WO 03/088358 0 9 NOV 2005 VARI ABLE CAPACI TORS, COWCSI TE MATERI ALS The
present invention is directed to capacitors that can beq thEBy Z}ﬂ[g bi asi ng
vol tage. Thwops/essesst i nvention is also directed to novel p i tes and
conposite materials that are useful for form ng tunable capacitors. 5
Background of the | nvggtg’ %%L@ﬁﬁ gﬁgltrbﬁsi émwfﬁ%%ﬁmﬁ capaci tor
materials, dielectrics - - are : nge when a

el ectric bias is afjhkpedentinyventiratis dirested theapeadifozsl that canibg tuisd kyrafgasingl i ne.
These materi al s, hav L& 1S LG 10 NRB e
material s have‘%ﬁtﬁ%hgf;hglpgegérg\éﬂg %Ogl 1§%Ig&§ggl{er ed , \A%‘/ﬁag cufa%\%éﬁgc##g)@}géerfor mance
10 of the funchatenes theteare seeul farforadul whablke capseiters. mat eri al s have | arge

t enper at ur e co§{ci('% 8{&{1&@ &fnv&ﬁl@ﬁ‘ﬁi tance. Therefore, it is hard to keep a
constant capa atrso knowi ng the tenperature of the system
Moni toring and f eedheaok theospes witlevatiableroapagitor egterinlsdi¢lectricconwhkossat e f or
changes in capagitance w.t.h t erature, Therefore. decreasing the 15

o oot tve overdoudy sarmiliied SRR Picha Bleadit Bl iRl SR BRbE el
conpensati ng must beitrystalfine. t Tiese mhtagdehavah @etoadkite etyparre.cMasy oftpese | imts in
response to fre ncy .somewhere .in the 15-45 .range. .,.Dependi ng on the
mat eri al , resﬁﬁ%gﬁ\fg%%%"zs llﬁv\é\/ﬁ{gh%r]ﬁsﬁ?s e %ﬁ%&q@?ﬁﬁpﬁﬁg TPB%uenci es.
20 The crygt aldfitRaunaibhildentest hese materi al s depends on deposition
paranmeters (tenpetatyure, etc.) and substrate propertjes. |t is.inportant
Phat the. oryst al |+ iR Besespaitris th Bidedrm RingR periogss pheophripiiioc

per f or mance. Aﬂh‘éﬂ:forb,@ﬂi(ﬂarl’dit@ﬁedﬁ&&o?%ﬂg&pﬁcitah&&ﬁitlﬂ)ﬂdalb(ﬂdi@mf the the Cen
capaci tance structures _or RF signal an r the anount o mat eri al that
experi ences t HEMRATIECE eéY%ﬁa-ngbm%gfﬁé?%@%’époePs HREORBPR AT Bnt | on
enabl es mat er icamperstte B haided® th dapatitaktd wethdemsekhite f TEGEHotey décRehbia e the

tenperature coefficient of capacitance and can be put on a wide range of
subst r at eslusicHgetyeriverall Fhange IgPPasitarce sebdimingig the noed-for ePMRENEEPRJ ar ound a
conposite of ngtgrials or a structure of materials where a wi de range of
conductive and non-conductive naterials can be forned in a variety of Ways -
to yield the desir Eartimn, thess aatesialsexpesiseseiupperdimimyn respange 1effeghensys wi t h bot h

negative and bbb MLt 3 0 G iLar W IS
nvi si oned T har e P e L O e SR A R B el

Icient o
appr oachi ng zdheonatenal ecreaspy athueher flyguensieant eri al s coul d al so have

utilizatiop in thergs &?st%in@n%tﬁr‘e\ 9f thise 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.



WO 03/088358 0 9 Nov 2005 Conposite materials formed of dielectric materi al
cont ai ni ng enbedded particul ates of conducting material h v§ b ﬁn@@ wn to
have hi gh dw&ﬁfsﬁsﬁ val ues. It has been shown in the past aNﬁ y m ng

a nano-lam nate of 'silica and platinum a higher value of capacitance can

be achieved with respect to pur ilica.. 5 The enhanced capacitance is due

to the formation of P‘yBB‘f‘@é“W'}aﬁﬁ fan???é’?éﬁfeﬁ“’ﬁl%q"ﬁ&?f‘m%%?‘%bed% free

el ectrons fromdafRuRledbf {YHTURNE nRRIrRl Ka@e Béeh sBSwilkh PaVeSS gIDGLMEED vAIRS.

el ectrodes; thus, adding to the capacitance of the structure. In a simlar

way, by having nané‘-ha&g?‘iﬁ‘éf‘%‘ﬁn yhe prst thathy fermying anago-damipate of slitannds of a

conductive nat &fldihm! HhigherVBkiE oX caphciBBce A bé &hRVedWaitiefektlct ol spRRACH t OF
can be enhanced. This i s achieved by 10 the additional charge separation

possi bl e i n 3t helhesahaaeasdrapasitansetis due tp thpdpraagion ofidipoles ¢ithin b thisyplpdmpmbnabl es
a hi gher capacijfanceamehret BEctflns GorOflE Slahnirt B8E 10508 BoldshetwedRiR! i al -
Summary of the I'nvention: Herein it is found that capacitors having

di el ectric mat efdcpdesiaires; adding tathectapacitBnce 96 thg steustuse nlddcirpijas way, by
seni - conduct i Vg, Rt fdoahmERLe! AR bARitatdioRs olidB Bt riaP1y
i nsul ating mat era?ig_ cganBe E?gﬁs%o v%nﬁ(t)g Dd?c rent or g)wd?r_equgancji AC
current in a diameaitix ofangesulaterdnaeriadthe apaditer @apeenheneed. dhisds achisaed pat hway
(in a capagit or, l.at e-t 0- e . i i vary the
capaci tancglloof “%%@@?g%%?%%?%%‘lﬁ%% Poﬁ%}gltﬁ?? %lﬁ ESg%%)e\k/[iggaedsu g‘?\(l)e?%egér)?rabl e

capaci t ors uti Ipagticnlgtes dfichoepatplesa higher agpat tracdonghe elestiodeQ6n ertheenidexdf theayer .
Hereinafter, t % [m "conductive particulates"” is used broadly to
enconpass particulates of materials that are sem -conductive as well as
conductive anduminiaghofdhhbimergiodi el ectric constant and tunability in
accordance with theyginvention..Jt is desjrable. for [ of i mzing
dielectric val ue of Hf"ﬁ’g ‘gfsef?%ngtdr]?tgaparcrlg r%ir’%"&gdﬁl%c °a’R#F‘gﬁ?ﬂ%§‘§d? %Vg‘%gf very
smal | conduét i ielgalrdohdustio¢ eseinécdmiactdd matdrial domaird ard costairetl widlinrsubst r at e.

The | oadi ng cannot  be so hi.gh, however ..that . conducti v art | at es
f or m'conducti v 3“’3%‘%%%&9‘?“{; ﬁ‘?%ﬂﬁtﬁnvf?én {ﬁ %?S(S@Wtf' @%n%“&”i 95}10‘1' Efi‘g‘fen‘(yu‘%{:les s

el ectrical i nsgl@éntitea diftgassperpedrdiduiarfodiapachive electriosl pathisay Cinlaahgriteran be
nanomat eri al s Fut shoul d t{e auffj Ci er;tﬁl‘,f{ Iaége and/ or é{]on%at.ed hat
meani ngf ul  di pBIAsIoTAPACHEr Pllg JHERIOPHY WY BF caparitaneq e tdreerygior

produced by an iletdnlpréviddsEbaridfle TpacitonyiMzing BuchSompbditeehs e Biekbeid t 0
nmet hods of Broduci.n nan?lgarti culates of conducting material that may be

used in di éPectptegiablayesy fsremaligis the tem “wopdueitieparticulatsy’| is ysed broad{ydp 03/ 088358

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.



0 9 NOV 2005 The invention is further directed to novel conpositions in
whi ch conducting material particulates or domains are distributed

t hr oughout V@O@i/(ﬁ% tric or insulating material. The i nvﬂaerg uﬂvsh%qgswt her

directed to net s of formng these materials, the 5 us

materials not being limted t pecifjc uses discussed herein. Brief

Descri ption of thegﬁ"éweﬂ{j%“.‘sglré’ﬁrr ef%eﬁm ’tPé’f'rcaf“@gs"éO“FHgg‘cgﬁ‘[ﬂ?ﬂ?tfﬂ@nt of a
vari abl e capacinh®fialdatiRuliedor doaidiare distEbired thionyiedt a dilecthit gtmsulaing
illustrates a secqnd enbodi nent of a variable capacitor. 10 Figure 3
illustrates a ?’ﬁ'ie‘F‘%]' enbodi mrent of a variable capacitor. Figure 4
illustrates an enhaneesh caRAs filrdkr difdicdkd MEthERDE Fdring s mafeBhl ahé)
Preferred Enbodinments: In figure 1, a capacjtor 10 is shown having a first
el ectrode 12, westsishanatarialsaot bring limiteddngpegifiguegs diseyssed begibet ween t he

el ectrodes. D glLigdséiptibf of e DAWARE: Of a 15 matrix material 17 and a
plurality of conductirve particulates 18 suspended in the matrix materi al
17. The conducti ve Fgwre | élystatess firgt ehodiseniof grvgyablecappatopegcpidingte thii t h  a
hi gh dielectrige.canaténba. but also results in a tunable dielectric. By
applying a DC'or |ow frequency AC signal (from biasing source B) between
el ectrodes 12 and TFigure Adlustes aseeqnd embodisrentraf ajvarigblaqappdfe, resulting in a
change in gapaci t angg, §ilﬁﬁﬁ&éﬁqﬁﬂ%ﬁﬁm%ofygﬁp%cﬂfa@?{%rd' ng a tuning
element for RF circurts A ile the RF circuits A and the biasing B
circuits are shown Fagirgéilhgtrasenaneohandedseapapitat. el y, t hey may of course be
attached {0 t NG GARAGLLGFhEELIAMGS ML AELRR;RBRE CoNNeCt fons or wire
traces. The ca i ) ‘mlar to capacitor 10, in
that it is fornedlofigeefli s spacioetd ischevitiving adustoledireded?t 2 sede®d, and a
dielectric 26 e . S | trd. i 8: formed of a
matrix materia &%)Sﬁ%{]hdggg%?léggqq% ? ig/[)%t?g%otﬁ%%%o\ﬁ/g& %@?@%F%ﬁéﬁgg Og%s pended
in the matS x matiematkiall7 anll @ pholdity bHondepiac parirulat3d isnspendtdsn thef i r st

electrically insulatjin r 21 and a second, el ectrically insulating
Coyer b5 The Tt RileRALITARE oGy B RE0 s Fe IS A dotdRASMA |
conductive parhiglcdiklatteis cafdtanbuttalve résnAdinagunablel dietécerits @AY, applytngaddduoct i vity
of the dielectric 26 30.increases,, .l eadin i ncreased, | eaka urrent,
ond 1oss.  The IPHESETEH A Separ Tosbiasie sowae Bbbrites e rades 1A prerh B
Iel [ (rjnj nating tgﬁelébﬁfﬁdt’)bofg@tﬁrgi@ﬁlkr@mﬁdﬁﬁkfultﬁ@ﬁgalhmthg@i_ni‘hﬁalcitanc_ahﬂl Im/\ﬁftgleiri]ﬂi@b

oadi ngs. escri bed above, the hi ielectri erials of the present
i nventi on ﬁioﬁ'bwfyeprawﬂﬂs?we@m&f CHPYELS G- @h@rﬁ'ﬁ*a : r‘r‘b"’Wﬁt‘%?’i‘datPg havi ng

mul ti pl e doneivingfB @ftudls 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



WD 03/088358 0 9 Nnv 2005 electrically conductive material, which domains,
in the presence of an electrical field formdipoles. These di pol es enhance

the di el ectwig@sngdsdg of the layer and increase the capaci tﬂagcm'g ﬁ
capacitor when a charge is placed across the dielectric |ayer rough the

capacitor plate ren tion of thed | tered
S by bl abi ng DD Guhi RaRRg; hEF St Bt PRt et paEcaid e n a
di rection perrfemddhpalbﬁrTHeQe dipesceapace thedieleetrie Ghluk ofihe pytiandyindpekeben t he
capacitor plates. Thus, acitors usjng .diel gctrl C teri.als of the

present invent |°6W°5"r“§ef’{1'r'i‘8 pacitog when 2 gharge is Plaged aprgssdhe dielectde laver 1 a4 o
frequency (RF) ﬂﬁeuglﬂﬁéc@smwbllateawméﬂ@ﬁgtlehﬁrdmeetﬁumdﬁ\dlm cadbe Albdd a | arge
nunber of di poles can be p gﬁf nHe dielectric layer, it is

desired that tR&adsrdget CFWQal wid pithsr B @r&wg?%gn%%me%ﬂmmreby a
very large nupb@endiuls s the GaHaBItING clB@McaD PatBwA RtWRA theichPdcRoplslbL | Bgs,r 1 C
material matrix wi thout, form ng a conductive pathway. At the sane tine,

these domai ns §eRaFitdeUing delectrrn Buaisrale Rhthe prefeat ivention RIS Syrablegsiimpogdic ed.

Ceneral |y, the fdaBidesdia Y&lidRahenddARF) ethcdl & wHIBRBIRF Se@onRelkvean about 5
and about 500 nanoneters. 15 Nanoparticul ates of the present invention nay

be produced by a vaP? teata lafge npﬁ’é@éﬁ dipsles enebegradyred iprthetslinlectm IBY%GEI@I ng

di el ectric gt @idiRl thaPfhe bHRILBERSRAI ulate MRS B0V srﬁzgl RReRbyY apér?
nanopartl cul at es and in sone manner, |1 Nncorpor ate th e nanoparti CUl ates in

a dielectric maumberal suckdamaias mey be mréaandwlﬁlam@elﬂqmgmﬁﬁﬂ@lrmw withowy |
metals or condyghiingg QRidESe TopdlRs a;b%Rﬁ@Q}b%%e'&g%ras&%yﬁ]'uytbféxarg%”bm' on 20

chem cal vapor deposition t echni ques as are descrrbed in U S.
Patents Nos. §n<81512th321ff@mb cepqlgszarﬁmdu@gl Gereeadlynibe ﬂ@d@ns kanowarti cul at es

of non-reacti V?m%&t@&&me&%cﬁb%e%# AoulM4 Ba! sﬁﬁ | g gold, are easily

produced, as afe a W vari ety oxl des, 1nc ng conductl ve oxi des.
More reactil¥e net al Nanopartibulatss Oﬁtmprpantlnmmhanmsyberprodmpéby aocebetly of and

ni ckel, may be esges e?%upé):ecr\n(%gé o) l;gmﬁlc ?dle‘leecci agﬁnals%rfghe pl\gngtpar ticulates

nay ea5|ly be Pncorpora di's ersing po ymer or
i qui d pol yner invedtiohiioto namely bmdman@nq:aﬁlchmeshnd, hsomlnyamer imgordongtente a

SoluLon T gk TP PR SRRl SRR, ool 1y
be sel ected 30efky metaa;rqr codduatiwel od&ies/a:liayebbprmhcqﬂahqxpafs&clyb@tcbmbh@ifoﬁopI asti c
o LTS 0GRSOl BB, S oRAEBRL L R vpor
mechani cal st aNb4.is{682 80 Dartiernt3 25853 bBl itikeye ﬁfathbdlﬁnanplﬁﬂrﬂdﬁlﬁ’tes oA R6n-rdabtiveoIme
cases, flexibi rlnletta}g s%fch tash ﬁa&owngl[adlulr:nogndeglo dcztlrre Iez(t:s ily pro‘c)igcl:eldcz?stalreo Q §V1de4
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,



WD 03/088358 0 9 NOV 2005 epoxies, polyimdes, polyam de/im des,
pol ytetrafl uoroethylene, and liquid crystal polyners are particularly

suitable. R peration Treaty patent application pubpi a
02/ 02320 Nﬁlbg’g@%ﬁﬁes deposition of finely divided parti CHI %['ggv o?nw
polynmers to forma film The 5 fjlmppmay contain particulate material,
ei t her parti cuFRR*S: Wé&?lﬁaﬁl#ﬁ@‘gglpﬁwegﬁﬁ‘?% ﬂ%‘?‘&‘?’r@d?’g&dl}ﬂs , or
formed by CCVDpolJherstafChtniciely shigwght in this patent application may be
used to forma dielectric filmwth a polyner matrix in_which are
di spersed conduct i npipH CoPramtiond seatpatent wplipation AEblsasRs WP 031923304t y pat ent
appl i cation publdshadessitbi ov\@;é);él@%_adlﬁar&cuhat&%?sme@ 16 fdPnla¥fim! GHBNI ques

S,

for co-depositing dielectric inorganic materia such as silica, alumna,
ceria etc. A&l ofinway Romain ppitichlate eterinh eithsepastigulatesisyspendediietheftipoughout t he

layer that is fo‘?ﬁxﬁ%gypgg%g Sdluma b tGHllxe‘fi‘i_tb@%C\ﬁyP’hhea@clﬂjcﬁE% 43Rt in this patent

nanoparti cul at es, sited with diélectric material, such as silica,

provi de sui t abirplicatioghnaybs|veed tp fermreedielp¢ted Blnt with g selyingr majrig i whish@aci t or s

in accordance WihsliRE,REEIEN ticufares! NVENtion. I'n accordance with one aspect
of the invention, met aII1 nanoparticul ates, including nmetal nanocrystals,

are produced by heaRdlated BaseniGooprsatioh Tenagematent srabication pellishereasal .
nanoparti cyj at §g %2/5'?24991 1“&s&{b9@§}h1ﬁaﬁgcgltﬁfggéstf&dcolﬂ&h@én@%a&@{éﬁ%ﬁgc Herein,

conpounds i n which netal nano-particu I'ncl udr ng "nanocryst 20 are
sur f ace- passi vatedalyisuth asrsgani atumina, etiizeic. Wong with pretit@ntesthat iecome

Or gani c- Passi vg ron (W{:" . tLcul this
type in which @%@gﬁ%{}/ﬁ{r&lgg%%{l%@h@#%F@mg%l e %ﬁgcrl%ﬁsa%u%gfi ‘g&rgtz‘?ug% red to
herei n as " nanmgrapirtiaddtes, esdepoRNINGS didlerire miterighrsogeastsilicafprivedagpitgide ubl e i n
organi ¢ sol vent.s, .sych. as_hydrocar bon | vents, . e.g... tol.yene, to form
stabl e sol uti o{rifgr;1 dlglégﬁcsr%t% agoﬂ%usﬁﬁnym%%‘rﬂ 4 ‘%%’“8’8&? ?clcgrﬁlg Cefg%hotrgeg rﬁ%er%t allic
conpounds. 15f inkentiongani c noi eties are pol ar, they maybe soluble in polar

sol vents, such as ter. The netal portion of the VNC range in size
from | nanoneter t\éﬁgﬁcﬁrdaﬁ&%%%?’éerag&cg%éﬁ%r‘3]’7"&90?’1’“6 l§a?°(5’g‘%blatﬁ%tnorret ers.
Upon deconposi intRbing bitea] nfivetysils) ¢ prddiced by Béakivig Sohitionsl o fdrganid pdskiested si ze
ranges, although, dependi ll"lagqsu.pon 30 conditions tt} nanoparti cul ates may

aggl oner at e i nigRbiaeRasiculalss, mpinding pleawc paspisiiRt @i IameTE S nce with t he

present invention Hatein!ddgpd@ide ihitRmeld] @ino-pMiidMaRs Mctidimt @mécrsstdR, N
wher ei n Mhanopani cylate is a nanoparticul ate of an el enental netal selected

fromthe &t ouse SBHEF-BEsSIvated ity gregnic paichies wilkhsgpiepred foQuganic-Passiveisdi um
platinum and welBNinocéstak or "OPMNC"s. Particulates of this type in which the metal
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 stable 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 | 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.

OPMNC:s in accordance with the present invention have the general formula:

Manoparticutate=(Z-R)n
wherein Mpanopanticulate 1S @ nanoparticulate of an elemental metal selected from the

group consisting of gold, silver, copper, nickel, palladium, platinum, and cobalt; Z is



5 WD 03/088358 0 9 NOV 2005 sul fur or oxygen, preferably sulfur, Ris an
organi ¢ noi ety that pronotes solubility of the OPMNC in an organlc

sol vent n‘{é %gsnunber sufficient for passivation of sgi@ cﬂgv;
nanopartl cu ate st commonly, R is an al kyl group having fr about lto
about 30 car bons nore preferably fromabout 8 to atl%@ut 20 carhbons, .and

most 5 pref er aBtiror grigshpntteratly pefusp isan prgapis moists thaidiemotes golubility of

strai ght - chai ngR|PNINGTIR YR orgamitl §dlveds ahdh {s@l pumDbkehkfi GNP pasRivaiti & said
solubility of the OPMNC in hydrocar bon solvents, such as tol uene. Cther R

groups may be O$&HnanopatigwaeeMost cammonkyyRiivpnslind grous Rwjaefram about b thr ovi de

functional ity hgu:8b @ﬁﬁod@%@x@%ﬁ'&emﬁy%ﬁ%&xt%% BB HEPRRRAL, and%ktvents in
addition to straight chain alkyl include branched-chain al kyl, al kenyl,

aryl, 10 ar§| aPrefarablyfrrep akpyt 12 thehosgkirathens graerelnstrajghs chaverlipligroumnd
al kenyl . R groyps af ®urel. hxﬁ&PQJaﬁﬁs'p?oxﬁ&é t’&ﬁt}ﬂ%y'of‘ﬁle'éﬁ@m@m rhéf&afteﬁ limted to

al cohol s, polyols, phenols, ethers, carboxylic acid nes, sul fonates,
and phos phat essolyents susbag tahecae.\@ther Foa*eumm@p uggid to h@momﬁ@htblllﬁhm ofldrut i ons

of OPM\Cs are sJi?é?ﬁsecg t o%dfe‘f‘ﬂl‘dﬁé f&?&?ﬁ%&:@se& OR%r m%%&tgtﬁb%er e the

OPM\Cs deconpose, easi ng t oparti’c at es e of the
surface passi vedlvangs 1g|a(b<up@n fo-sZaiBht. chﬂ‘lhelkel inghadettrdnchest- diamaékﬂ alkenplaaet

initially g TBORRR), ahé'yt‘J tt‘?a% Mtecffe?lg%lvtefge 2K, thd eﬁw&?f gig psf)t‘IBF et al

parti cul at es r 1y or ust such
nanoparti cul at bmro;dnhcaaggleomcatde, but frebi limifed|torslcahots, ﬁdy%@hendEethers
nanoparti cul ates erway nt er to ther & tg‘np}ta roomtenperature in the

case of soft net (f sien ammes ggiegn & application of heat to the

substrate, wher eby Itnhecdtrdmtoqmrtlh Dmﬂsﬁéceoﬁ’thtt inventiof, soluhienspdIOPMNCaires may be
| ost . Mxtures di fferent tals sited to form
b Toys or CoMGREdTRg R e AEIRgE R MierainizhyF Bhert s SMEER 8oz of ved
met al precws SOfeSe,aSLﬁgl(H@ naaalmoabpmﬂmumamdrsmubsmé Mab@pésawmlgt@ps(zm)ere are a
vari ety of us r el emen taI articul at

accordance w tﬂheteﬁ é’lﬁ‘?ﬁls‘?ﬁv f"‘i dﬂmgﬁp SIRyrOpATRC ‘tse?{%&s“e BEF\ as snal |

clusters or tdubstrdte, Itﬂesmétﬁxrﬁamdutataefeatatmxnoﬁbpdmémdtétsfoatt shall Rsedsiog Ul at e
nmet al deposited |n accordance WI h t he ][;%resfe*@s ! ventl on, either as single
e

el enent nmetal YFhaPMoByEaulaies. gr %&&%ﬁ%. th%a%opanwatateéty of

uses as well. &Bn§iRfeMoREth&0d £, dthbdin fehlpBlatuiy Rl dt@éfoftt@ft dRResiutRSs doly 30
accordance with the present rnvention which my be highly reflecti ve Such

thin filng ne§F Weh ‘ét% arplcgtionaof beat 9 the pubstitel éeieh ths mopgpard@yase nagyre of
ornanental pur@EssricullePRsy Béelgstf iMiSres BROPMN¢s %ereﬁﬁhéia@)&ﬂaﬁté &er, that

are highly reflective are useful _in _optical devices, such as mrrors.
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 omamental purpose.
Deposited films, particularly gold and silver, that are highly reflective are useful in

optical devices, such as mirrors.



6 WD 03/088358 0 9 NOV 2005 Nanoparticul ates of netals, such as
nanoparticul ates of gold or palladiummy exhibit cataly actr \éﬂbg

may small c &ﬁ,@iﬁgf such nanoparticul ates. Nanoparti cul al s
such as gol e used to alter the catalytic activity of co deposrted

metal s, such as platjnum F xa | at i num. tes are known 5 to
be useful as cat al yt 2RORALGY t‘?il ngke%ﬁa%éa&"%ﬁ@%&ts Ogg?lagrpad@fhuﬁ’i‘ﬁﬁ num
particul at es eaxﬁtbpaﬁttalyﬁuharvtty 8 wsg ephll llhgers of fueh Aghopaitisntedd by car bon
nonoxi de. osition in ordanceﬁ‘t@gﬁ)therne ion of gald d

pl ati num may pr B"é““d‘é‘i%ﬂ%ﬁ‘? HEFR ps8ot e 4ed 1o ¢ satalytig Qcy‘v'ﬁé ced
suscepti bility coQlepsitbdmpRissQiRRds Platirta. Fo exFRMERK praenunt partiul ek AownUS €

pl ati num t hi n fi conductive and resi sti el enents; . 10 however,
pl ati num t hisn % L%%ﬁﬁ%cwl&rfema laaifrrr*efp‘érmeé Ogr% ??3? (PR PlRtRMspasiIates CTR)

than may be desid ggticul Q'sﬁéc@ﬁ’dﬂl@ﬁ beltlgpblatdeauybtrmrnmt)ﬁdxm Woldepssridgkaposi t ed
gold in accordance with the present I hvention reduces the CTE{ of such thin

films. Thin fi |aﬁ%0r<t>arw%tyﬁb€re inyenif goldgd glatiaym man atpdpes catabiy paricylatsy t o

form patternedyg s%SsItzKer@llfre@lhée@lléh&éﬁfrbﬂ@%ddé&tg%ﬁoﬁ%)bybﬁrbgﬁ’Hf%ﬁb)h@éj as very
thin layers by the 15 nethod resent ‘invention and patterned by

known phot ol i t hogr apH$ ]éﬂot“é’dhr‘tﬁfqmle@ SHms 89 qoaductivg andrrgegtive glemsptss of very

fine resol ypi Orl‘xow&éli’%ﬁ&lth‘aﬂttthaﬁ itk 85k hHAE Ak ARieRts of Blefidl rQlsBRSe @18 N9 My
be used to build he thi ckness of such circuitry traces. To reI ease the

met al nanopart |ﬂw|reﬁyé§ desivndh Mialif@Rtigucy platiawm this fifppviteep- depwtedapldyn gr oups
are rel eased fr, &(ﬁl:éjwﬁﬁfh%ﬁ)%sgﬁtQﬁUegtﬁo%q'e&EesquéER%¥?l%h ﬂﬁ}x 20 OPM\Cs

have different decorrposr tio erat ures emental metal does
not oxidatively reacthimfilnts Otﬁtcmer migkelr andlother sandhctars maypgased th firindes,

phosphor ous, tJ‘{?trg g Fag t(r: 4] gjg%g h L ‘ﬂdﬁ'l phere.
One way of pr o?glgern’rlteéi t ﬁeg byOle}létgrﬁ ar ﬁ?‘%& t @v IS’ %rsr k%s
reduci ng flﬁanmedmdcbégrcmrd:sent m\teotlormndrppdtmddrbylldnﬁwn p}att@rthogapdh%tpcpimque@t i ons
describing co %9 C a e |t| ccvtg) €. Qu... U S
patent no. 5,6 %rﬂflrcul E]g pm“e Se%tt/veglp rl)rfer c%?u ih g‘g)s'&ﬁ’@? 6?1,e§trfg),lattnhj 8‘5
t eachi ngs of eatbhtr@jéss\pmtmgmy ee umlmcr lpmrdaltpeht thiekadsniofisych cmfum'}emes The
solvent, e.g., tolu vi d t he ng hat. ces the
deconposi tion heat . ? egag?t ?aigaqop ‘S?t% t?‘?l?rﬁ’t @ggﬁélee} ¥ %Pﬁrff
reduci ng condrItﬂo@ntsl grﬁuﬁshﬁa ﬁeleafeﬂ frog0gold R@bpariailtesat aboaa2700Q. Meer be used,
such as admy xi h ert as such as rogen, or red ci ng gas,
such as hy gﬁ’ ]\)ﬁ@ Sﬁkf ef%a‘ran*B ity tglt‘?et‘i‘éﬂ"eﬁeg‘t tﬁ‘ﬁtg}_ﬂe ?r’]FfB ﬁ‘Fé"’Liheat i ng,
etc. may be errrab@yedoilamdelqeéaao&&h bther hXeANG, subhas 50)guh, ihandesf phokyudkousay
contain a m xture of OPMCs, sufp as.

etc., the decomposition is effected in a reducing atmosphere.

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,



gol d-contai ning and silver-containing OPMNCs. O a precursor of another
nmetal, 7 WO 03/088358 0 9 Nov 2005 such as platinum may be co-dissolved in

the sol utiqge 0575@8?#{ sors of platinumwhich may be co-di d§ Nﬁy i 2005l uti on

i nclude pl atinum ) acetylacetonate and platinum(ll) 2-e | hexanoat e.
Au/ Pt all oys deposited in acgordanc jth the present inventjon haye 5
particul ar uti F"giaégﬁggmﬁ’df‘%'l Pt 155@&%@%?8%8%? ré‘B{I?Oir%%fIHl%’mF‘Bs”YrLé‘i ve thin
films. Such akla9ps @BMissaN@En bs1eMnlinAetphat@Qin I sbeRlackbnmehght . The

i nvention provides such alloys with the co-deposited el enmental netals

y
intimately ni xBQURER FDAFYIheRandass m conposi tion. When a thin film of

nanoparticul ates i SAG@pAyk 86hosifedan acebidahde i, thSRER MBS hakéch as gol d,
will naturally sinter together the 10 nanoparticul ates. For other netals

heat is appfi eBatignlanigiliieypscatabytic pgentsiapd avslsgicely regisiayerthia films.ndchpr eci ous

netal alloys i Bysysay34ngdioght:09 B190qSATRYbyadeitht PELEXPEFLE ProvRies &XRi Di t
uni que catal ytic properties. Rather than heat-treat passivated
nanoparti cul at adoysyithithge t hecorispeited plamenial matalsinimatlyopixpdwsb vgEt al s from

their organi ¢ §heddnSomph&tiRASPhets Rl fkm JPARMRPATL 14 i@B@‘p%sﬁéan%heWBm ves be
used to provide the conductive material domains in dielectric materi al

layers of the prssdatsonamsils sich agendrdll ngturally sinter together thoi eties  of the
she | are ¢ eChidobalibilarbd) st Bhbiea® AER KA RNo HeRELBHRl it ioNl ¥ ensure

that the netal domalns of adjacent passiV I" nanoparticulates are

spati al |y sepafiesiredi, Othert predigs metal slioye in $iamilart weight satios elag else be expegted &ol at ed.
Accordingly, thg. : i.yat ed 20 nanoparti cul ates ensures that
conductive pat %&a@éﬁé@eﬁggﬁpgpﬁi?ﬁgﬁugh a dielectric material |ayer. Such
passi vat ed nanopar tRatkdr ghapeatareatymssnated mpnapagivelawe tb free the meiakl ectri c
material, such_a ctrically . ifnsulating nol r.dielectric

i nhor gani cs, anréanégagrgcﬁ%&f%rnﬁogryé%glfgf)z’% Frc Olfglg?l%?h%g’g ?J%’ggg%edpassi vat ed

nanoparti clf at esopati@datés can ttemisslvasde asddag emuie tied hducavé mateda doswinat ed
' ortan

metal particul at %enth metal..is chemcally active.. An ir t
conduct i ve rmat BrarelCaGEe s Of e eSS ivemiRR SRERlY: e B oy o
nanopar ti cul at efthashdll arrdeticallpinsulitinyg; ieadingly, e shek abvail eehstlenkusgie | | nkage
by oxygen nol ecuL s to qrgani c nmoieties. Because the. surface tal atons
of such " passi VEPLIHRSD AP B LML LR BoTE EH I A1 B SRRl
sterically hinggaRahat teaelldthchiiekolhte@CAéRAdindl}ehd W8 OF suchPhssiverdt ed at ons
of the parfjcul ates are prot esgtbed from f&\ryg her chem cal rea _tlon,,
particul ar ?Q/ OdAPQRAT B tesARRBT ﬁﬁP’gf{uC‘b‘é’i’sPé ayedp noﬁi‘ﬁﬁ‘p‘ﬁﬁ“ﬂ‘%ﬁ 81 Cas t he
conducting parihhteHdlddyes $uthgheiveel hifeopiratBattdthsy B mébl dipeseh a

dielectric material, such as an electrically insulating polymer and/or dielectric

inorganics, and used 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.



i nvention provide |long-termchemcal stability. 8 WO 03/088358 0 9 NOV 2005

During use of a capacitor containing conductive material, g.
domai ns na‘\(,of@yogg%& he domai ns are repeatedly subjected toﬁqum\’:?z&&

forces. There may be a tendency for the donmains to mgrate toward or away
fromthe capacitor BLgt es, _dependi ng upon the nobili _t%/ al l oned, by, the
di el ectric materi al Disegysg of opgpagiiey comsaBing sudRtve magriab £ 6n metaltd9m@Reni cal | y

solidify the cofgushi; iR doatagisaf refaldBlyREbjtdedith BlectHER fSELS IThe@Bidyibéa The
organic noiety of a passivated nanoparticul ate may be sel ected "as having
reactive cheni éafengpiferthedomaing to pligiate tvarboRsE ALD the capaeitoaplafesct ri ¢

material matri Yeper@nk Bpdn it TR Aloed by BY dRRcHE Ak Pmlhk NOML waplArd to
steric effects, it s generally desirable that such reactive noieties be

spaced fron®t herewent atigomiatogemidaly peiddy By cenduati tsonaterial dgmaips ftb? abl y t he
spacing is 8- 2Q;.fahRMhedt Offf or c%oi%ﬁ??ﬁ%g}fﬁe@ﬁalmg?%u@é?gm% PlRAeclt hough

iefe
this wll depenlg upon the partrcular Chemcal reaction contenplated to
bi nd t he nanopaghavingireactive chetrtical thpistieschat bd imeampoaents qfthe dielgeticc noi ety of

a passivated ngpoparhldl 8 6, th%‘&f&hé’é rﬂaﬁoe(‘r@a%ﬂjﬂf@lthou?Fe% 56 gtgﬁclzo all ows the

nanoparticul ate to be 1 ncorporated as an’ i ntegral par ol ymer

chai n. For exasfidcss, itiif genbmlly desrblathatguclipadtive awictics ¥ spaceddfrqpothgasta)| at e nmay
be forned i ng.the.. Lvat ed nanopartd t L. on ht i noners.
Torm nal 3 boggPPaaang oy B seber AROR el B ST s b s B i rinB o s

wi th i ncorpor ptefethbied-Al cadon atomb,attkough thed wil depe@rdmipnathe paiticalagrhemas]l may

link with polycarboxylic ids. form pol yvam des. Wt h tal particul ate
dormains. In th eggt?ﬁ P étﬁtgP @%%éo &hnégnerngﬁ(a’éﬁlﬁ?lgfgﬁ%ﬁ‘leéfex\‘%cé-‘sc "ﬁ?}’ je envi si oned
to incorporate netdlhe caganigrasietyotih pisivaed ngnapatimdite thap asrogiah thanitat es

wi thin a polynmer chaj Li kew se, . t ssivated .am ne hayin ctive
cheni cal gr oupgrol‘%mf’hgloéﬁ’tsél?ﬂﬂa&Opaﬁbﬁ“E’nggﬁgllc?rp?fﬁgf’dB%atb'é‘ée a\[(Barg?gass-l i nk
thernoset t 159 paghéchaid, For exafipeif GHeQerfinad frolp & anRaSHE, \edloBdcrylate may
nanoparti cul at es be used to cross-1link epoxy _resciﬂa,s t hrough the 25

m
passi vat ed nan%@??‘%/dc‘tf%t & Pasgiydfer RPPATRUI AP ETH ACRHIC SRONGHES vat ed

nanopar ti cul at egmidl GarBoXyBit YETB roupPrhiy Kok With 19tb eRSpdesRaGagsary to hol d
the particulates in gl ace. Polgilmar/ passi vat ed nanoparticul ate |inkages nmay

be via secondal§orByatid meil prrtigyate yrmpiny chPrpwAkAming erouns e linkafs
| nteractions. JiaRRRFaRIR% RARGBRERIGEHNAR fiehf PRSI Rty thin a

pol ymer matrix, there the polyner can be either a thernoset or
t her nopl as?q c §seard.rrevide range pEehepdsiies pasly paengsioned do Wegppematedretddr oss | i nki ng

PLgxr/fm a agg! e Ao SIAA dipadsRaleli RARpRAIINE FRAERRPYyHELhaRAT i cul ates. In
i
P 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.



pol ymers, the softening tenperature plays a role in enbedding
nanoparticul ates. 9 WO 03/088358 0 9 NOV 2005 The diele tgiﬁ f(?r Bunabl e
capaci t ors 9yl ckshdicl ude one or nore of the follow ng: “oXi \f }93 yners,
nonconducti ve non-oxi de ceramcs, air, pores or voids. The conductive
particul ate materials can range fromvarious netals to conductive oxides
to semi conduct ors. T‘Fﬁ@‘%ﬁ"’ﬁ@irﬁﬁ’a{’lﬁﬁ?p"%‘%@“l%ﬁﬁﬁ%?qe@émoﬁea?féﬁ als 5
predom nat el y fafyRingQRRded/olMers) horBRdcEveEloRIxideReramid] digBbes bMatdscan
respond to a voltage potential applied across the capacitor arrangenent.
To further enhBHcEngUsHEDPariiquate MANRYS gandangeiffom yagiapsmetals (eondinide| e, For

exanpl e, ferrogli®gd demiin@h@Gh I The B LB @labthe®“Bondude’ HAteRhONt I UM
titanate (BST) may be used as the dielectric for a dielectric/conductive

particul at & corrplssrinaely havename gmeunt of mabideelspironypvaidpblethatsan resppng 9| yner

enul si on, scregikagd foMnBal HpliedSRIAY BE cARtibramspehase to formthe dielectric
wth electrodes on either side. Simlarly, there could be a suspension of

conduct or and di el detfiqter gphapsq nabiliy,thg dejeesric dself payedunabl§d Fehen treat ed

to forma desi&gflplel RAbelBRECHbR it RARKEIE, & Vb NiroRGah iR (BFBISSS
Conmbusti on cher)r(i cfa)tle vap%r deplosi ti orall ( CCV ’ycoul d l())e useld ?o(co- zlzdg]osit t he

15 material s o uedasribe dielssroe fare diglecirs/candustivenartirylatespmpesiten a capaci t or

structure.jgrhe el %Bsmla@éa%ag &%isp%édtih%egmwelﬁlh;i{)ﬁrs@reenW&i-orThe DC
bias could be applied at the same electrode as the higher frequency or RF
si gnal or theyspeyed entpe syrface o form Hredlielegiricarith adestrodrs pagihargidenSimklarlgesi r ed

effects. The f
enhanced as pedr’l&gg(?g%?é "c%lég%%%’? ?gﬁoni?{r?g%%g gggegﬁlt% "ﬁ‘gﬁaﬁggﬁ%"@d UgSe01/ 26491

filed 23 Augusind 260 Ireattthto fouh h desiing fing matdriakthroygh diying opheating proaeseesi al s t hat
cecor dance vt 100 TGt chER iAo Sh b REd @ TR Sl b L R ot “bo
deened as 15i nmimdteripls SemduetanpsitObrels gli¢rniting lay2s $1 & capafitor sttucturdgTheCu+ot her
metal s LSCO Ti e?e%trgd%l_ cg-lhﬁ‘lbg g(l\égu(gned in different ways. The DC bias could be applied at the

same electrode as the higher frequency or RF signal or they could be in alternate

directions depending on the desired effects. The freedom of electrodes and electrode

placement can be enhanced as per Patent Cooperation Treaty Patent Application

20 PCT/US01/26491 filed 23 August 2001.
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 SrRuO;
30 Epoxy RuO,
Polyimide YBCO
AlLO; Indium tin oxide
TayOs doped ZnO
Oxides LaNiO;
35  Polymers Si
AIN conductive polymers
SiC
AION,

other non-oxide ceramics

10



SrRuG3 EpoxyRu02 Pol yi m de YBCO A1203I ndiumtin oxi de Ta205doped ZnO
350xi des LaNi O3 Pol ynersSi ALN Si C conductive polynmers Al OXNY ot her

non- oxi de cghoessd0 WO 03/ 088358 0 9 NOV 2005 A variety Rhte
conducti ve conpounas, i ncl udi ng ot her conductive oxides ot{ﬁgrnﬂ?hgrgntshose

listed may be ysed, a a.variety of sem - conductive .nmaterials in
addition to si %V@Bﬁty %8%%%01“9%%?’9Cod%/poﬁﬁqsell’lﬁg‘lhgg 8%% Ct?élgl%fttw PEEEEHT o t wo

mat eri al  propeahitese liatbmgebaaed,iaemayr badekt of semdcandudise naferiakan ge

carriers. The n er, of. 5 charge. carriers.is the nunber of e|]ectrons or

ol 65t hat 't e it P aticdh cTHEG i P B EETHS Fn g SR EE P AVOBB Ehe rmt or i al
TheI rmgi i ty,h b&ﬁerh&s, VHArg@éahyer@i‘obtliﬂpaxﬂhﬁg@a of chdrgd (&h‘fﬁer@el’hleeiuﬁﬁ)éﬂ’dfc fiel dh
applied to e charge.carrier. For. RF an 1.Cr ve signals, owever, the
mobi lity ofgth‘é‘la&% Bber%'éﬂﬁi“é‘@efh%f§l§8“‘§}s85%?s Bt e matersal prodidss B8y 1 | cal
properties at tdigess dhafduabedhahe maddtal DELE MObilifYeis den@dweity uf thy chardee | ower t he
| oss. Thus 10 for, the (fondufceﬁ(jnve ,gcgrtic | ates .in_the_copposite, higher
mobi | i ties ar eSIBET PeFleckinigldnppliechiphrqhaiee eirarTe For RE 2p¢ pirewave igpds: desi r ed
that the condugdwdved) &tandBality bF the @Bar calritddhal @4reaeiBHect 6n B cRE@ddler ,

preferably 106 cn2/V' s or greater._ The manner of capacitor tuning is
i nport ant  and PEREHiERAt s Brausrracs Bhedetterdag qoaductivity, the lawenthe logs. gfhup ogg |

preferabl y1d0 fRlteToRducti®SSarticRiesRhE cOhFdsRE, Ah¥r BobiRfidstre dBirdd Fol @€S. A
manner of achieving |ow voltage tuning is described in a PCT application

no. PCT/ US01l 2euappsitgdiplesteiaeffesh itip desigbhptitbocradyesor haye mebiltiepntitiag 10he DC or
| ow frequency Ag2/Pk @%,@gels, b&?@éblﬁﬁﬁ'che/@'sto? g;eggr.capaci tor, the nmobility has
lTttle effect, 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. W002/16973 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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because these | ow frequency signals do not require a quick response to the
forces exerted by their electric field (the field is the voltage lied

di vi ded by theostisgisance 20 between the capacitor plates), Ua& NOV s Zﬂm% dis
changing at a slowrate (or no change for DC signals). Wile a significant

nunber of charge ca rese material, if the nmobility of
r]g’ ?%‘fé‘ﬁ?fg%@ haxs po“f ’Hgb‘&—“’ when i

t hose charge carrie Ssi gnal applied to the
capaci t or pl at edatedsleat es an el ectE1¢ouoﬁ/inlechthEt§'(aﬂ’a\nggs too quickly to
affect the chargyi®carriers. Thus tl8@ conductive bias el ectrodes can enhance
the DC 25 fiel dEithat changes the d@0électric constant of the overall tunable
dielectric condoedMd®@ material, wodod2remai ning transparent to the RF
field. This is particularl y i nportant in consideri ng i nt ernodul ati on

distortion (I whi.ch nti onal mat er n the
DR O e T AR s RN L e et S R S Sl
undesi r abl y) twyeohéwu@laebﬁ%ed guidesuel ass8emidohdiches ¢ BadigPaaar™f bditich, are t o

slow to react 3 o .the RF f d, e not significantly af f ect ed by
the RF field i lﬁnﬁéifl‘tﬁ?)ep“b}ci%eé&@eﬁd by the DC or |ow frequency AC

bi asing fi elod. For [THE Pefee@ic @bnstdd€ofl thé@ftldc8i2.laylef mBFPYe diffaR@dY sfith@geous
non- RF-i nteracti Eg bi as el ectrodes be made of materials that have

el ectron/ hol e fidedicandughivepagistlates areciangsjed. 1a fighre3eeapacifor 39 inclidesa of

about 10" cm / \first®leRtrode€RS a sebdnd MR H34O8BHAG TR Bicf 38 IDIMENG: 3% Rbhplisedhave
| ow nobilities: Materl al _El ectron/ Hol e Nbbi | ity (cnm2N - s) . zZnO 180 EuO

20-30 5 LaMvho®fepbetisy of dongesed particy @%&@r@?&t’@ﬁl‘%f‘ g maerial 3 Wohs 1 ti es

but average or g%f&&dqﬂmug& bkt h1fSs HdRe Qegnfs@ume diR¥rdHdTSM dibdagk feld ef erence
gui de such as conductors - Basic Data, 2nd edition, Ofried Madel ung

(editor), pgabl ibehisan hesletadys $handiideplthoneh e shown thanartisplatssd8arcel ectri c

layer may be enbabeR rntiohriefed 5t 8 Fet? QHEAAN6R tRALIISH lt@tt}fssahgﬁlﬁent
elongated. In figure 3, capacitor 30 includes a first electrode 32, a

second el ect r od&e partigHetesiteare arrgriged wung oy of e methodgdeserébed briom s‘éd"lﬂbf a
plurality of e'@gg&&grﬂ%ftﬂ@wﬁk@ﬁ lﬁﬁ36%5%8%&&ansﬁ@aﬂgh&yémﬁ&dd% 37. In

the preferred no the particulates 38 afe aligned in the direction of
the el ectric filephds el@ddemm@élnwmfmheleadmgs@ﬁﬂﬁzalamlatwfi encrfhémgh as shown,

the parti cuhat g5 ifidtan sRUBRIIA L ARHOTI LG, 'gggtwﬂamgll hefeadiflter 2!

orientation that 1s c ose nrren es 38 are
arranged usi ng camdnctdn mh@lntetah(hd@tldesﬂns Gede lue;bcmumt lﬂe;:awetlhs 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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the capacitor 20 of figure 2, capacitor 30 may al so include insulating
| ayers 31 and 33. In this enbodi nent, however, high | oadings of the
par ti cul at @& SfhssiseCr ease 20 conductivity in the el ectrodel % o805
direction, greater than the increase of conduction in the Iat eral

di rection. Thi be .inp rt preferred e t he

i nsul ating | afi?@eg‘iapéﬁﬂ”?, {nﬁ‘ieﬂa a‘éo ’§¥ ‘B‘ril elegtyc B‘?”(?Wbeé‘g%flcﬁ‘?é%r
capaci tance. \Wg@nhé ﬂflﬁaﬂlldy@ymfe%a@bﬁ)rt Eldﬂgatéd‘;&nﬁhaﬂmmlgﬁt for exaliplegbélef ect s
(shorts) incregases. 'I\é\rrth two .j nsul at]:%lgléell ers, the .chapce of a pin-hole

in each | ayer HiTYHTdrovehant ¢ Areleeime go r {hgEmoplastic of thermosst L ext r enel y
smal | . Thus, gwvidebkagRcidndyRnsf thd upasitgh Ltikevigd, Blohgteisparticalatel hoghti n t he
nore resistjve | at aI irection, thereb Y: reduci ng | eakage and | oss.

El ongat ed con %Qﬂ“&‘l‘%"@ﬁ‘i}c‘ﬂé produced, for exanple, according

to the nethods taqﬂé\énuaacéd dfelecht @RstardNand tﬁnémay&%anrcmerw edahicagshef which
are 30 i ncorporat ed, herein reference E rably el ongat ed particul ates,
as used her ei rFlongpsd Bamf)‘ﬂat‘é’vé}raé@%’e omingly @ grué REEIRAF LR Plath-ReABIHRT whi ch

is at |east abpué diteti6Lasis shadmaaTFigafe ﬁnyls@u rseaﬂﬁb@rao@mahmemam&o such
| ongest dimension. \Wen an electric field is plied to a dielectric

material cont JRAICHIGtes Welh ever Baaianedinghs plate (- alet@sduertwnt 3 Bndgm t he el ongat ed

particul atgs fauiritiios thetri® drRROIS e 18RRI QN ildnsiin ARREAgAI | east 35
partially in the capacitor plate-to-capacitor plate d|rect|on a dipole is

i nduced by t heatisu espesetaaéatedlgecmebenﬂsw@rrawe& theayesiors hoFizonta) to uch
material, not ynlited ssﬁﬂlﬁnﬂia@dlﬁ%lﬁt&ﬁ vﬁl@BcsI @-ni’re?éPWQI%neQﬂdﬁon &lgo the

t unabi I|ty of the capacit El ongated particul ates mght, for exanple, be

di stributed tmResigahissin the aliaerte@!arq diregiényill be eghaperdrrelative temdemt i ¢ or
thernoset to dﬁm\ﬁklgﬁs&ﬂ%ﬂﬂﬁlr ﬁ)tcff'tl?e \Je@t)ﬁ% of 8f 1&&%&&&%&&% of ko

el ongated particul ates m ght be distributed throughout an inor anl c
matri x. THé emhdicelews i the eleqtrqdetccdn@roéﬁdlr@h@n relatizpiol the sunpefdheyeactareul ar | y

enhanced if thg.r& %gﬂ%@hﬁ% Hl%reiekﬁ‘&ﬂe% %f%ct‘?’&le%frgctgﬁle&l%%&?@g 1¥asE£Hog{‘ed ' ” the

capaci t or plateto citor l'ate direction as 1s own 1 n Figure 3
is to be undersit®®d t hat not aII of the particulates wll ever be allgned

in the plate-to-pl g}@ﬁ*&g}lgﬂ% ?%lé%l%grﬁgl@?‘ggﬁe;& ﬂ'aschﬁdcﬁb'}dlﬁg'tt he ratio of

t he vectors of the ongat partrcuﬂ ate in a
pl at e-t o- pl at eapilicrtmpﬂat@durqcebratsit&/elbieot thhdieksctne ofatenhlao‘aeycwcstrQHMcqhz@ht al to

t he pl at €S ( a?«g{arpgglgedpﬂr {ogél % t1V\’11 *n elt?o%g%te&' B?IP %uqit% tﬁilal CVEQ be

orlentatlono artic |reC|on will
enhanced r el atpanviellyt dlgrnadrdnhe dickicgon othhrt elmmcsﬁntd] thehdipolé wél m@tat@towrardshe

RRERRG YT e A R
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 asufficiently 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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| ateral (orthogonal to the el ectrode-to-electrode direction) direction is
at least about 1.1:0.9. A nethod of aligning elongated particulates 38 in

a capaci t orwe @logssk9- capacitor plate direction is to subj[]egt Qge 200?
dielectric material to a very strong electrical 20 field appli he

pl ate-to-plate diregiion at ed rticyl ate even
partially aligned i ﬁf ﬁaéedo‘iopg‘(':cflp%ﬁ Fngpar at%slaé‘af’?‘?‘fisl?t?se? “[aﬁ‘Bgdi pole will

m grate towar dedickehsic)andieriadinay becgpsinteied tdgather taifdrn diéledtgeﬁxaﬁﬂﬂas)ietsﬁnt hose of
the electric field, and. the. resul b%?ﬁlgeg&t raction will tend to, cause such

particul ates t 8°PHAPHRYItLibE Jryentign. e pQgyducting nangpartigwlatesiandy - i ¢yl at es
to align, theyimuktindRateAipifidilaeDire k@,ara&ily foaaed, th%51d’ngit6d h4ndpartidulated t hi n

the dielectric ial. Becau e. t.he enel ize of

nanoparti cuPat é‘g’%‘f’ éS’/S‘HW ‘Bé‘o‘aﬁﬁ’l &5 tﬁ’éﬁé\ﬁj H}géer’gg ﬁ‘ﬁ%FVﬁéﬁ'@y M¥et her
thernoset or béeligied asdtdcibedAbowns by sblechd t}imatedaleb @@tfrddgc‘efiectxwm&ler

t her noset or tg)ertgogll astic, rraé l?ave aL {;F@“Jh i terst ces (il

nanoparti cul at &% opgajedngnqpgrticulates might behelg,in; %ggtroqgfe T
nanoparti cul at ggldamﬂng:Mmdmﬂiﬂwcbmb&@%&nhnt er stl ces and subject to 30
a sufficiently stron electric field, they are likely to align thensel ves

within such intersH nopqrticplateg pred@q laggs rﬂ?t“’teﬁ‘ép%lﬂﬁ?‘i‘%tﬂrsgfersé’ﬁ@ el ectric

field, andpedg @lyﬁ@ﬁtﬂﬁﬁbv&@mséll@%mﬁﬂhéﬁ{lyﬂermﬂﬁdollgm difa9®ki On. The
same may be true for elongated particul ates contained within a por ous

ceranic nateri Bfcessgy tV\@‘@’B‘PBB‘BB@éat@ whilgdhe pedyeer £ 3 fgstradially Hawingi dg
nanoparti cul at g3nRdHlasRaps1iaeH rﬁéﬁﬁe Hehtedl RSURMiddYHior (&Hp?il@h@lbﬁ bEheSRSRY | 2l may

be co-sintered together to formdielectric material layers in accordance
with the invenelegre figld dhataligns the nagisulates.ion dhealiensprat FIPIEB‘F danssvhil§quelmsul at i ng

mRterial, partl Gilakas Ok SERARANR WnldNillidind DEicRLADGRLSleiaROPar L f ol at es

5 are IlkeI%/ to Situate In voids Iin the sintered dielectric materi al in
whi ch casel} hethermgpet nodynagr, elpstigal dignens of pasbenlagsoney betpgriemidevhiletae t he

material to a ?&fngfeﬂ g}&%rdupedf&rg‘lﬂqauy& d&die el ongated nanoparticul ates
19

m ght be held nment by a Strong electric field during formation of
the conposite naterllnéﬂgurel% a filthenemimdanant élvfthespagiter ofobe pgsegéinventioni ve to

pol ymer i nter skig ap%cnolQo RRhYEES dechtﬁJ: lngzlé él*l%%%lné%sﬁ&"eﬁéap&éﬂe pol ymer
when in solid orm i necessary al articulates while

t he pol yner i samgia sleamsltelqsaodelﬁldnyoﬁﬁam qhglectv&c 42. r&mmnltbcs@lﬁmopcﬂ%md may be

heated to f(?ft (951'@? e's%?conﬁ %}Q/ tln ?Eé ﬁ’ln 1ntemctk\%1tl§%5 R%qiwh l %?Jr as fl el d that
aligns the particula the P Nnren one PG a pol yrer
is at |east pacf’fecaird gapﬁdltancd \Empulsteralylbb elaamcaily isldwed)br mey bectnneontt ent. I n a

\:}\Aﬁi lt 26: gset p&loy sm%wh) gllerna 1vel}(f: % a ]S% (9(’] equenC}p g&} llngslilngaélr%ﬁlt IFaryreabsgnsper formed

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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polymer is in an un-cured or partially cured state. In figure 4, a further
enbodi nent 40 of the capacitor of the present invention dﬁshown

Capaci tor 4&90%%%?45%95 a dielectric material 42, having a Ui 0Ve|2¢ﬂ&5r ode
44, and a second el ectrode 46 on top of the dielectric 42. Between the

el ectrodes 44 and .20 .46 are a se of .c nductl ve str 48 that interact
W th the  RE {1 SIOAG e REeRuR R CaRieRe B PRSRE U R P CHCIYE rmy - be

electrically igptaimds sﬂfwrﬂiﬁ)ﬁé%@e szmlmmdtas(aﬂahlfﬁm»ﬂebec@btt&mﬂiah&el y to a
DC (or low fre uenc AC) . bi asi Ci rcw'%( for reaf?ons gscg bed qli;el ow. Wen

a DC potenti al ny%fdhet‘ﬂ’ef é"%‘i“é‘&t’”r’ daethigker glegtrodes 7 the +

and - synbol s, s@e&@hg/tﬂékﬂgﬁldeiedt:’ﬁd’dd@ﬁdjthlelﬂuﬁﬂﬁteﬁﬁlﬁ 4P KkBrdenldsGgsingthown 25
by the + and - tyrrbol s). The sy FE‘H an!?o represent the jnstantaneous
ae !

bi asing vol t agaenalihat yweylddhe upsd Lysrs pinbgtween Biorld berlesiredd connect ed

to a biasing Chdvedihigh mdﬂlm@mleiebyﬁlleyeansaerfbmd%a PRI, Heufs0Mi Hediveg a thin
single | ayer between, but separate om electrodes 44 and 46, to increase

t he di pol es st‘l"ré‘ﬁ\?SﬁS‘“'Flli’éeﬁﬁﬁtFPaBG?ﬂB‘éﬁétCSFOdﬁﬁéposéGrhﬁﬂYﬁeP\?@t§'P|B1Fps 48 is to

si npl y enhanceg|bdi@dél a%'p@xcthé F{"guf‘eoﬁl@ﬁm@dlﬁméﬁt The plaies ﬁﬁ?@l@%& ﬂnm&pasmat erial
42. The dielectric nmaterial itself can be a tunable dielectric in this

nodel , wher ei nmulfifayesosiprgugseotipip Mpdtindelayareefphigh mebidiey mpferialpthabivill t y of

the materig. ihfRt walmgre'@and%u&la Wlob@rme@a&&ae%a&&m i &ﬁnpseed (BST) or
other ferroelectric material could be the dielectric materi al

di el ectric maystandargd @?lm@r@&tﬂér‘?ﬁalﬂlﬂéblea*ateayleﬁuédaerFémlSEPHU‘B}/U@E?W\D
03/088358 0 9 f@{ogﬂgésﬁﬁl@&ﬁa Ehelﬁélﬁaamx%qﬁé mﬂm&{{afofﬁﬁs SRS coili€® bi asing

el ectrodes 48 of capacli t or - ormas shown 1n Figure 5 could al so
act as an art|¢V|e@tb@mselmlb@éh@rbl@smgrﬁéactredﬂqahvctéscasc Mt it isrdebirdite havsf t he

overal | str UCtéﬁmﬁlg\é%P@gﬁlﬁg Jie&lugé‘@f thﬁ!lgsqx% éi’éiﬁéde‘é“raga]@ﬂﬂxﬁrﬁus% 1 Erlb%fhty si de

being the RF fie es an n mateti t ween
desi gnat i ntp t hreatsriakeanerwoald prifar towsed kigh mobiliemateriale The kdr}’lwpllllﬁlgﬁetpéme in

bet ween woul d tB nﬁg@gr OF& l?oleﬂ% g% Ml‘sgs ﬂ%q?}lel- Hioknid6¢ &Q&oﬁé&ﬁ%{ st

formed as apla or strips, escr creatirng a srmlar efect t han
as el ongat ed rw@sxhdlvdposmdylbgmmmmﬂumngmwBFavaelbbicfomhiesmam pestof he Figure

3 enbodi nent . T se plates al.so _be f d a L. - erekructures
to obtain nul tlg e§3?3}e§sw thlsnla)ﬁoﬁrem? twelﬁlltgnBb a%éf‘fq ?efiﬁ i nt eract
well with the HEonﬂﬂlésmuﬂz&)ldmmthbleMBeREﬁslﬂr attmmtgevxthahelm could be a

st andard eI e tri coul d be nab terial. such iumstrontium
titanate. dﬂ ?0888‘15&98?5 W‘WS“’(??SB?C? oﬂn B’%ﬁ‘ﬁ‘r‘ﬂﬁ‘?‘f ¥H‘é’a@ﬁﬁ‘§’5{"l‘tﬁ y of this
structure and xﬁ:ﬁeﬂlaﬂ 42 Buesdlsd hehmﬁewe&olﬁ&xbhhefe\beraﬁiowg t@in&eict 0B RF fleld t he case

te ngt :, E) d ;: d ? }IP Iﬂ% 1%sﬁ§ﬂ1%{?§gde rllpjg\%gpﬁgttﬁf etrn ?l}g\}elntllchy is t1}1(;{;():oartl2|1rsxte to %Il em%gdutﬂel?tg 'ng

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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15 material, one would prefer to use a high nobility material. The key
would be to limt the nunber of avail able charge carriepgs,So the Iayer
t hi ckness IWOC(BP’ §3f%| ed in such a way that when applyi ng Bini ng
vol tage available tor this circuit, nost of the charge carrlers vvithin

avai | abl o or R SR T SPHE MR AP R ALY DG 109 PROCRBED

el ectrodes in thirgrsway, they not only performthe tuning of any tunabl e
substrate mteri al tg but _al.so. in thenmselves contribute é]iwer di poles to
interact with RE fi OtHe cae of yainghese a5 Wajipgqlectrodss, th ?rﬁ.“goufgsﬁf temgiing he

invention is i ppafitedtd negatidb kol eEbabITRNY 18yers WiEpdibitiasle bleb@dde ! |
maxi m ze the RF capacitance change when nore of the _conductjve charge

carriers can b&cBgResefiys pnddhegyeht ﬁl@ctﬁ%‘a“ﬁﬁﬁw BNt ve ot RRR plicERating nogatiyg a5

potential avai lhadpssitivEpetentidlgerdseindlstradtig(hs Hows)at GRICH thitdot KIconduct i ve
mat eri al used) avail abl e shoul d_be Oftl mzed to electric field avail able

for control of elepdegpreatthe yame R dveh dhwkich sasethers g bepoadd arpberdbt to be

limted is prespehgdictRoRRXPFal dxatpR, ek &l be tiree BiAthglcBbr6ar e | €rS are
present, the capaclitance is not _maxi m zed and 30 internodul ation

di stortions ef PEBg 8iapsdnesitively.evithehe tyo QsRewiP bejeg regatis dorbissinePGf  t oo

many charggo CaEEldQ:Uo’ixlcﬁﬂl@n Bi&ERVREweet h@& SR 48 @ith WO RFIRE ee&énh g'%l:ﬁéveeri reeze"
a portion of the total available charge carriers. Then fective

capaci t ance ch&&gtectipdas 4pand 49. rihisayoyddalse baye thprpdvaniage Pé@llod‘é% fleatings t he

potential for {fgpl AshdRE BRbiH) refafwétlaet‘he 5% $laifly Lifcuff NI M ze the
avai lability of 3§%to 300% of the ch arger carrrers, preferably 15 WO

03/ 088358 o 9 Nov 2Benugdss efstrseoplates # @tbmngbet\s%@prtheelp@ angyAghtnor e
preferably 91"/%1%8:051%9% dis*&ﬁuﬁ*&@b&%d ﬂ-‘o%{ EdeSiate tol Aulfif] 93&?§%Qﬁe 434 &g, these

as bi asi ng el ectrodes ere woul be alternati ng positlive and negat| ve

vol tage acddsssingle plaégft&@waen hheddt srdotight elhesrodes 44 @Idéé,tth@dlleohlle@ﬂbel ng
negative and the fiyghie 1§ Cﬁ‘ﬁ%fr tﬂﬂ?ggéﬁ(cup&'e Hﬁleﬁ%ﬁ bldwé&, tﬁ@ﬁFte{l @ocﬁkf \%1? ﬁ:te'l tng

negative and positive p I 0SS e structure
coul d be that boatiliRFvoudd ediasalchmgheaseparation Hetvesn eechPded efithd thin layasandh case

ther e woul d_Deyak 0B sl B SMAGERRGLIISR Bl SXATRLBorc! or e ray

be three blasmg el ectrod ern I a5 e OSI vely, *with the
two outer strigmsa bﬁwaglmegﬁtelemeodca' hia additien roghmelmni lagéxdnv\xhalsuhpt h&n extend

e L055e, b0 bk doh O skl L P Rt Ry o o0
vol t ages in t hehiRE atsortmmfd»rreyectredleaun\md 4® the DC biasing circuit. The nunber
of strips or plat e e elelctr}oé ?or%eevaéd%&st em r(]1men?s of %ust mven%on ngytbe 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 44 and 46 could be varied fromone plate to nultiple strips. In
the case of a 15 single plate 48 between the left and ri ht el ect raodes 44
and 46, thewd 3ek&ssength would be the Iength of that Ia)lg

direction between the RF electrodes) , and the tunability would be based
on the separation b en each, ed f the thin | ayer and the el ectrode
(DC field | ength) wﬁ*‘? E’Vf?{@n#“fl?‘gsﬁg?/ﬁﬁﬁtfe i e zf\}lebry“(ﬁé’f\ﬁﬂlﬁﬂ’é’ ar ea

bet ween the RFeeimgierodes. In addition to the dielectric |ayer 42, the
strips 48 20 may be covered either part'aIIY or conpletely by dielectric
material on top thereof. This is also #—’ié@@—efor el ectrodes 44 and 46. The
el ectrodes for t he )A&ﬁél@dlﬁc ﬂﬁﬂ&ﬁdilalim?n$l4®ﬁ11&r&is8mbﬂkl@ﬁﬁﬁsﬁig 33ayolEPI aind?ny |
arrangenent tion. Paralle ate capacitors omm or ned,
as are int ér di 8.“&0 & ‘°aW§ﬂeFl9§‘|tﬁqdnﬂfo %pated S‘ltﬂoats‘ébsg%ttﬁag\raf‘mparf‘ﬁ’é % asi ng
el eﬁj r ode; i |}‘ atid Siflca Wére _@@ﬂ%o@itéd}ﬁd@bﬂpdrafé%oﬁaﬁsﬁgh elheéﬁlghl ViRr eé@eﬁlb@?es ghi S
woul d enabl e | arge capacitance  changes w th reduced hias_ potentials an

| ow i nt er nodul Z@gXng?@F%F‘fqh&me BBngﬁ’Pf‘E‘E‘E being tﬁ“%‘él’“t‘lj%u}faé?n N reci se

thi ckness of tEabbel.Misedohaklecsae Red Mid¥RA sibRE WRSHrmaPsthé bipdsddi as | ayer
and the el ectrodes. Currentl such_thin tunable djelectrics are not used

due to | ND and SWrasaRE gl esgrwrlwr nEPefaPACIRICE IRIEd wREY VoS Meypdat vaten

ef fects 30 jar e bNBE ¢OdRes. Métufid e B BROWE | Nterl ayers enable the desired | ow
bi asing potentials. 16 WO 03/088358 0 9 NOV 2005 The invention w |l now be
described in gBRstgVoagsi| by wafaREitasecific exanple. Exanple A
dielectric matgrial layer, 0.345 mygcqgons thick conprising 33 nol % Pt and 5
66 nmol % silicajgpas deposited on arfyzcoated silicon substrate. Platinum
particul ates agd silica were co-deppsited from separate conbustion

chem cal vapor 3geposition (CCVD)2id@nes, such CCVD fl ame deposition being
taught in U S 4fpatent No. 5,652,092l A second el ectrode |ayer nade of
silver was forned on the exposed surface of the dielectric |ayer. The
capaci tance in picofarads was neasured at various Results are as foll ows:
Bi asi ng Vol t ageCapaci tance 0241.4 10240.2 20237.3 30230.6

Those publications referred to in this application are all hereby incorporated

20 by reference in their entirety.
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40224.6 Those publications referred to in this application are all hereby
incorporated 20 by reference in their entirety. 17 WO 03/088358 0 9 NOV
2005 What iwoGhassiBd is: 1. A capacitor conprising: at |east one first

el ectrode; at |east one second el ectrode; and a corrposi&& NV é@ﬂﬁi‘c, sai d
conposite diel S@E S ITEI.’I sing particul ates of conductive material in a
matri x of diel aHscc fiEfetS al ; wherein said conposite dielectric is
electrically aaqti veA&‘cuﬁdaltéx’rb@tnphhﬁg «dielectric constant is adjustable by
applying a DC or |ow frequency AC biasing voltage between the el ectrodes.
2. The capacitor of 2Ll %?St\mé?‘gfn said particulates are elongated with a
length that is at i@astorewecohll BRSrd@Ec@atier than any of the particul ates'

ot her di nensions. 3. The capacitor qof claim,2, wherein.said.e|ongated
par't] cul ates are b EUBIPTGAERHeHE SRR Lh R A CoTE BB PT es i n ¢ he

el ectrode-t o- eb&mhétﬁié&naté}[a[ﬁfdmﬁﬂxoﬁdlell'&tﬂc magdgj tor of claim3, wherein the
rati o of the vectors gelengt ted patlcul tes in the

the el onga
el ectrode-to- el ect r?ftf'éelﬂls‘i“ PRSIt Q‘F%PW@ eﬂeﬁtrtcﬁlg' %“HH??H‘C thatits &é‘@?tﬂf’s

| ateral direct codtansis aljudtfASby apPtg albd oPlo®: fr&uenth A CHRARG {dHagObetwbedl M 1,
further conprising a thin filmof insulating material between each

el ectrode and f‘ﬁé’geé B9958site dielectric. 6. The capacitor of claim 1,

wherein said cgnducrﬁevc%pm&e@ﬂc@dmha@haelﬁQafdgﬁn{ealafeh 8re elo'?@:hbd it a idagth 1S
about 10" cmi Ns or nore. 7. The capacitor of claim1l, wherein said

conduct i ve mat &if igpt lsgsstvep feﬁ@sr@@twramaeyof thopartiquiajest paer dimensinst 106 cm Ns

or nore. 8. The cappgl hpdcidf of%la%'i‘ &her&’ﬁ?@aﬁ@leanéa@édq)aRfEGﬂtéQE}eVe material is a
metal . 9. The capacitor of Claim| wherein between 30% and 300% of the

charge carri epsdespinataly drrarged udh thatdhein lensthy lies ixthn clsetrogefte-cleetiodsy t he

maxi mum bi as yeltigge. 10. The capacitor of Claiml wherein between 66% and
150 of the charge carriers of said conposite dielectric can be affected by
t he maxi mum bi 4s volhesgeacitariof cipire 3cwhesein theratisf of Cheaiientors ofitherlength dfctheveen 91%

and 110% of t haoﬁ;éﬁ?erd%grticulates 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 electrode 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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carriers of said conposite dielectric can be affected by the maxi num bi as
vol tage. 18 WD 03/088358 0 9 NOV 2005 12. A nethod of producin
ﬁlﬂﬂﬁon of

nanopart i C;lé,lg\[;gﬁ)%%fs el enental netal conprising provi di&@aﬁgVo

or gani c- pa fet al nanoparticul ates in a solvent, heati ng said
solution to a tenperature sufficient to deconpose said organic-passivated
netal nanopar t iléul ateBetherofipmduging nanoparticatesaf glsmentebmetal eomprising el enent al

metal . 13. The net hgdyiinsd bl 8f WS Rsi®AELNSA dihd RRiGRIRH S Sivent
or gani c- passi vated "gold nanoparticul ates. 14. The nethod of daim 12
wherein said sol uti @ﬁdl@emsasgglu@@g@rﬁ tempefatyfe\sutfistent toideomppose said

nanoparti cul at es. 1§rsgg§€-§?{e{§fa!39%e% nQoﬁAﬂRlﬂﬁ%%%&'ﬂ%i’éﬂg?&%age ﬁ%g&:ﬁgﬁ tes

conpri ses organic-pa copper nanoparticulate t hod of
d ai m 12 wherei n saptelenéntalimetel.conpri ses or gani c- passi vated nickel or

cobal t nanopar yhoul ¢ endd of il [ELARE Ois ialomedpheL bl Saklaag! Ut | on

conprises organic-passivated I um nanoparti cul ates. e net hod of
Cl ai m 12 wher ei n sagadd sariopertiorlatenpr i ses or gani c- passi vated pl ati num

nanoparticul atgeg. 1 I M rein.sai 0l Ut i

conprises a hygg'oca? %%Qﬁ%%fﬁ@%% Pé%lgr%ga I%regotl%g Cgélgla%g?%a%gp Siavrg{él'fin sai d
sol vent conpri ses asilvar mmapartcudadsvent. 21. The nethod of Claim 12 wherein
said solvent c rises i G-.passiyvat.ed . tal nan rticul ate f two or
nore netals, V\gglr)ebéﬁeatﬁ&é?‘f%‘ya%& I?Z‘?’ o r%"\}\gal%%?un%rc (e)mPrrg{%gPrsgarlug'pla Sos}v%tg . 22.
The net hod of C ai redppeasomiticulatesd sol uti on further conprises a dissol ved

precursor o 848 S ChAS S D% oA R 51
substrate a thin fihioketongobals hangpaticdlaesst one netal conprising formng
panopart oul g3, O riEh Al Y05 R, Oy S BT AR AN e Cepoaing o
met hod of cl ai Br/n 23 palladib@rnasepapicukaieng Sintering said deposited ' '
nanoparticul at ?g 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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25. Athin filmformed by the nethod of Caim23. 26. A dielectric materi al
conprising a polyneric material matrix and netal nanopartbcglgﬂi’(is
covalently R%"U%sé’i‘s& hin said polyneric matrix. 19 WO 03/ 0883 , 9208 2005
27. A capacitor conprising a pair of electrodes and, between said
el ectrodes, a ielectric materjal in accordance,wth d aim 26. 28.
met hod of formiklg affaPRtPRIoRRBIHRRASARG %le“HBSWBﬁ" bERYCED aid Hactades P

nanoparti cul ates coyd@lesi matRUMhcridtowiRCRIR6yMeri c matri x, conprising,
form ng passivated netal nanoparticul ates conprising netal nanoparticul ates

and organi ¢ noi%t i e$ BHMRd SfeTyingymatralsoupn g ARRb R RtTY atduaetals 5j d

organi ¢ i eties hayoparifuies dnRhtlyHBoarPFithif 364 pMPmbkd RaeRIVAGRRLE, of said
polymeric matrix, and reacting said conmponents of said polyneric nmatrix
and sai d passi vat edforﬁmwaﬂ%@%@gﬂqpamﬁwﬁ% ompgisipg el gpiopsticulatss et hod
according to C ai m 2 Mahienbietd GvAKTH PO S sfd nARbsHicNey, IBA bigaiBL I X
conprise polynerizeabl e conpounds and said functional groups of said
organi ¢ noi eties ar BoEgeRaAvingdrncsiana) |goung reprtiyawith corppapgats of eihpdymBditpounds.
30. The nethod accopfiROaddo O ai m 28 wherein said conponents of said
polymer matrix conprise polyner chains containing functional groups, and
said functional grtagespidsamgonsntyahsaid padyreericaratay end-saidmapsieatsdi t h sai d
functional groups %oﬁﬁ{igﬂggg%qﬁhgpﬁhg&ial_Mhereby sai d passivated
nanoparticul ates cross-link said polynmer chains. 31. A capacitor
conprising: aZ28i el Eeamethodreacendingto Claim 28 sherginseidicomponrpntsef said sai d
dielectric material o AN 8 i I i jcqmaterial
and spaced from sai %Ol |%§F&§Fg%§rg%£?g§ﬁ§&§§k f%rg%@gﬂ%ﬁsstg er ﬁ%ﬁc&# 1qatlhi nner
conducti ve mat eri al growps@f siid organid miiietieeare co-polymetizsabla withseidbet ween sai d

el ectrodes, said at | . thlgcoﬁ.ﬁﬁdug%g_)ei ng made of a material that
interacts with an lel’d tromeither of said el ectrodes, to cause an
increase in tBe caPzontthetacotlingtieClaapas vherein s8d coMheneptspdisdid polymér cl ai m
31 wherein: said at, |23}, p08 Rhile RfinGSRMMGEIRIRAORA BB, 6PHRI | SES One

strip of

A

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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conductive material. 33. The capacitor of claim 31 wherein: said at |east
one strip of conductive material conprises a plurality of _strips of
conduct i ve WghShdsdly 20 WO 03/088358 0 9 NOV 2005 34. Thell NG t200%f
claim 31l wherein: said plurality of strips of conductive material are

alternately atfached to positjve,and negative voltages of a biasing
circuit. 35. T‘g ca (?F?aﬁﬁoro"ffckfnéi}ﬂlw Y*Wherein: said at |east one strip of

conductive material heasd plutligrgerigast doadudivdinkietiyl ard dM@inaiely Atached td 0" cn2Ns
or nore. 36. The.capa(gi tor of  cl aigg.l Wherein: said at | east one strip of
conduct i ve mat BSIHYF apduesativaolteres o3 PRYUPEHEHIY ity that is about 106 cn®/ Vs
or nore. 37. The CcapRehpdeftordf clailndd MyBeréginnher ei n: said at | east one strip of

conductive material is, tal. .38.f The capacitor of claim 31 (\f/h\!t.]erei n:
said dielectric mater?33@stPRIBPS! c© ?“"?I‘?@t‘?ﬁ‘ég%iatcmlg%?arﬂ?ré‘i‘ Ly

wherei n: sai d @kt ib gt |0Re S Idrimodé. conductive material conprises several
| ayers. 40. The capacitor of c|laim gl wherein said electrodes forma
paral | el plat e36'ca§l§7€i°?12ﬁ°“‘2ff.fc}?%3b‘é{ HEMt or of C aim 31 wherein said

el ectrodes form a gapsaibdadakidak stripdf cordbctia RedrPiias @ thdek@éaRict InoMilitg h
functions at a biasing voltage of 10 volts or |ess. 43. The capacitor of

d ai m 31 whi chihatifnahoubHE cmy 3 BMPEF ng voltage of 3 volts or less. 44. A

capaci tor conpyj si NG capabiitdpLBinds EWBGERI C material, a first el ectrode on
or in said dielectric material, a second electrode on or in said dielectric

material and spaced fsihatdeaptpng slgip of eanduetive gwterighis pgRd- one t hin conducti ve

material |ocatgd betuweshcsdidchih ¢ frdkigdes, which strip is biasable
differently fromthe el ectrodes to cause a change in the capacitance of
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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the two el ectrodes. 45. The capacitor of Caim44 conprising nultiple
conductive materials between said two el ectrodes that a:ue %ﬁr %bkvel y

bi ased. 46 JF“’% %%%aci tor of Claim44 wherein said el ect og r de of
materi al s t%a 8nave electron/hole nobilities of 103 cn2N s or less. 21 WO
03/088358 0 9 NOV_2005 47, The capacitor of egai m 44 wherein said

el ectrodes are nmAdel srapasiterqf Llam4qayheranspd electiedss orp Refee ! mstrplsithat s of

10-1 cm/V s or | afSe eid@rontiR HeREs bP10OEmD 2k 52 B4, Wherein sai d
el ectrodes forma parall el capacitor., 49. The capacitor of Caim44

| plate
wherein said el e@Broearacyeraf &lymadouserin pistelectrsdes fama papliedpletsr of C aim
44 wherein said congpsitbve material is aligned generally with the electric
field. 51. The capacitor of C aim44 wherein said conductive nmaterial is
al i gned gener al ¥ Tscapaciier of Claimetderhsrain jaid lgctipdes form a gap capacitor.

50. The capacitor of Claim 44 wherein said conductive material is aligned
generally with the electric field.
51. The capacitor of Claim 44 wherein said conductive material is aligned

generally parallel to the electric field.
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