance of pin-hole defects (shorts)
increases. With two insulating layers, the chance of a pin-hole in each layer aligning

25  with a pin-hole in the other layer is extremely small. Thus, any leakage current
through the pin-holes must flow in the more resistive lateral direction, thereby
reducing leakage and loss.

Elongated conductive particulates may be produced, for example, according to
the methods taught in U.S. Patent No. 6,090,858, the teachings of which are

30 incorporated herein by reference. Preferably elongated particulates, as used herein,
have, on average, a longest (lengthwise) dimension which is at least about twice as
great as any dimension orthogonal to such longest dimension. When an electric field
is applied to a dielectric material containing such elongated particulates, in those of
the elongated particulates for which the lengthwise direction is aligned at least

35  partially in the capacitor plate-to-capacitor plate direction, a dipole is induced by the
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15 between the el ectrodes 32 and 34, although as shown, the particul ates 38
are sonewhat randomly oriented with a general orientation that is close to
t hi s al i gwo®awss3ssThe particul ates 38 are arranged usi ng amgTafSor/a3iet hods
described below. As with the capacitor 20 of figure 2, capacitor 30 nmay

al so incl ude chaﬁgéd @badir. lxﬁséﬁéhangfémmﬁt Sy is theWitiBdtsc soRas ARiHced, BaMEVET,

hi gh | oadi ngs o articul ates 38, increase 20 conductivity in the
el ect r ode- el ebsp ﬂwcrena@ilme@fth@)w,pagtoraaﬂengaﬁ%iawﬂtcrl@teﬁ Heght ferexgmplecbduct i on in

the |ateral ferred t
e fatera q Erﬁz%iéél‘?ﬂo y@?&h?aﬁ@i@c AIPREY LitHt the %ﬁ@ Htfxedn%sel?foe erred 1o

have the insulatin 3 as thin as 055| e, provi de a
hi gher capaerdvidedhs diviketric tayersd theaoymcyomrleket“hfienelongaeedmaanclete@ml@tn hol e

defects (§honbt ﬁﬁtr}b'u{lﬁrthrg %uta\ér’lﬁ(g%atn\ﬂp?%]t%ul ating layers, the chance of a

pin-hole in ée er-a gnln a pin-hole in the other layer is
extrenely small. Thsuenham;l die@atmgenmm arglrttnabflity mﬂgphrtrbixierlpeninaﬂmndefsthefrust fl ow

inthe nore r ve ter di rect.i ereb red Ci eaka e and

| oss. Bl onga¢baetthit S Bard et ALy hefh ETe ctriens phikop 2aRENG: &
accordi ng tOpla&dlﬁreﬂﬁémCi§sHoaM@thlguﬂa 3UISs tRmtumdérstdiod that 19 6l] 8Et8e the

teachi ngs of which a ed her by ref ence Preferably

el ongat ed paPRicHPiss }é(gl eVEs eu‘g g‘ﬁ‘@?l?ﬁ t't%ée d‘%‘ﬁ Oavgor%@e ™ | ongest

(I engt hwiige) dekiriBResh e raMdl o el vectads om@aéng&mwduhmsm Aslongh&at as any

di mensi on orthogonal to such_ | ongest dinmension. Wien an electric field is

applied to apéﬁt‘évlé‘@tm?Elaﬁé?‘é’%qt%l‘lhw&%‘?ﬁré}aﬂ}’%‘@ the s o thmtssoadopzenaliel at es, in
those of t h%e%lﬁé’%&sﬁﬁufﬁfa?aﬂl@lﬂlﬁésﬁ%ﬁ%l WPRRerithE ther@hianbSer tHé rection is

aligned at |east 35 part in the capacitor Iate to-capacitor plate

di rection, apaitigenies Insth‘F pﬂa@é@ralawiuteﬁ@nmll\heedem@gslsevqﬁeméeezl 11133
charged cap a?ﬁs%utmﬁ ﬁ(}:ﬁ %pth@%tﬁrdf ﬂ{e’veaglts of tHeldhgttvil BmBisfIn@F blohgar&P NSt ant

enhanced, but also e tunability of the capacitor. Elongated particul ates
m ght, f db epantiptletes inethe dp@torie-mﬁleqtlmdhdlmgmmanae i the s efithe ystopher , ei t her

thernmopl asti (l: té)rEll (éﬁﬁ&é&ﬁﬁ% th%%%fc RIRUY gﬁrttr&i% dg%&ioﬁf&lge' ﬁ I{ig}ﬁelreasp bduf'®

capaci tor. particulates m Istributed
t hr oughout arl 1| h@rganic matri x. The enhanced d| el ectric constant and

tunability are partléH?(ﬁ)r ﬁ%rﬁn%{le&%%tjeglpamfm?tesf% Ca%t%aecq?op?gtgltcul ates 38 are

predom nantly all W ate direction
as i s shown icﬁpaEit(g'qﬂaie directibn isso iubjebetheldﬂmmb mcbnhhata vmytstxahg eledtritahe
ver be alig 1 at e- irection. In a

Pgﬁébfnu llgb 8 WH ppEsdgn theplate-Ly ﬁr’]ﬁte frec[t‘ﬂg eb’ge&?n(gfl@El E?P%‘ﬂ%tgﬁ tg?fgi‘f T M°8e di nensi on
of el ongat ed paiftidlly hlggb@inahé direatii Gfithe dlectdd Bd16, the dipslt WilDmigedtatowaedst 0 t he sum
of the vect Ortt?e errlxgsr cl)fz tgg Eaar{lcl}lacge with charges opposite those of the electric field, and the
resulting attraction will tend to cause such particulates to further align. Of course, for
the elongated particulates to align, they must be somewhat mobile, at least
25  rotationally, within the dielectric material. Because of the extremely small size of
nanoparticulates, they may be mobile even within a solid polymer, whether thermoset
or thermoplastic. Almost all polymer dielectrics, whether thermoset or thermoplastic,
may have natural interstices, and nanoparticulates are likely to settle in such
interstices. If the nanoparticulates are contained within such interstices, and subject to
30 a sufficiently strong electric field, they are likely to align themselves within such
interstices in the direction of the applied strong electric field, and wedge themselves

permanently in such aligned direction. The same may be true for elongated

particulates contained within a porous ceramic material.
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the plates (assumng parallel plates) will be 1:1. Preferably, the

orientation of the particulates in the plate-to-plate direction will be

enhanced weloawsssss t o random distribution such that the ra&CirasSet/1tibz

vectors of the Iengthw se dinension of elongated 15 particulates in the

el ectrode-t o- el ecpf el fohiklih@RnbBArAblING Al phiftuskidhaidiggvectors

| ateral (orthogonal to the electrode-to-el ectr ode directi Qn% direction is

at | east abo(diclectrid):niat@rial mayrbe ¢rotintered sogethar tadord dielgeitie thajsrirklayemd int es 38 in

a capacitor -1 Q-. ' ' ' i . ' t he

dielectric ng%cglr‘(ﬁgéeq%ﬁgp\%gﬁ}%é t rglg%gee éecg:‘ﬁl?ilwf‘:tgﬂ% nﬁlSoP%ﬁlé:ﬁfggg%g led in the

pl at e-t 0- pl aimuldiimgamétenal partioulateparg atpathtghaformed, iatebmgatbd harmpatienlaes

partially_.ali d in the .directi . the electric,field, th ipole wll

i grate t?)m&?%g&el?ﬁ%s@ﬁgesm 8?‘3? Wetgég%@%rieg gie},{"f 4erlcvl\ﬁ’l att%ngld ﬁ%‘?’élé:g °%Sﬁg%egi“§)a t hose of

t he el ectri cbé hlédndd, aadebctibed aboes by subjxgting the amteriakto aistrong elevthid ficeldause such

particul ates to. further, align. coyrse or .. the el ongate articul ates

Do al fan ¢ noy e dphasird oansdniseistes et 5 b Platighmon By 3B ' WL hi ¢

t he di el ectr ifigldatigg foamatidBe HeSOmPbsite eatedisl.r enel y smal | si ze of

nanoparti cul ates, _they may, bF nmobi | e even within a solid. %olfyrrer, whet her

thermoset or thel aPeRarReLiags AESPO Lrger BYNFR PORYET BETYIPCL qnhet her

ther mosefgor psllstﬁlemrah%;sﬂlelﬁselvdawthbau@pa%wxﬂ{en!imcﬁiasﬂ;ﬂng @iSmayehed

nanoparticul atés are [ikely to settle in such interstices. If the

nanopar ti cul aewssarte abghtbapatierlips Wil thepalymeripptdeasregiallyfgvaigiect to 30

a sufficient 'ﬂ:)énﬁ&eﬂ'lgﬁ_g p@lkfﬁ_&trﬁ%}ﬁbé Hg_ﬁﬂeﬁl to &h%n?ﬁﬁor'té Phi¥atlod oftHe@fodrensel ves
e

Wi thin such IntersticeS in I rection of the aprt))lled strong electric

field, and weldgtsic finldithas pligns thenartiealatest aryhe aligament mal jbg derp Whilesteh n. The

sane may be r : | Gt taivBRdoMkdnin, @ porous
ceram c mat e%{;lgﬁelflggt %?@%?%Qg%‘%‘g%/ USOZ‘?‘%‘ill “El ongat ed c.%nducti ng
nanopar t il§ul gteesosahpblyert ¢lectricat dignoknt of particulatagymay i oned whilethe eri al may
be co-sintered together to for I lG.material layers in accordance
with the i nvBRYT6H” enclglﬁcsuée(f(ﬁ?alglgﬁ g‘%%‘lﬂnt%e'nanopart I culates and insulating

mat eri al parti cul hifgfmired, @ fartheacabalimerftdf ofte capaeitozlobthg preseht meventiar t i cul at es

5 are likely.to situate. in voids in. the sinte di.el egtri.c terial, in
whi ch case tﬁeﬂ?“’%yeap@élmélr)'%‘?%'ﬁés %1@"%8@18 magegaf‘%g?/vél}g anf}rs{sﬂ%ﬁtrgg? ?{ig t he
materi al to andi s0o@ bodd 4€or top bflthe dietectric 4. Bewrgathe dletiastepdd andcul at es

m ght be held in alignnent by a str electri f] during formation of
the conpddit &6 ﬁ’ﬁtaegrei’%l O.T%‘P‘?d“{’ & SM&S%}"&W&W&@ ﬂ§rﬂeFe %‘ggtq 13?r§%elﬂbq ative to
pol ymer i nt epftdtie saptitadce. [riRUSYIBY belelectichisdBRATR nas De Bbindtted t he pol yner

when in solid form it may be o
(not shown) alternatively to a DC (or low frequency AC) biasing circuit for reasons

described below. When a DC potential is applied to the electrodes 46 and 44 as

shown by the + and — symbols, a DC voltage is induced in the strips 48 (also as shown
25 by the + and — symbols). The symbols also represent the instantaneous biasing
voltage that may be applied to strips 48, should they be connected to a biasing circuit.
Alternatively, strips 48 can be provided as a thin single layer between, but separate
from, electrodes 44 and 46, to increase the dipoles strength. The main purpose of the
conductive strips 48 is to simply enhance the dielectric constant of the now composite
30 material 42.
The dielectric material itself can be a tunable dielectric in this model, wherein
the conductive strips can help enhance the tunability of the material. Thus, a material
such as barium strontium titanate (BST) or other ferroelectric material could be the

dielectric material. The dielectric may be a single material or a layered material. By
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necessary to align the particulates while the polymer is at |east partially
flowing. A thernoplastic polyner may be heated to softening prior to

appl i cat iwo oofosgske strong electric field that aligns thepgoartSozuiias es, or
the alignnment may be done while such a polynmer is at least partially fluid
while still Sing it AR aBBint 61 antd) iR Wiasirg bl rddrs UB BF ADRlapRALY TET

el ectrical albl?&é)nrrgnt o?&par ticul zft es nmay %Stladgper_yé_‘%rsreg whi'l'e {%gtb polyner is
in an un- cur toe dermmsshova inFiguye &gowld alseact pparf drigfigial diglecsricfthatieheancednbodi nent
40 of the ca ' . i ' ' . L: 40

I ncl udes a d?%l%é%atg {lﬁt}ggf&é‘?&%ﬁe&ﬁ%ﬁ@ﬁ%h’g&F i érléctu% g‘fg\géta?o egﬁéf?l% and a
second el ect sidelbein®the MR faghd eléctroles anil hesbinmiaterias 48Be between designasingther odes 44
and 20 46_are _a sgeri.es conduct i Stri 48, that | act. wth the RF
field to Pnc geggﬁ%?fewoug({ l?ee%?e%vg%%s\aég%lg}latygpgg .ggﬁt‘??eﬁls‘i’%&#a%ts %M tEe)l ectrically
i sol at ed, or hasg)a High mobiligotleteby (e tcars boformheddstagulatg tor steipy ag deseriiod, (or | ow
frequency AC) biasing.circuit for reaspns .descrihbed bel ow en a DC

pot enti al iscréf)tﬁ}giaesd'%’tl?f eﬁ%l%t ‘éﬂneaéflro%az%dorﬁés ‘H?P&S%4L‘§¥eenstﬁ%m %ﬁ/mt he + and -
syrrbgl s, aan@lerddEmh ek m%n*@uall e;inibﬂdihi&ﬁt. Jhedeptatebndyallbedsmedanwn 25 by t he
+ and - synbols). The s ol s, al so represent the instantaneous hiasing

vol tage t hat Milagers sisisiyresfo obtagymylijele E?Gf?rsé’ Sighgnabildy mgferia ﬁl??é(‘f‘?lbed to a

bi asi ng ¢pr Ciitdract wlItvAMAS RY @hd/causd 16WNSss 4 Bheabsthee RateMaldedows baat hi n singl e
| ayer between, but separate from electrodes 44 and 46, to increase the

di pol es st r eAgedard diplectiaProgyist RostBnable material sushds briuppstampypdiangte s ¢ o
si npl y enhangg, qa;@fsetis%{x{d'afd iﬁ%{ﬂ?&h@iﬂé u%fmﬁabﬁiw&m@mémco%m materi al

42. The dielectric material itself can be a tunable dielectric in this
model , wher eieven théveselvgnbiibe bipsing eleqtipdess dn theers thatiiindesirehio hatimabi | ity of

th terial , . ' [ ' ; BST
e materia F%l}: Ue%tm?abﬂﬁ}t' Gécal?ge of g%&gﬁ’fg ﬁfee@tfdéfié@rﬁﬁér%'dé% fdv}ﬂ@ﬁh_@rh(e ) or

ot her ferroe ric materral cou electric materi al .
di el ectrilé mmatepial, answonjil prefratense alhighymebility yatasidl. ke dkey Slpl.lldBthLHmw)

03/ 088358 PCl/ USO2/ 1 %%%lagﬁgcgl%jgp%ggfcpﬁlgpa%r § i Qb nifiel iSush o t D€

bi asi ng el ec 1°04es capacrtor- pe Tormas shown I n Bi gure 5
coul d al so aety d@mt whersapplyfingomadimein élrdxg voltage dvatlabdafoathissgreuit, meost efnabi | i ty of

the overall structure with,the thicker . electrodes and op._either side
bei ng t he RF‘?l'feic T4¢ E9BEE Wd@&qﬁﬁiﬁe’i He "?%?cﬁmﬁgtltgﬁfealﬁé bﬁléal?cﬁtg%rg Ween

gesi gnat i ngI gaﬁnﬁ Ollémta%iiaale ot igdvaiVublel td tHeeR R fisdé dInteTdveisg withithe RRayers 48 in

et ween wou e desired to, have a hi.gh bility wher hey can be
formed afla ﬁle&‘f%i,es_ﬁ‘r W&?y%oﬁl@QE‘if‘%Bbtg?mnﬂgé’ ?‘i‘ynt{jnaj’?%ﬁ“ﬁ??tf%er effect than
as el ongat ed nfaeeia1 45, 5RQR0An BRINMERR chbiEbltvevwar dipslee flineaeswilisRPEeldt he Fi gure

3 enbodi nent. These plates may al so tb% formed as )
as the bias is increased. This aspect of the invention is important to all embodiments.

The DC bias effect will maximize the RF capacitance change when more of the
conductive charge carriers can be constrained by the maximum low frequency or DC
25  bias potential available. Thus, the total amount of charge carriers (conductive
material used) available should be optimized to electric field available for control of
the effective capacitance.
The following theory, not to be limited is presented to explain the effect. If
too few charge carriers are present, the capacitance is not maximized and
30  intermodulation distortions effects from increased RF power levels can dominate. If
too many charge carriers are present, then the bias voltage will only “freeze” a portion
of the total available charge carriers. Then the effective capacitance change will be
similar portion. The desired device has the potential for the bias potential of the

system to minimize the availability of 30% to 300% of the charger carriers, preferably
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mul ti-layers structures to obtain nmultiple |layers of high nobility
materials that will 10 interact well with the RF and cause | ow | oss. The
substr at ewoeB@ss3a8 42 could be a standard dielectric or ®aamlubobel1a3t unabl e
material such as bariumstrontiumtitanate. The top layers 48 could aid in

enhanci ng t hgedq6350k 'oHﬁe Qlfla %J'da&e?i %M&er%ré}%bl‘}@'l‘%% 1@0"/% BrinBemRed ves be

t he bi asing el ectrodes. e case that it is desired to have enhanced
tunability beemigse of the bi asi ng el ectrodes, rather than use a | ow

mobil 11y 15 MAL el iifthe R0 WY s bEhiRlind AediBfesieGbulR dillukdfpt er 1 al . The

key would be to liTmt er o abl e’ charge carriers so the |ayer
t hi ckness i spos:tn‘teranﬂInegttlwﬂvcslulgtha(&OSSMaXMIﬂV\Msﬂbblphﬂ lpftelpcrmedeiddum t uni ng

vol t age ayai abI i i j . thin
Uhi s Payer aPBhe fofie il Gt bhoaedBhnE bosiiopf R0 AR BRI, 0
avai |l abl e or audlpasalvle@bteetlatlmactdsethaﬁtrﬁcteiep[as showa). dccqu&cgbwmatrboﬂf@ RF 20

el ectrodes in, thi t he l rfor i a t2unabl e
substrate 8??%[3 thBﬁaf[XaﬁQge "{Wg‘ %ﬁs rewcﬁ't[l‘rﬁeb é‘%ggroéi poles to
interact wit Iblaaﬁgfeleedrdﬂes.asoxtdxembiea&enemmyrbe n}ﬁeslﬁ@hlngT&hewompthemxdﬁle t he
invention is_inportant to all. epbodi ments. ffec

maxi m ze t hebFélgggﬁ‘ opiffkel% V&‘ﬂ’afﬁbav‘{/\ﬂ’é‘ﬁ sHips BGW n‘igﬁ‘éve H"é’tngfl?gm char ge
carriers jgan filoRl weikstheRbaad Hét(vefeﬁl €heSEi FELUS) WRNtHe RECREEN EXterdingDetwaen bi as
potential avail able. Thus he total anmpunt of char gé])glaﬁar,ri g{)%in&conducti ve

mat erial use®F e&vgpqle&ﬁﬂéni%unas B%“lﬁﬁF? havedbr adyantyes of pllowipg vai | abl e

for control QBltangﬁtﬁéf{Feﬁqu@y&ﬁtﬁ@&iottﬁéqﬁébla-ﬁii?cfr@ﬂlﬂ owi ng theory, not to be
limted is presented to exgsaln f ect too few charge carriers are

present, the capa&he aumehsr pisstripstor plases A8 icthe anse bawesnthe lefisad nghti on
di stortions gif&eles4d hRiAe aa&rd%%eﬁeﬁmp eﬂ@;natla %VxﬁhlﬁFl‘E%&pg O el of{ too

many charge carriers are present, bi as vo only "freeze"
a portiod5 ofsmghe)lett@i&lbet\a@ﬁalﬂhfalbft end:h@ﬁ g’@cmﬁ? #pqnsl 46T1hé ﬁlpp]ﬁéefglf ective

capaci tance %ﬁ@go% ﬂeh%ﬁgfthge gqelrg@ﬂg%&afzﬁ ‘bethdn ﬁféw&&ug&eq cadligs the

potential for systemto mnimze
availabilit unfabﬁ@%zmﬂd B@B)%d)dm mheepahaogbaatwmreacleadgge ofthe tham hmrymdS WO

03/ 088358 P 3 har,ge_carrie d nore
preferably %lﬁp% é?c? g‘{e glgréﬂzerlgwo?lge tﬁ%c{%vaeg{eh%gfho{t}y ng these
as bi asing elmlbmtéeﬁthem@l@trmj Chabiﬂltﬂhttceﬂladieleﬂ@lc lpes4l, ithestripsd8negat i ve

It he | th b AR 5 b
Pegat v Jind CEEe FPYRH b el Sr ey Op s @il ThER SHrRbe mat | ng

negative andhrqGshlkd ee mpaedﬁtouéﬂa #aduess the structure, (as shown). It
coul d be that bot ’rllh;ReFlectrodes for the various embodiments of this invention may be in any
arrangement or orientation. Parallel plate capacitors are commonly formed, as are
interdigitated. When using parallel plate capacitors, the biasing electrodes, if used,
25  generally would be parallel to the electrodes. This would enable large capacitance
changes with reduced bias potentials and low intermodulation distortion (IMD)
effects. In particular, precise thickness of tunable material can be formed between
each thin bias layer and the electrodes. Currently such thin tunable dielectrics are not
used due to IMD and breakdown. By having multiple dielectric layers, such effects

30  are overcome, and the biasing interlayers enable the desired low biasing potentials.
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el ectrodes are at the sanme DC | evel, in which case there would be an odd
nunber of biasing electrodes. For exanple, there may be three biasing

el ectr odewo 081088388 ddl e bei ng bi ased positively, wth thePCmRUSOMIEB3 Strips
bei ng negative. The biasing DC 10 field would then extend between these
strips 48, with thge Bﬁeﬂdoﬁ%ﬂllﬁéﬂﬁﬁé‘&s&%eﬁ%gﬁ%dﬁﬁlﬁ:l\@&tcff@ﬁ’é%ﬁic‘l“ and 46.
This would al so have the advantage of allow ng floating voltages in the RF
circuitry relesMRle to the DC biasing circuit. The nunber of strips or
plates 48 in the area between the Iefﬁz@ﬁ#% right electrodes 44 and 46
could be varied fromone plate to nultrple strips. In the case of a 15
single plate 48 bétdideatri¢ matetidfiayen 46 midronsethick toropiesingA4 meelth Beandt he di pol e
| engt h woul d the RF
el ectrode§) ,69%10211&%%%%5 Qeang)gl eh%taﬂt%%{gédns(lﬁ%n%&gu ? ﬁel}“g% ar alpﬁgég bet ween
each edge of ahdsilitawere Icaqurosmdcfront Separiefe combudtion dieenfiBXCviipoe depositingt h) whi | e

the RF field ext end el ectrodes.

I n addition t‘eéeﬂ?gﬂa%ﬁ 8 chqugﬁ? %’fm%?lﬁ@ %%PF%E%@Z%Q%?:M covered

ei ther parti ald5g,00t. A@eth&blebtybdbjaydn mhdeaif silver was ftmed orothe exposddner eof . Thi's
is also true far eI%c des 44 eelectt adesfor t e vari ous
enbodi ment s SPriackiE the frlcc}?yeﬁaa'@’ad’ép?cﬁa%fﬁ)}n PIGRTPRAY BAHATSYFC B YaBRYat i on.
Par al | el 1pl atb@sim ?I&aﬁagte@rgesan@ar@@gmmsy formed, as are interdigitated. \Wen
usi ng parallel ate capacitors, the biasing electrodes, if used, 25
general ly wo |lel to CARACHANCEtrodes. This would enable | arge
capaci t ance ochanges W th reduceg) i as potentials and | ow i nternodul ati on
distortion (IjiyD) effects. In paggpcul ar, precise thickness of tunable
materi al canjope formed between >¢agh thin bias |ayer and the el ectrodes.
Currentlygsugh thin tunable diebgggrics are not used due to IMD and
breakdown. Byghaving multiple dpgjgctric |ayers, such effects 30 are
overcome, an the bi asing interlayers enable the desired | ow biasing
potentials. 16 WO 03/088358 PCT/US02/11133 The invention will now be
described in greater detail by way of specific exanple. Exanple A
dielectric materi I i o Pt and 5
66 nmol % silica vvaz"h%J ogl:idtan%nscﬁg Hg%gst égﬁcgll I?%gﬁﬁ g%ggmgégm{ﬁ?/atl num
parti cul 20es byaeferesdd in tieineatietyco- deposi t ed from separate conbusti on

chem cal vapor deposition (CCvD) flanmes, such CCVD fl anme deposition being
taught in U S. Patent No. 5,652,021. A second el ectrode |ayer made of
silver was forned on the exposed
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surface of the dielectric layer. The capacitance in picofarads was neasured
at various 10 biasing voltages. Results are as follows: 15 Biasing

Vol t ageCapaaBisssse 0241.4 10240.2 20237.3 30230.6 40224. @CThse®11133
publications referred to in this application are all hereby incorporated

20 by referenggtidchiiflts:entirety. 17 WO 03/088358 PCT/US02/ 11133 What is
Claimed is: 1. A capacitor conprising: at |east one first electrode; at

| east one sedond @l d@pacttorkempafi@ga conposite dielectric, said conposite

dielectric conpri §¢1@£{A§@fﬁ£&w¢a&i§§ of conductive material in a matrix of
dielectric material; ereirn sald conposite dielectric is electrically

active such that ptleastionelseeond electraslsnandant i s adj ust abl e by appl ying a DC or
| ow frequency AC bi asi I . . capaci tor
PSR YA RLRER: A R Rl

of claim1, wherern ates are el onga that is
at | east two cbndwetivegnaterdiadin 4 matmixafidielsttric atepiak t i cul at es' ot her di nensi ons.

3. The capacitor of claim 2. wherein sai l.ongat.ed riicul.ates. are
predom nately arr 3’&?851& Sglg]c?ﬂmf’%sé? df ey %ﬁ%ﬁ‘%ﬂ? flcetlsveisﬁ&[thaet it aftieBc

el ect r ode- t o-cehstmit fsadmstable bgapplying a DC ofkew apendyt AC biaking valitage Betwebrer ei n t he
ratio of the ve tora of the length of the elongated particulates in the

el ectrode-t o LP8Fe direction relative to the sumof the vectors

| ateral diregti onTh&caphcitofaBdlaimbl) wherkinlshM Fartidulatchhage dlapatet iwath adéngl ai m 1,
further conprjsi n% a thin filmof insul ?ti ng material between each
el ectrode andhat fieat laihswe fmgs geaiprdhin qny of Bie pargulates other dimegsions; ai m 1,

wherei n sai d 3condygs bapeilRbEAIR 2, WhSreth SRV GBaté@pdrii@ilates are
predominately arranged such that their length lies in the electrode-to-electrode
direction.

4. The capacitor of claim 3, wherein the ratio of the vectors of the length of the

elongated particulates in the electrode-to-electrode direction relative to the sum of the

vectors lateral direction is at least about 1.1:0.9.

5. The capacitor of claim 1, further comprising a thin film of insulating material

between each e_lectrode and the composite dielectric.

6. The capacitor of claim 1, wherein said conductive material has a charge carrier

mobility that is about 10* cm?/V-s or more.

7. The capacitor of claim 1, wherein said conductive material has a charge carrier

mobility that is about 10° cm?*/V-s or more.

8. The capacitor of claim 1, wherein said conductive material is a metal.

9. The capacitor of Claim 1 wherein between 30% and 300% of the charge
carriers of said composite dielectric can be affected by the maximum bias
voltage.

10.  The capacitor of Claim 1 wherein between 66% and 150 of the charge carriers
of said composite dielectric can be affected by the maximum bias voltage.

11.  The capacitor of Claim 1 wherein between 91% and 110% of the charge
carriers of said composite dielectric can be affected by the maximum bias

voltage.
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mobi lity that is about 104 cn2N-s or nore. 7. The capacitor of claim1,
wherein said conductive material has a charge carrier nobility that is
about 106worBMBsss®or nore. 8. The capacitor of claiml, wheceiusoyaila
conductive material is a netal. 9. The capacitor of Caim1l wherein between

30% and 300%;of th%&ﬂ@d"&ﬁ,mdﬁahghﬁfoﬁaraém@d &%e&ﬁ{snaﬂnhsl &h@b@%&“ c can be

affected by the maxi num biras vol tage. . The capacito aim1l wherein
bet ween 66% and 1mv@maarﬁelu@hra¢@§g@aqu@wed mtalsrmndpa@mmm esdvasbectric

can be affected b S, b AR gﬁﬁ of Claiml
wher ei n bet ween 9% (%}Qe "%%Ey}%?ﬁthe charr ge Su?:fgc}ern?-{é?sego g%%a? conposite
di el ectric can beomhfiepassivatey metabnanararticniates and theveblytrelepse ndr®pMicIBEH88358
PCT/ US02/ 11133 12 A thog of producing nanoparticul ates of el enental

f elemen
metal conpri sing prow I'ng a solution of organic-passivated netal

nanoparti cul ades [The method v&Clhim 12awhkréie adid sgutim cdmptibes biganictpassivatednper at ur e
sufficient to deco(ﬂgose q organi c- passi vated netal nanoparticul ates and
thereby rel ease n# ﬂ%ﬂoﬁ’%ﬁ‘f%{? of elemental metal. 13. The nethod of

C aim 12 whengi n Thé fethiod ot Cloim m\vmréiﬁ@eﬁ'd So1 @0 cOmPFSS orahie hassiiaked
nanoparticul ates The rre hod of Claim 12 wherein said solution
conprises organi c“é’&%’é‘?‘@m S | ver nanoparticul ates. 15. The method of

Caim12 whensin $Rd Mlethod St ClRih LONRéS 66id 881@@H BmPASS biahRpassHRAREET
nanoparticul ates. 16. The nethod of Caim 12 wherein said solution

conpri ses organi c%?&%‘la\‘}‘éﬂaét&“laﬁsckel or cobalt nanoparticulates. 17. The

met hod of O ggm 1ghafheh6d &@Mm&h&ém@m SR DEDriQs GAAhR-fRadAkMat ed
pal I adi um nanoparticulates. 18. The nmethod of C aim 12 wherein said

sol ution conpri sesickel guerbelt penopariientleles- pl ati num nanoparticul ates. 19. The
method of O ghm 12,6k 64 gfgﬁmmﬁé&meﬂdg BRnl ORPrices BYARRGALARRA SO vent.

20. The net hod of alm1l rein sald solvent conprises an aronmatic
sol vent . palladium nanoparticulates.

18.  The method of Claim 12 wherein said solution comprises organic-passivated
platinum nanoparticulates.

19.  The method of Claim 12 wherein said solution comprises a hydrocarbon
solvent.

20.  The method of Claim 12 wherein said solvent comprises an aromatic solvent.

21.  The method of Claim 12 wherein said solvent comprises organic-passivated
metal nanoparticulates of two or more metals, whereby an alloy of said two or
more metals is formed.

22.  The method of Claim 12 wherein said solution further comprises a dissolved
precursor of a metal other than the metal of said organic-passivated metal
nanoparticulates, whereby an alloy is formed.

23. A method of forming on a substrate a thin film comprising at least one metal
comprising forming nanoparticulates of metal by the method of Claim 12 and
depositing at least a monolayer of said metal nanoparticulates on a substrate.

24.  The method of claim 23 further comprising sintering said deposited
nanoparticulates.

25. A thin film formed by the method of Claim 23.

26. A dielectric material comprising a polymeric material matrix and metal

nanoparticulates covalently bound within said polymeric matrix.
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21. The nethod of Claim 12 wherein said solvent conprises

organi c-passi vated netal nanoparticulates of two or nore netals, whereby
an all oy wbhosasssst wo or nore netals is forned. 22. The neChaoniiigl ai m 12
wherein said solution further conprises a dissolved precursor of a netal

other than the nmehalyRioS@trighgdphit oPASHLIALRE ERIRh saifBRARALS hCUl at es,
whereby an alloy is ?o.rmed._ 23. A nmethod of formng on a substrate a thin
film conprising atieleetsismagamiel imaeeprdanegyith Climgo.f or mi ng nanoparti cul ates of
metal by the,geth 12, 30146 ReSdikd Db | 845 HQPpl ayer of
sai d netal nézggpagﬁ}j% dfatatfgé o a sug?s?ra_?e. ég‘%%ﬁe rre%%lgd of claim 23
further conpri si ngampartierategcosalentlydhopodvitkid s3id nolymeti¢ matrixt egnpris@§, A thin

filmformed by th t . i ; i i terd onpri sing
a polyneric mater ?oél-'llﬁﬁl ﬁg)(f)’ gsl“ﬁ%teéi%dcﬂ r%erﬁlf‘é%m%‘glﬁtggbé’r p?%éﬁ’%gegag ngc%\?gﬁrtlgﬁ ﬁe§ bound
within said polyneud agait mbietiesk®vaAMMtIFDOARIBB 58d RPGIDPLIBORARS, 388 oRiAnic A

capaci tor conpri si .a pair of .electrodes and..between said electrodes, a
dielectric materi gﬂo%lﬁs lg?gglgrﬁa%fﬁ%ﬁﬁotuﬁs TPtV %Forﬁgqneﬂfsﬁgf%%eplweqcor mng a
mat eri al conpri si agti, @@ yner matri x and metal nanoparticul ates covalently
bound within said polyneric matrix,. ¢ rising, . form assj vat ed net al
nanoparti cul at es E‘g?fﬂéisg’idﬁ@mﬁ%'ie&?s Oﬁa%@g@W?%&}ﬁ%{%én‘{%ﬁ%%% C noieties
coval ently bound hshopatichlited ot dacthat®s, said organic noieties having
functional groups reactive with components of said polyneric matrix, and

reacting sai d2conpbiasited acomdigdo fAm 78 Whereiseid; comppreriaf §2idassi vat ed

nanoparticul ates pQyhefidhadk doMphiRpoRmeriZdble EB@psRUN Y afChdions to Caim
28 wherein said conponents of said olymeric matrix conprise

pol yneri zeabl e cosouRifdsaid eERaniginepiqtiep areicomalymegregbls svithsalai d or gani c

noieties are co-p (gly,?.q' Z288B)Erdihid said polynerizeabl e conpounds. 30. The
nmet hod accordi ng ?o ailem 28 1ﬁ%erei n sai d conponents of said polyner

mat ri x conpri38e p&hemethodirspidingdo fladn 3B mdretfeinsoidi comapnagisisaid palyhes ai d

unct onel o oup ik 30 @ BN R G G0 M B
nanoparti cul at es functional groups of said organic moieties are reactive with said functional
groups of said polymer chains, whereby said passivated nanoparticulates
cross-link said polymer chains.
31. A capacitor comprising:
a dielectric material;
a first electrode on or in said dielectric material ;
a second electrode on or in said dielectric material and spaced from said
first electrode; and
at least one strip of thinner conductive material on or in said dielectric
material and between said electrodes, said at least one strip being made of a material
that interacts with an RF field from either of said electrodes, to cause an increase in
the capacitance of the capacitor.
32.  The capacitor of claim 31 wherein:
said at least one strip of conductive material comprises one strip of
conductive material.
33.  The capacitor of claim 31 wherein:
said at least one strip of conductive material comprises a plurality of strips

of conductive material.
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cross-link said polymer chains. 31. A capacitor conprising: a dielectric
material; a first electrode on or in said dielectric material ; a second
el ect r odeworn3mgssss sai d dielectric material and spaced fr eargsozii1183 r st

el ectrode; and at |east one strip of thinner conductive material on or in

sai d diel ectnic MRS @phdlor shiRetIWaRFeisal d el ectrodes, said at |east one
strip being nmade of a material _that interacts with an RF field fromeither

of said el ectrodes, Stid phulipolsrins ot ceduetivematerighars aliernately atiached tof he

capacitor. 3 osiff%nﬁ%@@ﬁiiv&%lta@és&'a%id@ln?%ir&ﬁl@r ein: said at |east one strip
I~ conpri [

of conductive materia nprises one strip of conductive material. 33. The

capaci t or of 38! ai Fhe3sapediter eff alaimSdiwhegain:| east one strip of conductive

mat eri al conprises %T%g{e%hbﬁ%%@ oi%tofléllfatcive Bgtfﬁ@{ﬂgygé%{g%mgﬂ{e?ﬁfo@'ﬂh 20 VIO

03/ 088358 PCT/ US02/ capacitor o alm vhereln: <aid
plurality of tetisiapsutdd® @uwidsctmere. materi al are alternately attached to

positive and,pegatve volt S._of .asing circuit. 35. The capacitor of
claim 31 V\k1er3§’| n: rrié%?agacé{or a%gas %(%r@egétu?i p of conductive material has a
charge carrier nobi lsaitl yt ledshade stisp eftvonductiGimetaiihasa chargeearrizgémobihity capaci t or

of claim 31 rein. said.at |east one strip of conductive material has a
char ge carrig%?ﬁﬁh?‘ftilﬁycm(‘ﬁﬁ?”f’%reabout 106 cn2Ns or nore. 37. The capacitor

of claim 31 vsher eThe capadidr aficldiaddtwhergn:st ri p of conductive material is a
nmetal. 38. The capacitor of cl ai&l]_ 31 wherein: said df electric material is

tunable. 39. The capdates onsrstan ofisopdpctiygmpterial is AmeAl ot | east one strip of
conductive mgeri ®he &apadifor SRIaimEM GilRteid:ayers. 40. The capacitor of claim

31 wherein said electrodes forma paral]el plate
said dielectric material is tunable.
39.  The capacitor of claim 31 wherein:
said at least one strip of conductive material comprises several layers.
40.  The capacitor of claim 31 wherein said electrodes form a parallel plate
capacitor
41.  The capacitor of Claim 31 wherein said electrodes form a gap capacitor.
42.  The capacitor of Claim 31 which functions at a biasing voltage of 10 volts or
less.
43.  The capacitor of Claim 31 which functions at a biasing voltage of 3 volts or
less.
44. A capacitor comprising:
a tunable dielectric material,
a first electrode on or in said dielectric material,
a second electrode on or in said dielectric material and spaced from said first
electrode,
at least one thin conductive material located between said to electrodes, which
strip is biasable differently from the electrodes to cause a change in the capacitance of
the two electrodes.
45. The capacitor of Claim 44 comprising multiple conductive materials between
said two electrodes that are alternatively biased.
46. The capacitor of Claim 44 wherein said electrodes are made of materials that

have electron/hole mobilities of 10° cm?/V - s or less.
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capacitor 41. The capacitor of C aim 31 wherein said electrodes forma gap
capacitor. 42. The capacitor of Claim 31 which functions at a biasing

vol t age owolB/0ss35¢ s or | ess. 43. The capacitor of C ai m ¥UTwsoziniBaincti ons
at a biasing voltage of 3 volts or |less. 44. A capacitor conprising: a
tunabl e di el ect4 en&BpeEitoRbf CRink 44 Fherth 85l eREEORE @ madB omhﬁiﬁfié fhectric
material, a second electrode on or in said dielectric material and spaced
fromsaid first biveelecaewholgmobiditierofolle ahi\ scsdessict i ve material | ocat ed
between said to ' 1Rl i [oFH ly fromthe
el ectrodes to c%sﬁgggétgpgﬂg)?lSfe&flalrrlgt%gﬁ%:rg%g?:l?t% g%@gﬁ n%taﬂigi atu\%{)rﬂ é}f} ectrodes. 45.
The capacitor of Gipatitor44 conprising nultiple conductive materials between
said two el ectr .. ar Lvel.y hi . aci tor of
Gai m 44 wher of 38 SehasBpPCHlE ¥ BRI RLAREE ol af AT

el ectron/ hol e nifhiThe tapestoodf Cladn 44 Rhereis said corelustiveRiateidl GAMigRL358

PCT/ US02/ 11133 47. The c ci.tor. of Claim44 wherein said electrodes are
made of materi al s5¥f y“ﬂ@’%egf’%&&%%/ hole nobilities of 10-1 cm2N s or

| ess. 48. The cHipahé éaphcini offCRAInMM4Hdhavbiasaid cosiattiveahaerial Gadignddor m a par al | el
pl ate capacitor. 49. The ﬁépa%i@t r of ﬁlai m 44 wherein said el ectrodes
forma gap capaci Eg¥rllyparallehiot zi%ﬁ'ﬁ‘ictﬁ(? “of O aim44 wherein said
conductive material is aligned generally with the electric field. 51. The
capacitor of C aim44 wherein said conductive material is aligned
generally parallel to the electric field. 22
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