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AND METHODS OF FORM NG THESE DEVI CES The present inventi Eny%gll aﬁﬁed to
el ectronic and optical (or photonic) evices with vari aBl habl e
properties and nethods used to formthese 5 devices. Mre specifically,
the present invention involves formng | ayers of conductive material and
di el ectri cwomkesor®l or materials with varyi ng conductpcyivksnawd | ndexes of

refraction to form VarEL‘Edﬁ‘}ﬁilﬁ@Mb@’Fiﬁlﬁ,ﬁEﬁ(ﬁﬁAﬁﬁVi ces. Background of
the Invention: Thin fiTns (and “r—lﬁmases) are useful for

formng many 10 diff er A4 Btk RRVIGESyi ces. Capacitors (and

ot her devices Sumlﬁésed?ﬂﬁéﬁonﬁhiré&e@"s&élec%lﬁc in%ﬁﬂéﬁié@bh&gﬂ @siting dielectric
materi al and conductive materjal |ayers, he ‘conductive 'l ayer(s) form ng

t he el ect r odYceswithyeriablg grevitchsple P¥°aelafftapwpth®évseé@sformh¢spns of material

having rel atdeié‘és)’M&élebeciﬂ&ﬁfyxﬁ§gr@d‘enﬁﬁ&eﬁiﬁﬁﬁﬂv@ﬂaﬁﬁﬁ@q%@i%'o? ed adj acent to
films of materials having relatively |ow indexes of refraction to form

wave- gui des condyctivemagerial and diglectric mgtaialar meterige it wayngwandpctiiy g al s are

useful for figdeRdsROrebitibn folfém veliiclk 6leétiohic aftBdpBéal dvicas wel | as the materials
havi ng hi gh mdexeg of refraction. Also, inthe fields of electronics, RF
Backeround ofthe Inventign,

and phot oni ctrically active materials is becom ng nore
and nore popul arﬂuﬁﬁmf(indﬂﬁdk|ﬂhnﬁﬁfsbﬁi@ca§@)t£d’ﬂsaiﬁoﬁ6@mgt e materials that
have a partigcul a anet er be chan appl.ying an 20 electric
el d t Poudferembelbegpas mdops @rﬁa ewcssy W&(Q@ﬁ’é“b\é‘msﬁ chas2lsh as the i ndex
O}‘ r ef raf:t lsmnﬁ@)faretfaﬁnmyeerplbsaﬁng(d&neeﬁkhﬁfeﬂillaﬂd (%oﬁ‘}u&velmleﬁﬁlllﬁs}ef)i) Ior may) be
el ectrical suc el ectr nt err.o ara) electric As
these two p ‘ﬁ‘é‘?‘?& °§§’§6&’1" ]t%‘étf?ges§ ﬁ‘ﬁ Eﬂ?é 8y |I’éf’é3 i’:}rdg Vgf§t h ferroel ectric
and el ect r odifrhd ¢f mafehial h@hﬂ@ﬁlaﬂfelydt@l indekdsioCrefiictiar dradepoditbdidjpan wess t he
property th their 25 rmttiv |eIetr|c onst ant .- DK) changes
under the a%ﬁﬂ‘?%éﬁafegﬁlsg? r%v?}yi(’ If“g%fs)?f{? 8(% UPIAFELS ol d are

comonl yisr efﬁﬁe:sddxséscanaah Hevide M mnytriaterisls a:éﬁseﬁllforform:hgboﬂmberl al is designed
to oper at e QW th or

er, ture. o oi nt,
"parael ectri g,iecm(: Bla linaéthr?gfa%l?lgﬁavf%%éq% %frf%acg%r ate above its
Curie point. ForAlscsnmtpéﬁeidstoflc;ledrbmys,Rthd phetorges| ﬂheukebfeeie;ooshlbct rics (f-e)’

i 5 91 SC ORI maffly sbeatoll bR, 10 HASSLIL OB 0 ARR S it DT - or p-e

material s. I nteres devi ceapllcat|0n5|sthe
par ael ect ri thosemyeriabsithathave s parficalar paraneter thatven be chivgedist applyimai s above its

Curi e, SPCLALE fud bibubie RAEAR] B! FineoF AR obdl 4 s sl b capact tance

of the materral 1s su anti a I near W't espect to applied bias
vol t age. Bardfigpfionof ﬂlemmn&{eﬂqcmm@ Oy anpferigls)t trenay be mtrevalsmzt&su . Ti 03 (BST)

is a highlygatil-ed SRR HeRb (or para) electric). As these two parameters are

associated, some materials are both ferroelectric and electrooptic.

The class of dielectric materials that possess the property that their

25  permittivity (dielectric constant - DK) changes under the application of a DC or
slowly varying electric field are commonly referred to as "ferroelectrics" (f-e) if the
material is designed to operate below the material's Curie temperature or point, or
"paraelectrics” (p-¢) if the material is designed to operate above its Curie point. For
simplicity, they will be called ferroelectrics (f-€) in this disclosure, and it will be

30 understood to apply to either f-e or p-e materials. Of particular interest for microwave
device épplications is the paraelectric range of a material, i.e., where the material is
above its Curie temperature. In the paraelectric region the variation in capacitance of
the material is substantially linear with respect to applied bias voltage. Barium
strontium titanate having the formula Ba,Sr;.,TiO; (BST) is a highly studied material
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applications. BST is used herein to refer to material hayi,n e farnmul a
BhSrl -, Ti 03 where x. equals 0, equals & or X is greateraI/IzagEBhaz{Iﬂ% | ess
than 1. For SrTiO3 (x equals 0) the Curie tenperature is very low, and this
material is in the paraelectric range at cryogenic tenperatures. For BaTi O3

(x equal s {obhadotse Curie tenperature is high. Generalployyaiiné®t er medi ate
Curie tenperature is desired; thus for nost applications, the nolar ratio

of Ba:Sr is Yttareebpptentalanthess @pplicationss BST isqsediheigmdo refer oenajggish 30: 70 and
70: 30, nor e Wadhg ihe WrAtla BaSEL1OS hdOk 4falf0dquatQ; &% is FRer iR GRY Of Ba: Sr, and

t hereby the sel ectign of ie tenperature, is thus selected according to

- Cur
the antici pdtsethapbeFASTHE: Cemls O Furermperireis verg oW, m¥ihigievi ces 10
i ntended t 0 fferRAPS irth@phrdeRctic faAgtACCrRIRERORASEANRESs. FOLBRTIG R eqwalsur e, a Ba: Sr
nolar ratio g bet ween 60: 40 and 4281:%60, S pref(gllrﬁéed. M xed oxi des, such as
BST wher & x 1) the Qyrie fepppratiggdsigh Sereraly auinterugdiate eHRFAE® 1Y 0 deposit than
single lcatiQl@sifé&;!tﬂ@&bnlﬁdéﬁ@p]&aﬁﬁny}ﬁﬂ%ﬁndm}ﬁig@fMSrlsbeﬂﬁ%ﬁl@borahﬁCUItydi5 o
primarily compgsitijonal control. 2, combust.i on cheni cal vapor deposition
process, as 9%§WEI6‘?¥WW@€9(M%‘,IIIIE‘IP’@%Parﬁﬁfaé]ﬁﬂ’e%‘?négoﬁ?‘gw,02 1, the
t eachi Ings 0f40.\60.imﬁbiﬁebﬂm&,ﬂmm&%iﬁ&béﬁmnmﬁ@i’p%ﬁ&,ils&IuIs'OWS the use f’f ‘
a single pregursor salution containin recurso or cations. A single
ot ut Con © s PORH Esng o e gut iA=L biHR s BT e etiee ToF dRBbn 11 | s
i mpor t anto t antermledtode Bpeditéiin a radlgyracinipasing roopadniertuee, 8 Ba:Stiiblans t enper at ur e,

, . fl n | d [ [ Pt I I
bven i n & CEUS 5pauER O pRkisninby syl oiBh A B8P FRESE I 0o B

does not vargeatpthtn Ghddyessthare] srébandeatvalaposh Han qinghf catabixideneuchds € t han  about

| % during the deposition.. Jayer.. Electrical Lo fr ency (RF), or
m cronwave a &F‘IE?’IIIO(&I‘SII@I%%@'@SP aé’I:"t“Pf”B%Wi}ﬁg?:”FﬁIyg%ﬁ%I%’Pﬁ%IIs i ncl ude such
gener al cl ashenficat sfpoodeposition paras, hodesdibetier exaeplé, ace Selient Xapaci t ors, tunabl e
capaci t of.s, I L.t er e _shif . | 1.1 plexer to include
dupl exerIss), 5&%@?@9%‘%’3&?" O?I‘Igg&%%é? gfa%egé%ﬂ?éigg%e@géﬁ%#gﬁ?ﬁgwé net wor ks for
power anpl i of ®sisgl¢ pre¢usspr solution coolaiging arepirsofs foradl cétioh\' Asjingle dobrtiomel ectri c

ef fects inclyg .1 t ghi ng net wor ks.
The t unabl esﬁﬁéﬁ%}lg%ﬁ%@% cﬁg@?@g&ﬁ%?%?ﬁyssﬂn an be&%(l&%ﬁ&ed in the
desi gn of  denepiiprahpasametans; Sk asdempezati, Bressyipciae Aew fates, loedegtgnmuni cat i on
systems tO 3QirdflidaBsitiohh] ORWI GRRRN VY proRs, PRREBKCH Shiggitddcal (RF or

m crowave) performance from 300 MHz to -30 GHz 2) ‘snmaller size, 3) |ower
power cofsu ppﬁtrpt@mf B/S does not vary spatially more than about 5%, preferably no more than

about 1% during the deposition of a layer.

Electrical, radio frequency (RF), or microwave applications of these
electrically active materials include such general classifications as varactor diode
replacement, capacitors, tunable capacitors, tunable filters, phase shifters,

25  multiplexers (to include duplexers), voltage controlled oscillators, tunable matching
networks for power amplifiers (PA's), low noise amplifiers (LNA's), thermoelectric
effects including power systems, and general impedance matching networks.

The tunable characteristic of f-e materials can be exploited in the design of
components, subsystems and/or systems in mobile communication systems to

30  achieve: ‘

1) new capability and improved electrical (RF or microwave) performance

from 300 MHz to ~30 GHz

2) smaller size,

3) lower power consumption,
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conbi nati on of these four itens as detgrm ned by specific ?}(yg;t%n Z@@

requi renents. There are nunerous ceranic materials that c et S s f-e
thin or thick 5 films. Thin filnms tend to be used in smaller devices than
thick films; thin filnms are generally deposited to a thickness up to 10
m crons, Whph@ibfi ck filns are typically above 10 mpgfgdgacidl F €l ess
handsets are ch%&al terjzed by their need for | ow voltage operation,
typically <40 Vi - (ho4 Heally < 3.0 VDC. It is expected that this voltage
will 10 decoesageorhbiistiess these forutitemeasiiesingig by Ipedisic systen dbsiga t unabl e devi ce
must be able t.o be designed in such a way as to create appropriate
electric fll'eefllarseml‘e?tﬁm a small DC tuning voltage. One way to achi eve a

sui t abl e geonet rThete aretnomeross ogramicanatesiidh thatcapbeaisédns S thiroorgickt i ng of thin

filmns off ma ni ol.tage.al so results in
reduced pov@lm gﬁgl@niw%dtoﬁeusgflﬁelg@%&%g Sﬁ@?&ﬁkﬁ@%m‘@m&ﬁﬁ E- O devices. 15
Tunabl e cap@nemldydepeﬂltbdmafﬂucknesbmpﬁalemrmdne,rv'vhaibthiokﬁhnsakmlad:allzed to a snall
part and Aeblogﬁs qugon he use of the small geonetries needed to create

electric fi sufficient nmagnitude necessary for tuning fromsmall
vol t ages. For tM@sh@dsetsfaretchmmwfoyﬂtnngdfcandthgewpetr&oa,rs in the

frequency r V%Q% I al ued capacitors
are required so %Lat ng‘ﬁ%?ﬁb Hllsae%‘p%%guce%lw‘?ﬂ % eﬁvarl abl e 20

capaci t df i decugasedurihar ig detire designyy Thus, any foiunable device gustaaeblestobeict ure f or t uni ng
pur poses. Edtegﬁ [ i n capacitance
of these gﬁ&?ﬁ‘(%&i\}'\nﬁ%v y%‘?&fr gm%sa?elvegecgigg%ﬁ?%&&ﬁlﬁe I’O%ptl ¢ phenonena
of variati owltase Qnewmwtaph;@reuaﬂd@kleﬂmmtqalpmdesmmdée eapiciterge. Phot oni ¢

appi 1 cat | Ongnlink B AT Hrledlaftrial The bRAPHERGEY esg@gp Qrsu}f active

wavegui des tha ave functions such as swt at t enuat e,

conpensat e sfucedpaweneonsumption (gpddieptdissipated) ﬁpftlgﬁ&@be P@Sﬂl?esl s a useful material

for the;above g@pibie Wﬂlo@%TMe%e%ia&ﬂaﬂéﬁ‘é%&ﬁie@'td‘asrnﬁllbﬁ—fﬁlrd to doped
materi al wherein an additional el ement , such as | ead, replaces some of

(usual |y | eBlaws oz the pspopf thesmalhgsprmetrigsay ‘IO)FfePté§]§°tE‘%WSP§5}¥fﬁ°EFE} even up to
5?% of them%afmdérﬁb&as@fsaﬂﬁllagﬂ&dmnbﬁtaééa Fér)ﬂﬁ@&gﬂoliftdnh&@ﬁlte? te[1 nativel y,b

el enents such a sten, alum nu magnesi um cium and ot hers can be
used to rmd’i“W‘“f“rPL’ 'ﬁ? FrodBcge R B@%ﬁﬁ@@éﬁ'ﬂ%gw&%ﬂ% of the Titanium
in the | attyafed ca';Su@thrsdma@tISd Jahat theEignee istnbEreddcéddLth@variglle t he BST. As Ba
and Sr have +2 vale i cal val ences al so have. +2 val ences. However,

n
conbi natd on°§‘P36¥t°r¥§3“s$‘§m Sﬁ?ﬁ‘cf/ 5,19 FLEL & TESORAE SHTUGHYS IPF NG P8 nat i ons may be

used. As previously described, related to the variation in capacitance of these

materials with applied bias voltage is the electrooptic phenomena of vaﬁaﬁon of

refractive index with applied bias voltage. Photonic applicationé of these materials

are in phase modulators and active waveguides that have functions such as switch,
25  split, attenuate, compensate or combine.

Barium Strontium Titanate (BST) is a useful material for the above
applications. BST is also used herein to refer to doped material wherein an additional
element(s), such as lead, replaces some of (usually less than 15%, and more
commonly less than 10%, but even up to 50%) of the Barium or Strontium in the

30  crystal lattice. Alternatively, elements such as tungsten, aluminum, magnesium,
calcium and others can be used to modify the broperties of the BST by replacing some
of the Titanium in the lattice. Such dopants may improve the Q factor of the BST. As
Ba and Sr have +2 valences, typical valences also have +2 valences. However,

combinations of +3,+3, and/or +1/+5 valence doping ion combinations may be used.
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may be used by thenselves in BST with vacancies in the Ial‘i Egg &Dgscture.
Cesium and Bi snuth are such dopants. BT is a recogni zed e el’de¥ric and
BaTi03 is a known E-O material for the applications described above. BST
can be doped by nost netallic elenents. 5 To elim nate grain boundaries
that creat qgg@sd N both optical and electrical devipgggsngfbt axial f-e
materials arc highly.preferred to polycrystalline f-e materials.

Her et of or e, dafEnsBRFdlercOEHR thef ¥PShY RivBed By iiRikdNes fndsTSAIMVAShALs iBST deposi tion
has been mm ne5| um oxi de and | ant hanum al unm num oxi de, materials which

have cryst althe lptips sietures Cogigrp pnd Bispptteane segh dopants, BSTdga reesgnized s gnifi cant

?L awback of f&ﬂie{bf&@ﬂmﬁﬁilwﬂh@&?%ﬁﬂ&aiﬁ%@ Hﬁﬁ@{fsld@cﬁ&m OXi ge ![ﬁ t hat
ey are curren a n very sna war er Si zes. ur ernore,
t hese smal | %‘feepg 5@336\518?69 Hé?a'b’éelﬁ’aemﬁnr oduce. They also tend to

exhi bi t poor Cry$&ainimdﬂégrﬁnwﬂda@ie@rhatmatm@ﬁnb&ygﬁﬁaﬁaﬁdeﬁ&@me are inplicitly
sem, conduct or

huge benefits to be r I zed from|arger waf

i ndustry .sdemﬁsewmfﬁﬁwﬁ@ﬂ%m%@ e Pt n?%‘bm%‘ﬁ‘? Square) 15
waf er sizes Heﬁetcﬁsrett@em&abdnmmlsmemﬁtaﬁmtbtbpmxa@su‘aepo&mﬂaar cost savings
can be inplicit with cer erials avajlable .in size for

ni croel ect r&ﬁ?ncm%?ff%omgéﬁcﬁia%“ umgEym oxide, materials, 5‘%?# ﬁval lable in
100 mMm waf enauws&imuﬁesrmn&mmhmr@msml Arstyniﬁgantdrawmkﬁﬁtume 150 mm waf ers
soon. Thjs is significan | arger. t han. .ayv bIe 20 vvaf r..sizes for
magnesi uth oXiRgResKPxIdg Ap Eﬁ*&ﬁ\“& H]BI‘H“S%S% AT 2y aﬁﬁla?e crystal

al um na, hason]tyém:mgylsnmﬂdvalfmmési Fatherwere, ﬂl@bmalhmjﬁe&remyempeniezemd | ant hanum

al um num oxi_d r od d at | ower, i ncreased waf er
si ze, excel Ipreog1 %ytailslolt?mri\ xmg? Fncrﬁ#ﬁﬁ sur 3rstgrfarc815°g Hess. However, BST

is not an obvi ouﬂlemra;mmhcmmlgchmeﬁmmbhreﬂamiﬁomh@edafaﬁt”prts to date to 25

d t t F

depost | oP! Satb i oy PR Sl ol 2D il RORHERBRD) O ST
used.. mwpemfmwﬁmmmmeomomn@&/mmgostmmssmhlelu: "REDUCED GRAI N
BOUNDARY CR I %a L\@H—‘?gﬁlﬁ gﬁ{g%%fz;?dﬁsh%%@&m&e&g{& bes nethods of

form ng reduc gral oundary at are useful in 30
form ng sorriabr,ifﬁatlphe devi ces of the present application. For applications

that require 1208 iBdvailablk SBr00 bl SLELGEL SRR &L SO be nmade to
Co- pendi ng PCT @'Bﬂl I c}gﬁp% 1PCT/aU801/ 24587, eﬁﬁt I eg{l&ELECTRO\II C AND

OPTI CAL I\/ATEWJAESO intyofiyce S0mm Agfsrrspory (it is signifistntly lasger Banayailablenods f or
produci ng eRiatedsibed ForrtAiibsili loffe 43 SintHaninaluminum oxide.

Sapphire, single crystal alumina, has recognized benefits over both
magnesium oxide and lanthanum aluminum oxide in that it can be produced at lower
cost, increased wafer size, excellent crystallinity and minimum surface roughness.
However, BST is not an obvious crystal lattice match, and, indeed, attempts to date to

25  deposit epitaxial BST on sapphire have not met with success.

For some applications, less than epitaxial quality BST and other materials may
beused. Co-pending PCT Application PCT/US01/22131, entitled “REDUCED
GRAIN BOUNDARY CRYSTALLINE THIN FILMS”, filed 13 July 2001, describes
methods of forming reduced grain boundary (RGB) thin films that are useful in )

30 forming some of the devices of the present application. For applications that require
highly epitaxial films, reference should also be made to Co-pending PCT Application
PCT/US01/24587, entitled “ELECTRONIC AND OPTICAL MATERIALS”, filed 2
August 2001, which discloses methods for producing epitaxial thin films useful in
forming the devices of the present invention. It should also be noted that some of the



formng the devices of the present invention. It should al so be noted that
sone of the 5 17 FEB 2005 WD 02/ 16973 PCT/ US01/ 26491 hin filnms in the
devi ces of the present invention may Sill oper at e adequ t/e?tﬁ rQUU’S
pol ycrystalline or even anorphous form Summary of the Invention: The
present invention involves the formati on of optical and el ectronic devices
5 using t%fjo{,k;ﬂltechnol ogy. In a first aspect of tp@ﬁfﬁéﬁ%%i on, thin
conductive layers are fornmed on ferroelectric nmaterial. en a voltage is
appl i ed bet teefinthirtedevicesf thepiesent inveptionsmaytstilbopemteaequatelline| ect ri ¢ const ant
(or index o AN | optic applications) of the material is
changed. Th%gl&?&%g?%ﬁﬁé}n%rﬁdgﬁﬁfgﬁ%f capaci tance or el ectronagnetic wave
transm ssi ofSuhmanofthe Innentiowi n ternminals al so to attached or in close
proxi m ty 1o 1 herneaid b enliBifVolvdl me REAASHL EGNRALRMonARLES the DI asing
e suc

voltage via the main conductors of t evi C¢ ch as a capacitor, phase
shifter, 5fi psiegthinfilm teshnelogn rIn a firsbaspecy pfdke inventivncthisicendustive lis@dl ver sus addi ng

addi tional o eoRAUELPkSoddtrgRRledall Wheld RRaRGCANRA vaALinidNal traditional
conductors would affect the device perfornmance. To reduce the required

bi as vol t ageapdugtivelayesh dhacalasive difedric gastapt(ofiadex ofrefadion Bget her . Thi's creates
a limt dueghrobfife a%lﬁ?&b%e”g%f‘ﬁé mbteid §sn8edO This ABNK AL dkided Systens for

i magi ng and etching. In addition, the freedomof designability of the

radi o frequeAfesjtaparey clesrompesgicrypianemisiondptwgan fve @ainderpidiseled by this need
t o keep 1hheatiBhed of RRMDICHONiRity B ihé varidfeSnateAdid Plek@NBEINOIBS) HPRBitei ty i ssues
preclude certain [i)attern duye to the enhancenent of electric fields (e.g.
corners, achipang\pltagsyiadhgmagpepnductorsaffhe Aevice sudh3s a ¢apasHeh BRE br eakdown. Usi ng

]E_hle tg! n fihlﬁﬁerl Gfitet &gesoﬁfﬁ.s’ﬂ%tdeﬁW&ﬁﬁu&@l@ S@'ukddw&sés(hﬂdﬁﬁé din!ﬁoﬁb]!_ Iseloar ate thin
I1m DI aslin ectrodes on the top.. .an ortom t he I rrlm

ferroel ect rf?Qf‘ﬁ\‘Fé‘F%?’ia %Yﬂ‘TH‘?%b"’%? ﬁd@%‘ﬁg‘ﬁﬂ °E?z°‘l93“‘it‘?5%wﬂ'lﬁ£%ﬁ°ﬁg vol t age

al l ows a snikldevice\peifdrmgie.t To ledicetha rdquifpd bis Asttages,thef dodvdtorsinfistber esul ting in a

greater change .in .the dielectrig.cons t.for, a.given hiasing voltage. 25
A rporlf anTE b eBe s Bt or oot BBRae Y oy of e bi ast ng
el ect r odes imenufieaviag systemnfol imapging irictching Malditidn)tke fledandf m cr onave si gnal s.
These bi asing. electrode rere re 0 _as n- RF bj asi ng,el ectrodes in
[his® pat ont SigpBHEnf redo RiietcS BN EGerkiprRR ErO e b EHERT o5 °F e “non- R
bi asi ng el ethisrmedlias keh diginchinvobductots &ergy closemAidtitiortahdesignabitivyeissuesThi S 1 S

acconpl i shed ha¥Ln a tepial, in whigch the resistance is 30 high enough
particul arl ?/re(\:t/i\n‘){dteﬁ resl(’;:)het‘(ezrfl H‘?eoto{hﬁgn%mlwgﬁeq; ?geéeﬁéjﬁ%f/ldség%'&h%’f@rwgﬁ this

resi st ante anglek)iagé the potengial fort fremairabreakdoval. élsing dedisn filmspbieice ni ni mal or

non- det ect gl e i} A5G UIRNS 6B S Sephfle P SH il UeSobll o Bhop?! 251 N0

el ectrodes. I'S aspect of
and bottom of the thin film ferroelectric material. This small separation of the biasing

voltage allows a smaller voltage to make a high electric field, thus resulting in a

greater change in the dielectric constant for a given biasing voltage.

25  An important aspect of the present invention is the ability of the biasing electrodes to
have nominal interaction with the RF and microwave signals. T‘ilese biasing
electrodes are referred to as non-RF biasing electrodes in this patent application. It is
preferred that the material of the non-RF biasing electrodes should not interact with
these waves. This is accomplished by having a material in which the resistance is

30  high enough particularly with respect to the high frequency signal. When this
resistance is high enough, the biasing electrodes introduce minimal or non-detectable
loss when compared to the structure without biasing electrodes. This aspect of the
invention allows designers of the structures to separate the main, thicker conductors
of the RF signal and provides for the use of low bias voltages. One or both of the



invention allows designers of the structures to separate the main, thicker
conductors of the RF signal and provides for the use of w_hias vol t ages.
One or both of the | 6 17 FEB 2005 WO®2/ 16973 PCT/ USO1/ ﬁGBQ&EB a$i0bg

el ectrodes can be nomnally RF interacting. Presently, bias voltages of
greater than 40 volts, sonetines even greater than 200 volts are needed.
The thi ck Ro@He¥rs conductive conductors of the fil t epsrudiiaag shifters,
resonators and other designs are needed for strong Interaction with the RP

anddm t(::r oWa\besing Eib&rohé@\b?{hbetnbﬂmﬁﬂﬂmmﬁﬁ&hng?ﬁéﬁﬂyt ﬁhﬁd@ﬁfge& &@réd@}v’l c teh t
conductors e ver 0 s _bi asi r S) e presen
i nvention agﬁmggﬁglfsai"g’ﬂﬁ%?? emﬁg}/ wa"f%%ﬁﬁ?lﬁfreﬁf’ggdt 338&!‘"& Yerial ; the

vari abl e di ebsiuttivecondidiers bff tisfiltens] fhagehiftsrs, Rsoratorsand eterideggbigecy .AC vol t age
whi ch causes chan inth i.electric con esired. Wth the

el ectrodes &Fed%!ﬂg’f ﬁtf°8§]i’ﬁefa°&?nn"§7g‘ﬁ€q @nﬁngfnhcéwa@‘?uﬁ?alﬂﬁer 0 capacitance
Cﬂ.n be sglpplﬂheethicltbymadéva&mﬁdhamﬂ&dwﬂel Tﬂd}eﬂilmlowﬁhsﬁgellcﬁoe?$]ft han |3 vo: t,

t hus enabl i r cont ti eed for multiple
vol t ages wi t pﬁesfnﬁgwff&' fep?)rFte‘g{é’(/'g%tgmeﬂFﬂnttE?@“qgﬁ Eﬁnﬂ @’ﬁl ar inportant for
portable el @mhablzmﬁdlbcﬁev'l['hneﬁasaoldgémDCa)aﬁmvy&eqme;omVolﬁgm&he design of the
mai n el ectrades er f .d Vi IS i m.zed for the
applicati on %% e“ﬁ %HP tﬁe‘im? co?)séai“ Slf"ﬁ'n?@ﬁﬁ’e &‘79'1?%5 ioﬁélef’%seé nimze

separ ati on ddvedtioe, thaansmlﬁhﬁclmhmhcapd@&nce?mbpswphadebyh&ssmmw i nteraction
L GRE p0 R SR SUO0 B i B 68 Bl Ll D1 51 g

el ectrode c g in-na &sistance is
preferred toeddéorbmﬂmlta@m&eplamt&@B}(Msﬁhlarseqpaamdlanore preferably

bet vieen 100V Gurdihinte ANSIIRE: ohdfol SrclHAE! ABPRRLREmLRAL al the i gh

frequencies o0 m crowave Si that these matérials have
responses otheZwin sietiredseiandipgtiwmanse pEthe Ivlcwegrtif,mm&thelanplm@er to reduce |o0ss

in a capaci 44 e parallel
resi stance P‘%{rteﬁa{h ectbrglg(gjleuéltéd%ﬁ' ?‘%ﬁé%a’% iz Lpdriioh GAREmbR

nore of the RF or mcrowave
el ectri d5fi elegfrodes: B"OPW@dEIfOéFeéWID&Tq é@ﬂﬂ%&%ﬁ@i’%’éﬁ@% theayer presents

a | over 'Wﬁﬂ%ﬁﬂ?f&ﬁe&ﬂ?bu&in@@ﬁ!:&oﬁ@é’aﬂb&fﬁ@hl??ﬁktfvﬂn\&ﬁm@ agkippcel ectrodes. It
is even further desired he materia t he el ectrodes have a high

frequency 25sisieagedsmpfeedd be btreamkIHsapaay and (1 BYkysguaresandee®® when conpared to

simlar reSB FeRibRRstwatn loﬂﬂfsﬁfﬂeaﬁElﬁb/s&ﬁE@%&ﬂftﬁerdéﬁh&Mt@ﬁtﬁ@ases of 25%
100% even 2001/0 over normal . nmetal  conductors. is further desired that

t hese mat er Pigh Feqpancies phibe RY erpigiowaversispal dhat teeseﬁatsqwés havemssrosssefd devi ces. The
| ower the DiadiR8 highe patlld Resthids. Blordefts rdauc%sosymlatcafgatoaﬁ&@ﬁfdﬁu fshe 30 variable
dielectric ﬁ/mch results in ster ?Ihtgoa 4 r& r‘h&ddltlo the shorter
the | engt hI%mablgly nregtrdhe §etS‘éﬁE°€ ¢ Bpfrades. thepeby phidipg ol | o5 ponse
time. UsingtheRE9emicrowave electric field into the dielectric layer as the dielectric layer

presents a lower impedance to the signal than the resistive biasing electrodes. It is

even further desired that the material of the electrodes have a high frequency

25  resistance of increased parallel resistance when compared to similar resistances of

normal metal conductors, with increases of 25%, 100%, even 200% over normal
metal conductors.
It is further desired that these materials have fast response times to enable high
speed devices. The lower the DC resistance the faster the bias voltage affects the
30 variable dielectric which results in faster response time. In addition, the shorter the
length of any higher resistance material, the faster the response time. Using these
aspects as design parameters, results in the new structures of the present invention, as

described below.



aspects as design paraneters, results in the new structures of the present
invention, as described bel ow. ; FEB 2000 WO 02/ 1@2{%@{ US01/ 26491
Very thin |ayers of various naterlals can neet this obj i

materials which are m xed conductors, that is electronic and ionic, or
nore likely ionic or sem - conducting, thus aiding in the nodul ati on of

further reghsiasase at higher frequencies while stil} ,?(}bg%% g1g enough
conductivity at low frequencies or DC voltages to ena% e 5 biasing of the

ferroelectric ma‘;@{ if S%M”%ﬂﬂt 'c&%e%{}ﬁs%écﬁ% A Blt}gmﬁ)erfor mance of

t he device. Cond ave di st carriers ands nmobilities.
The carri emdich ang nixed cdnslyetors,ibat iskiottopic end ignierosanere tkdlionicof semicf benefit to

this applic i 9291?!:1 he desired use

frequency. i&qd%}m% tﬁlsra{)dﬁlgrtl on L%@@?&h%&%?%#?%%%ﬁog benefit the

RF/ DC di f f eiwiilg stifljallowigs m‘}ghlcéw%wttvﬁmﬂ@%ffm@ﬁ@ﬂoﬂﬂﬂ Ydltegeptognibiy el ectrodes is

of fset by t Bﬁs:ﬁf&%e‘tin&e%g&x@&at 1?@)( B MARGER) the bR&! 6{§tﬁe é&foﬁiaﬂ&er vol tages as
n uncti ona g

wel | as enabl | t he , evi ce design 1 ncluding
conduct or sefthe cencowfﬁbﬁveﬂlﬁtallcfs@ﬂ@ﬂﬂﬁqféﬂbﬁf&@dm@bélﬂettm@des can be grown

as a base Ieae&&séaegéag&ﬂoeé haes%paﬁlm%&e&ropsenéﬂ?t&tﬁ@a MabdigRlie dielectric
mat eri al or theg can rown on top of di el ectrlc mat erijal or

ot herwi se d&g¥s {D@Elh‘leﬁ’lﬁlﬁﬁa@éﬂﬁ athp Wﬁﬁeiﬁé‘l@y‘% Arirgrpropertioner ni ni i ze

loss, the nNR§€EdnBhctRHdan RSo bedlbRARRFYAHS ediipt, desi gn, so it is not a full
sheet but has fine_ lines in various patterns. To father mnimze the

i nteract®on wit H\W S%Vé%@ﬁ&@ﬁ?ﬁaw%F%é%‘ﬁoffﬁbbyéh@%‘?ﬁéﬁ’ééﬁ t he bi asing
el ectrodes gafmimeleRthREe 8Ghigher JoRSzed RHell & Batilind 50 Bpttmdl, Furlchichall®i N el ect r odes

(systemlines), parallel to the system.|ines rpendl cular to the

syst em | i nedevicpdesisninsludimg condycterseragion, Them "F‘i“ilsd’sfﬂ’@;ﬁs%%e BATPLE L | y across the
thin film euhbagfo%aaabaaglayeﬁtﬁo&hmybmmmh@obtoaﬁeﬁhmaﬁelwcl m nim ze

| eakage and can better di el ectad#e;eg chang (\}% f;f? devi ces, but
o o mEleR P cpn P P LR 3R e BB & st Dot o y
conduct iye ﬂiBﬂeﬁhtGE(ﬁmttBid)ﬂﬂerﬁiGVdﬁlﬂx&mﬂﬂﬁlzﬂaﬁ them@eriabe bsur f ace of the
dielectric terial .fi ~wWth th i viol e hein | i ed between a

mai n el ect r%‘a nl}%‘o'fsﬁléfles{%’ ngté%lfohglglglfegt%él ﬁ%ﬁq@aﬁ‘ lf’gangﬁ‘g? ¥ he bi as

el ectrodes;, T@fmdhérlmuimzaﬂierhgermdnemWﬁblﬂewmpropziptmmtblameersﬂldﬂeotrbdeh his thin film
vari abl e di I .Ctl’l E% f.ern tba:{gﬁe%{agongﬁog%\ﬁm%%l I|ne can be

contacting appl yf({rrﬁe po one 5ias e f’rode and
anot her dev(smenihmé weaileldo the aystemdineks, m@expgdctumcahvaemhes ﬁBEentl al to the

Sgrlegbﬂa@; e ectrl C. giénﬁﬂ %Q%beadgg‘! Igﬁsfy con ué% ve (}lngl cgclrl()?\ZstPg apply

the potenti éltmaﬁnsuhebm%mpsmm minipizé leakpgeandéag detteptligndielselde wil | i ncrease t he
speed of  chapges bith fof dédbes M is nGlsE SlighitFincrbRS b biad\bithgd needed.

The highly conductive main electrode device lines can be on one surface of the

dielectric material film, with the bias voltage being applied between a main electrode

25  thatis electrically connected to one of the bias electrodes, and the biasing electrode on
the other side of this thin film variable dielectric material. Alternatively, one device
line can be contacting and used to apply the potential to one bias electrode and
another device line can contact and be used to apply the potential to the other bias
electrode thereby applying the net potential across the variable dielectric. Using the

30  highly conductive device lines to apply the potential to shorter, more resistive bias
electrodes will increase the speed of change in the variable dielectric, resulting in
faster device speeds. The non-RF bias electrodes can also be deposited on only one
surface and be formed as interdigital electrodes.



faster device speeds. The non-RF bias el ectrodes can al so be deposited on
only one surface and be forned as interdigital electrode$ r %g’EEB 2005
WO 02/ 16973 PCT/ US01/ 26491 To furthe® illustrate the advant%@ p t he

bi asi ng el ectrodes of the present invention, we should consider the

previ ous nethod of reducing the required tuning voltage for prior art

tunabl e capgeikPss, Wherein it is often necessary t%éﬁgm”g he gap
bet ween el ectrodes to very small values, so small tages can result in

| arge electric ﬂ“ﬁm@hedélwmﬂ@\ﬂévanmﬁﬁfﬂlemme@bdeppﬁb@lmsug I ow vol t age
tuni ng, Ca”lﬂv@xﬂi‘dﬁ‘%ve% 1&’e?ﬁ1e8}eﬁoﬁs ofte o th a critical

probl em for systens ase on tu capaci tor duI ation
di st orti on. vqltpge iqhmn@mpblwpacmr@maantatqf@ﬁneceﬁsagr @ﬂ?duemthmur s when the

anpl i tude 0%et§vQﬁeBEtrc§let@%ryk1ﬁalﬂéqu§ sdsﬁfaﬁwtapes%&éaﬁﬁmggel%c vol tage itself

can affect the value of thé tunab capaC| tor itself hi's 1 nduced 10

nonl i neadi tﬁelé%ﬁi%vaméhlamgMQﬁpmdw Qv lipge tupingean indyge distoetiops esent
i nvention, fige RNGRAITERP Bab 1&{&%@6&&@?&@&&55&9{&&@%&8 addressed by

i ncreasing the gap between the RF el ectrodes therebq\x/q reduci ng the
intensity oFaPP%@fSP&in?eﬁ%ﬂ?EjéEP“fdi‘Sé%% Wﬁhﬁ@m@nﬁéﬂ%‘% afionngt erial s, and

mai nt ai ni ngd&ﬂ&&omﬂécﬁis%&ﬁ!h@mﬁﬁﬁﬁﬁl&%eﬁs@ﬁﬁsm Higthigh BRMRHE Mat el y

i nvariant to RFfl trength ver, the tuni ng voltage is

mai nt ai ned VYHE i‘f“é%ﬂ‘f‘ P@W%FW@E@?WISBIFOW%(?% of material into
t he space bﬁ@rﬂm@ﬂbﬁoa@cda&@dt@ﬁnr@ﬁegﬁmmse protru5| ons are preferentially
electrically connected to the RF el ectro sth Si nce the

ferroelectric prepentinyantion, the phepomenp Stf”a‘ "He RF signals, the
hi ghl'y reshcﬁii'dsse&bpfnﬁifeﬁsm‘gltlw’g‘ipthéenﬂﬁRF%]e@fUdéd, ma;ﬁwrydxﬁiﬁglmge the RF

| npedance of th . S is applied to

the RF el ect¥ E’é’g\ﬁﬁkg %&s’?dﬂ? %Hé“ﬁfc %P@tﬁ%ﬂ]s’ artdr%m]?c 'fect ric material

wi | | presentielactid @hsunmwamﬂmaﬂsapﬂroﬂmuﬂhmvﬁﬁn&b BR&kld strangthal |y forcing the

protru3| to ch JC t he DC (%O aci.ng between the

protrusi nst’vg rrglf’%% il els %ag“éed\t}\ﬁw?%ex %Lflhﬁgilriuy'ﬁs g'fl‘fgel ectric field

I ntensiti espmtnuswhhﬁ‘xﬁ@mahaﬂodmtspmbeﬁ&v&eeﬂmall? eleetrndes, fTeese piptrasidnect tuni ng at

| ow applied e t r.able capacitor
ngm ]g%ﬁa’c%‘earlll? %%Dflg%ﬁlwflge eﬁlgc y es(%‘?m??%‘ye% %ﬁc stﬁe i'gnal , while

taught herern
si mul taneou&hyelecmcsmtmalpmsmtsa:iowntaﬁddwapaﬂets ﬂufRFB@ndakhMy the probl em of

I nt er nodul 20 spect of the
present i n\?ltee%llwoﬁkﬁ%ﬁ?ect roo%@?ﬁﬁ ePﬁwref reg)g | gn materials are
deposi t €8 b#mgen pret,a@&é?%blésfls mh@m the Rﬁalwtwgesllmmtﬁc’@@ theRfexes
Ofre”ac“Oﬁglapmfe@éd&l\é&é{fﬁ&tb&?%u%esaﬂhgﬁﬁntp&a!né a&to&@ﬁ@sfgﬁﬁ hi gh index of

refracti on natéri al 0 el ectroopti vegui de i S steerable and
t he opt i cal idgdlly foseing the protrusions to charge up to the DC voltage. If the spacing between

the protrusions is small, this DC voltage will result in high electric field intensities in
the ferroelectric material, and thereby effect tuning at low applied DC voltages. Since

25  the value of the variable capacitor taught herein is independent of the intensity of the
RF signal, while simultaneously is sensitive to small values of DC voltage, the
problem of intermodulation distortion is greatly reduced.

In anothet aspect of the present invention, electrooptic or high index of
refraction materials are deposited between two layers of material having lower

30 indexes of refraction to form waveguides or optical filters. When the high index of
refraction material is also electrooptic, the waveguide is steerable and the optical filter
is tunable. In the steerable/controllable waveguide application, the use of the thin
filtus of the present invention allows for preferable use of conductive oxides to act as
the biasing electrodes, thereby eliminating the need for a cladding buffer layer and



is tunable. In the steerable/controll able wavegui de application, the use of
the thin filnms of the present invention allows for prefer use of
conductive oxides to act as the bi a5|9ng el ectrodes, thefe]g?@ifﬂﬁﬁati ng
the need for a cladding buffer layer and I 9 17 FEB 2005 WO 02/ 16973

PCT/ USO1/ 26491 i ncreasing the effectiveness of the wavegui de. The use of
TCOs t oget i-th electrooptical material allows t r ion of a stack
of high in‘g(gim\g%grefracti on and |ow index of refracl'%}“ﬁ‘(f)[ilselr/rig?réri al s that can
be tuned to all ow podul ation, swtchj n%l"hg act uat-i on, pol ari zation or

fl

t ransni ssi offEesing thegtiertiioresy ofthe ey egHige: sqof JitiOs tagptheriiyith 5 panner, the

bi asi ng vol tR&aRHRMN ferRllewS M6lfokhatiePalsRbk 6F hipH HIeK ofbfrad®Rasd S Of the
light. In the _ciese of. phot oni.cs el ectrodes can be materials that m ght

. th | .
actual ly cdypp xﬁW@ﬂW?“\ﬂﬁeFﬂS*ﬁémﬁﬁe&%dtf’ o% Hequiarion, PHichingst ance, metal s
and doped ngénaisn, alAridaGon dt E@kkmiskibn dfaiphtieike Wateldngth RENAL QA enough
conductivity to n%bl,e bi as‘jlfgg buttﬁéloo tth 1(?) t(% interact with the |ight.
Seni conddct B1AeE & bLsing veliaeq ek e sdfisindiqyortgkprumber ot agpels e  hese material s
are opaque lightt he visible range but transparent at infrared (IR)
wavel engths. Silicon is.qne exganple of suych a .material that can be used as
the dielectric lFﬁeﬁ?‘?e(gfﬂ%@&'Fs’g‘f’ﬁl(?‘fg"?%ﬁ@%ﬁfna?*g?é‘?“ﬁ éftF%é‘d bel ow. O her
mat eri al s cadsuplestrongBasithahe bt (if thick) Clor Statoe ety i dbpad fetald @dndbeconduct or s,
i oni ¢ conductQr.s,or m 15 condugtors.. .The object.iv f using these
e i ol bERgr G opeleh e shemaier kg P sl e Setfen iBar ont
conduct ive ehteres with@edighth Serhicardedirs @n albd ke usakie miamyt caseb,patomioght be nore
conpatible gr_easier to produce.i.n the eral | st.ack e stack,
preferably, t eé?/a?‘:r?gs?tgc?ﬁgu%mglr%vhsbblegr?%eﬁg ousﬁ%fgl}t?te@gﬂﬁgdﬁiher nore, these
mat eri al s ceanavelzegtho rSdlicon Badé ¢xpmple off sughraoeatesiglsbht om beassdesthé 0 manage in t he
deposition Rt i Magg]F ] I ariation in index of
refraction @ﬁ%@i@%?&% SI élygéa&ﬁ;t%?&a g\ﬁvel%'dggl&qn%e\é%%g ,becan have added
benefits. Theed aswedl; sugh ss samicondudors, hele padictist, éonicgpmiugoms pimixedan be internal |y
reflecting wndﬁcﬁcﬁé?sl‘ﬁabfgh&% &%@m}lﬁ%ﬁﬁé@e&g‘{ﬁﬁ&qﬂﬁv&%h& f§ such that at
sone | ocations the adjacent materials cause the light to transformfrom

i nternal | y baypiddeanspatgntconduetineonidest TG andiberehy earble meferjelsdifat might act i on change
in the 25 npigot %mpaﬁ@@é%@%igi&ﬁ%b&ﬂﬂé_o@é&fst&& BRSAK, g{efel;aﬁﬁ, photons to pass

t hrough the wavegui 1ce.” As previously nentioned, a particularly
usef ul mat ebaving redgpedionpasgraip peyndasisy. |Fyrieermore, thgspmmategialsspnbe moss t axi al BST i s

deposi t ed ORadilyPoepidbRd oP EasiZAB RihapEin tHE¥EMEHMofprostk@ne is not an obvi ous
| attice match, "an aspect, of this invention is ecgltam al 30_deposition of

BST on the C pl dMptenalifhabhevealoreg wiation mipdex ehpfigetionsuch ag pleinsilisa i r e

for a low index material, can have added benefits. The materials next to the variable
dielectric can be internally reflecting or transmitting layers. The bias voltage could be
such that at some locations the adjacent materials cause the light to transform from
internally reflecting to transmitting due to an index of refraction change in the
25  material, thereby enabling a gate to open for the photons to pass through the
waveguide device. ‘
As previously mentioned, a particularly useful material for these applications

is BST. Herein, epitaxial BST is deposited on the C-plane of sapphire. Though C-
plane is not an obvious lattice match, an aspect of this invention is epitaxial

- 30  deposition of BST on the C-plane, which has proven successful. C-plane sapphire
retains advantages described above with respect to magnesium oxide and lanthanum

aluminum oxide.



retai ns advant ages descri bed above with respect to nagnesi um oxi de and
| ant hanum al um num oxide. | 10 17 FEB 2005 WO 02/ 16973, PCT O&é 491
Wi | e BST has one of the better variabe dielectric val u&s(, falthe ri abl e
dielectric materials and el ectrooptic materials can be used including PLZT
(lead |anthanum zirconiumtitanate) L1IN60, ZnO and PZT (Pb/Zr/Ti oxide) as
wel | as aRygofikesshe other materials that denonstratep@ih@gg in dielectric
upon biasing. The actual 5 nmaterial used as the active naterial of the
device is not a 4 td ctar . w.ihi hi 5.i nventi on.
General ly the m@%%%é&%ﬁgﬁﬂe{%h&%@ﬁﬁ%&%% %b%%’maglﬁpl i cabl e have
perovskit e diclectrt matsgals @defectraopti mtariely eAnibe exd includinglPIAY @ead t he i nventi on
have a cubi Cl. . ' : [ i nvention have
Tapfthdyif itk too EBRRH AN, AR AY B5L IRT AP ol b

the formul a are cations or mxtuP'es of cations
and to 15x58fthpsthermenteriels $iatdemounstrete 2 ehangedmdieledtric upombesingi Fee astilde (TCO) t hin
f11m can beuolededs ik five BAAHE bt dSadvBY LR oithilfle SRE within i PROtONIC -
appl i cations. may be forned by a co _ush_oﬁ chem cal vapor deposition
(CCVD) pr oc &wpe pfithigfnvertion. isnerally tisgnatesials tpewhéshitlylinventiogiismmosbxi de t hat is doped
by el ement Saﬁﬁkﬁfélﬁ%ﬁt&&gﬂi&gﬁm&f uﬂefléed%&%ﬁcﬁ&s‘a@&}gﬂgt&ﬂ‘lu ium al um num

e,
tin, indium ‘boron, fluorine, and m xtures thereof. - The el ements enhance
t he el ect ri &apotign bpisicptigstyetusenGenerafly. pesoviskites yspfuhin fhefinygntiophaeer red  CCVD

precursor s @leWrhaRW EHP0] wfrA Bid ik ol P aihaQlf Sfths@apant (s)
precursor(s) dissolvéd in an ethanol -based sol vent system cont ai ni ng

bet ween YbodEXEhnd about 10 vol. %di methyl formani de. These TCO thin

films have use iAk fRévitREly dG¥d, ERSparentiohducdi odidle CIUT) ik filME cdnd¥ers in a sol ar
cell. Brief Description of the awi ngs Figure 1 shows a %ross sect i onal

view of an Bedaythe eoadycvelayersdp sifecRE.of phgtonicapplietigieHQmayRe thin filns of
the present forfstEsiid Rfbustibtidhedica vafoeudosiioa(CEVR et the formed of the

thin filns gf th resent. 25 inventign. Figure 3. |s top view of an
adj ust abl e 8?5‘9?‘?9&&?’?;11%?“@ ﬁ%‘ﬁf‘%‘ﬂ’l’?‘ﬁge} ?efef’%h?ﬁ%eﬁ? of the present
inventi om. Edogisting of gilliung alimife, (& GidiueTsdrony fiewing bnd tiktufed theigdfabl e opti cal
filter of figure 3 taken through lipe 4-4.. 30.Fi gu 5.1 s a, graph show ng
the change fT¢ SR} TIPS e°Eﬁ°§’f§8¥°?f‘€°sé’§ﬁgf’%‘f“4§éﬁ“ﬁ‘%ﬁp}’ﬁe’%ﬁ% ectric field
for a ferro€C¥Dtptécarsérizblotidns bomprife Aidvexide pre@ursbr dnd depaht(sh precursor(s)

dissolved in an ethanol-based solvent system containing between about 1 and about

10 vol. % dimethyl formamide. These TCO thin films have use in other devices, such

20 as conductive layers in a solar cell.

Brief Description of the Drawings

Figure 1 shows a cross sectional view of an electrically adjustable capacitor
formed of the thin films of the present invention.
Figure 2 shows a steerable waveguide formed of the thin films of the present
25  invention.
Figure 3 is a top view of an adjustable optical filter formed of the thin films of
the of the present invention.
Figure 4 is a cross sectional view of the adjustable optical filter of figure 3
taken through line 4-4.
30 Figure 5 is a graph showing the change in the relative dielectric constant per
applied electric field for a ferroelectric thin film of the present invention.
Figure 6 shows a cross sectional view of another embodiment of the

electrically adjustable capacitor of Figure 1.



Figure 6 shows a cross sectional view of another enbodi nent of the
electrically adjustable capacitor of Figure 1. | 11 17 FEB 2005 WD 02/ 16973
PCT/ US01/ 26491 Fi gures 7-12 show thelsteps in forning di EE@:%UQS and
el ectrode structures on a substrate, in accordance with a net of the
present invention for formng electronic and optical devices. Figure 13
shows an ive formof the dielectric and ele uctures 5 of
figures 7%‘%&y@?%ure 14 is a graph of light transm g%éréb(r%&{zﬁ‘{g%ugh a GZOfilm
and a substrat e Figuesvigllshasthé steps torforméng diddctie andiotigle stuvbrswbsat r at e wi t hout
the GZO i1 sl W RookinleSih pleABHBE I ool Bclon B B cBlchonfll ©f et ri ¢ and
el ectrode structure. Figure I'S an 1sonetric view of a dielectric and
el ectrode stndippticat devicghowi ng 10 the thin | ow | oss el ectrodes of the
present inventi qﬂ%ﬂrﬁS%H&v?saﬁ tdrrtif YodnS Rt df eGeril b el enbodi nent of
the dielectric arll el ectrode strugture oi et%lﬁl\é prclaeggéond?%ver?ti on. Detailed
Descri pt fonofdiguetldi n Preferred Enbodinments: In figure 1, an electrically
adj ustabl e CapagihQl1410s ki S AR LN iro SR G\ A Fimind I RSHRPOT LI 1

fuid 14 a%racpb. %&Eﬁn idttEroudh ep%n

g
substrate 11, has a first_'bias 18 el ectrode 12 osited thereon. A
f er r oel ect r #5cvellapy the traupmyissionyhrnyeh hembymterabous the §Z0dmode 12. A second

bi asi ng el ect r odguurelfd id & iEhRIAER Vie® £ PPtidr WP diBbctiEhl AEUBE sthbudeayer 14. The
hi ghly conductive lines that act as _ the RF capacitor termnals, filters or

strip lines of tiredévsadsogreisic yiewrh2 diglectric agd electrode strugture,§BRITIBE be under st ood

t hat fi dpr emb tHiSloR-168 BIe@RRHAF the hBhvegfiqass section and lines 20 17 and 18
can be in the formof fingers, ( m)re)b to therehy formthe term nals of

50 or .

an interdigital "SR BISOmetES Hey of #atherspibediment of faeieletricpnd anacitor). This
particul ar elgstR@sdruéthre bi@e frésesnveitrnges depending on the application, and
many possible _configurations can he used within the scope of the present
i nvention. M%M@@:ﬁé&@%ﬁ@% ‘are extremely thin on the order
of 200nmto 25 iMigire ITeii Eediicallyidibthble Sipivitord 10 ikhdwifcrossddetiohsSA pr ef er abl y
5nmto Q.5nm The thin tur f .these el ectrad al | ows bi asing of the
ferroel éf:tr*iquqmol'igegP@Sﬂt?lgjifsﬁd%tg’ﬁ?m%??cﬁo‘gﬁﬁ?pﬂﬂieg%%%r ence with the RF
or m cr owavferrsdlgaillayexidds depopittbinageot eleetfode 102l Assedofd biasing elddtrodehi s 1S due to
the fact t . these.thin fil ar t i nper t han..th | ectromagnetic
ki n dept h i FREHE PP of ok Bt e Mg R et Bt et ”or a0
mat eri al t hatthd RF @pavitord¢rmingls AiltefSGCr shuip liromofithiesigviernte/shoymeds 17 add el ectri c at
hi gh frequ r i Vi S ition, the
copduct iy fi}zcgtf sh{?lgde BSJe &p%lgordgﬁ‘ag ggaﬁe PRY o5 Rbpr PR L O B tiod o ARG

20 17 and 18 can be in the form of fingers (50 or more) to thereby form the terminals of

an interdigital capacitor (should the device be used as a capacitor). This particular

aspect of the lines changes depending on the application, and many possible
configurations can be used within the scope of the present invention.
The biasing electrodes 12 and 16 are extremely thin on the order of 200nm to
25 0.1nm, more preferably 50nm to 0.4 nm, and most preferably Snm to 0.5nm. The thin
nature of these electrodes allows biasing of the ferroelectric layer 14, without or with
minimal interference with the RF or microwave signal existing between terminals 17
and 18. This is due to the fact that these thin films are much thinner than the
electromagnetic skin depth of the RF or microwave signal, or may be constructed of a
30  material that is conductive at DC or low frequency, yet a dielectric at high frequency
or transparent at optical wavelengths. In addition, the conductivity of these layers can
be relatively low, as long as they are conductive enough to produce the required
electric field through the ferroelectric material layer 14. To this end, the layers do
need to be at least conductive enough (thick enough) to enable biasing. The



be relatively low, as Iong as they are conductive enough to produce the
required electric field through the ferroelectric nmaterial |ayer 14. To
this end, the layers do need to be al2| east conductlv]eg ggg gpﬁtéjhl ck
enough) to enable biasing. The | 12 17 FEB 2005 WD 02/169 S01/ 26491
conductive layers 12 and 16 may be of conductive oxides, such as tin oxide,
zinc oxi qgg oAgsts I Nndium tin oxide or maybe any el eCtl‘dTﬁﬁhl/%w?em conductive
or conductive netal or material with charge carriers at are holes or

el ectrons. Jdndudtivé lokancRsnd16 miydedf @hdictiveiozidesagnelr astid okide,izimct he range of 0.1
to 10 m crogg ably.3 to 1.5
m crons. Sul taebr“{alﬁ)dng{lrﬁ%a{? {r?lfl%b < éﬁ%@s’p r%@ﬁmﬁ%o&;&dﬁ{ﬁﬁél ude zinc

oxi de, barlmnmlsumm&umhﬂm'@wamerstl(aw‘f)despb#l@wnﬂ/ﬂ oxi de (PLZT), and
l'i t hi um ni obat e. Iﬂ?cﬁéé?ﬁ‘ﬂ{eadﬂe?ecﬂ-ﬂzl pﬁemgle % Erbaly md]ﬁp_npas a surface
crystalline structure oV d matc or near lattice match
for the ﬁatmfeably&fztoB\enqnaxyendsmqr@prb@rablwtgaéwm Suiteble The substrate does
not have ! OrhfelehiGhderfifs ¥ Y 1adePin R U Sxidd BB Ul ilmipARE - ANy [ ar ge

grai ned or ori ente gral ne strate Trom ectric |layer can

grow wit.h s@%@b@#@ﬂ'mxﬁeﬁﬁlﬂﬁ),mmé@wb@e grain boundar| es, is
Signi i canty * Bgpablioah chfbelsiuRbni el aRILSku ARk Pr opor i es of

t he devi ce. By reduced grain boundary |ayers is nmeant herein at | east

col urmar, i thef provides § latied metehcpr goag Jafiice matehlapthagateil ofthpiayersdo Bot t om to the top

of the hﬁyegmw@b&fa KTRWutREatd JoREndRhse Edlﬁfsthle cry§t18d ;%w@&' Mbstdnfi® grains are
equi axed or_ Type I? structure having at least a 1:1 width to height ratio.

Hi gher wi dtiPEts: EW("W@P‘?‘HSM o gz sybsfrate Tpnanyhichhedielectte 1w dth to
hei ghth r ﬁt | J@ydr San g%wam §h©f|¥g cr?&&llﬂnt?ﬁrﬂ{r&fu&ﬁ%xﬂf&uﬁc??ésoi? s1§1§1ﬁ<§aﬁﬂd}1 20t 1dand
even hi gher i nclu itaxial_. In effec e.deposite
mat eri al Wgﬁcﬁ‘g %‘E“tﬁlfé ﬂ%‘b‘?fgi)t‘"ﬁé’ ‘?ﬁﬁﬁ“ﬁ‘fflﬂ@d"?@ @ESF"(dH%dﬂamr el ati onships to
each subst rw:@dagrlayefqldﬁmﬂc&dﬁgatmstwﬁnwhamalde@:ibd@fmdslaﬁeﬂingl n and the
R T O s Tl
crystals. @mmd:aédu;axedmmybtdnhmmrﬂaahgatwmala&ndﬂlmkleight:smd ver and gold can
be used. T ased cr I . i t ured aI particularly
cubi ¢ struf:ﬁ’ﬁﬁ%é“%?é‘lmgﬁgﬁlgﬁ"ggwﬂ °f1e’ ﬁ?@?e éﬁl ‘iihtéﬁ’algbtd? My serve as a
azbs}] rate fpmefemaﬂl meméfergademhﬁosbfltommrankimhxgﬁérmgltoeandwknﬂmg mat eri al -
ich may ser a r a magnesi um oxi de
sap <=1;|3Ltax1a1 Re Q%ﬁe g/o%]t%ed]n?atein%lp ‘gﬁvan))has iomg aIuMVt Indy emul %1? u

(MO, (si n e cr anum m nate. Al so,
t he subgtr aﬁpémmmlaﬁOMpstoaamubmathmnldepgm% cnrtbestigdtitionef thipgraini al to single

crystal | aa%@'ihe?ithc@%?’ﬁhg%ﬁ{: g‘%kabgn%s%g%boq}gggguﬁé s%ﬁit{af%ggf materi al and the

ferroelectric materia exanples are a Silicon wafer
W th an epimagresivmg glaming pr ofhen deSitabdoRF substrates can be used if large crystals.

Similarly, conductive metals such as nickel, silver and gold can be used. Thekey is
increased crystallinity. Textured metal, particularly cubic structured metals such as
25  nickel, silver and gold, may serve as a substrate for epitaxial growth of thin films.

Single crystal material which may serve as substrates for epitaxial growth include
magnesium oxide (MgO), sapphire (single crystal alumina), and lanthanum aluminate.
Also, the substrate could be coated with a highly crystalline, biaxial to single crystal
layer of any material onto which an electrode material and the ferroelectric material
30  canbe grown. Some examples are a Silicon wafer with an epitaxy layer of Tin Oxide
or Ceria and materials such as YSZ or MgO grown via ion beam assisted deposition
(IBAD) which yields a strongly textured to single crystal layer on a wide range of
substrates including glass. Alternative to epitaxial deposition, substrate 11 may be
any material that provides a support layer for the conductive and dielectric thin films,



or Ceria and materials such as YSZ or MgO grown vi a i on beam assi sted
deposition (1BAD) which yields a strongly textured to single crystal |ayer
on a wide range of substrates incl udﬁlg gl ass. Al ternat]i ?eFE@ ] Saxi al
deposition, substrate 11 naybe any nmaterial that provides a uggg t layer
for the conductive and dielectric thin filnms, | 13 17 FEB 20.05 WO 02/ 16973
PCT/ USO1/ 264 §heist hout a particular texture or |attig&qdha7-epitaxial
materials are used for the dielectric and/or conductive 1 ayers. The

origi nalb deﬁﬂﬁbﬁtg(@ﬁtﬁ&ﬂ?wh _&1amiflaen-@)itg:@ﬂtmaﬁﬂﬁh fﬁt%&@dlfolf]ﬂlfe theI st{_ucture 10,
or may be reppved echpi gues known in the art such as selective
etghilgg o(rj d‘gfeﬁagngéa‘{?‘%(ﬁ?ﬁd“%’f’fvf yerg: ﬁedsﬁ???l?‘?{zﬁ‘?@n &Eltraiﬁfzzfgal&b 5 t;arn‘i ngl s 17
an an Biyh St off (e Stiuci W0 Srimay BY b v te \Ngetheeen T1orme or
attached. Ft?rth%rrm e, ifflhgﬁf{i qi m@ﬁeﬁogﬁé@nq@?str te is for sone
reason not fLfeen g sefestiyegiphing prdelamingtion) glter the 815 14 @ddp: exampl e a
t ext ur ed smeti@inickls a¥ anda8lasd anyy bthex ipper €uppbrt layeks(Bot hodd) liave Bden Sorgehrl ) , t he
original substrat be r ved gnd.the deposited |a ers can be adhered
or | am nat ed" HBofR Ao e PRgl SeDRiGah S K SuR RIS et hod of
deposi ti on itieppdfared final durdfpbre substiaterte (fooatafle § Rxtied petalthdwotldve | ayer 12,
whi ch invol ves_.de jtion. of .t ferroelectric Layer 14 directly on
substrate ﬂ%erfef%‘?igﬁhea leﬁaﬁﬁaggh&p?g’?%?u%g%fetnﬁi g?en@y%lmz,nﬁ)@e After the upper
| ayers ar e fdeposited layers ban te adisted at lemihdted to thelfioal substnasas ekhothend | ayer 12 is
depositegd on.t [ lcectr.j.c .l ayer ..14. B siting J r 12 after
formati ofri} ora'l t?r%gv%fg?l%&fg sz‘s{yoélru,1 vgsyaedrlgff?tg%%gfﬁ%fn% cﬁuéi\l}(g}(’? o enabl e highly
(lzzfys'lt:al i nelay_crlfedﬁddm@veaﬂ}poﬂﬁntggd&pfmgg@mchawflﬂdhwEnmigt@:t ric f! ayer .
. Figure i > ice in figure 1.
In this eng%)h%nrré%%%?e%}aegegﬁ%pggeﬁalg ngﬁgﬁg@?r%ﬁ%?&%lg@ga ﬁbr se;é’ bi asi ng
el ect rode 6zhegelstrate 1kid then temovednand layerti2 és depasitedoh ghetierioglettrgleyer 64 deposited on
top of el etk odeadiink M RIRRT AR PBE AL ROLTAP DRl S depOSi ted on top
aye : e n % G| e

of ferroelectric ] [ y conductfve 1ines that act as the RF
capaci t ol té?%*%@?@?hlgmym@mmyque@mh@@dw gowt of hefrpelediie shown as 67
and 68. In {RiSg4enbodi ment, the highly conductive lines 67 and 68 are

el ectrically connected to el ectrodes 67 and 62, respectively. As with the
previ ous enbodi rFisre 6 {lpraiss 1 fitheg embodimentPof thg devigein h-doths extrenely thin
on the or degmpdintdaf) B Bapp6xtifl dubdtate b ad ¥irkt bdGhaIEI&10de d2lMesRitedl ect rodes  al | ows

bi asing of the ferroelectric |layer 64, wthout or with mniml interference

with the RECHPD it e &xrecectds iayenp4 depesited qrdonplelaetiofe €% The 599 67 and 68. In
addi ti oo t BRsingaaebdel66Ys deposBdd dnfiepsof oMk 15RN64DThé Bh@Yy i vel y | ow, as |ong

as they are ¢ nﬁ%gc Y eno gﬁl‘to pr oduce t requjred electric field
Chr ough 1 necaPE ke e e capeEyca pipinls, Hes Gt i s of e

device are shown as 67 and 68. In this embodiment, the highly conductive lines 67

and 68 are electrically connected to electrodes 67 and 62, respectively.

As with the previous embodiment, the biasing electrodes 62 and 66 are

25  extremely thin on the order of 200nm to 0.1nm. The thin nature of these electrodes
allows biasing of the ferroelectric layer 64, without or with minimal interference with
the RF or microwave signal existing between terminals 67 and 68. In addition, the
conductivity of tilese layers can be relatively low, as long as they are conductive
enough to produce the required electric field through the ferroelectric material layer

30  14. To this end, the layers do need to be at least conductive enough (thick enough) to
enable biasing. The conductive layers 62 and 66 may be of conductive oxides, such
as tin oxide, zinc oxide, and indium tin oxide or may be any electrically semi-
conductive or conductive metal or material with charge carriers that are holes or

electrons.



30 14. To this end, the layers do need to be at |east conductive enough
(thick enough) to enable biasing. The conductive |ayers 62 and 66 may be
of conductive oxides, such as tin ox?e, zinc oxide, ahdl p@ﬁ g§ n oxide
or maybe any electrically sem - conductive or conductive nmetal or nmateri al
with charge carriers that are holes or electrons. | 14 171 FEB 2005 WO
02/16973 REJMefd/ 26491 Zinc oxide (ZnO is a prom sji{asRRdyctive oxide
for conductlve thin films in these devices as well as 1n solar cells.
Herein it is fo oxide thin
films can be enﬁgﬂbegggﬁkﬁ %lcan% %&@$mm%%%gyﬁ&&%%&¥bﬁenen gnsuch as

gal I'i um al thebatavigesas well asnldwlanvdﬂ@rl@nemﬂimi@mdﬂlettherﬂecmcxlt ures thereof. 5 The

currently pw{d%ﬂgﬁ(\%}%??%geggtﬁ%%yﬁég&gﬁjﬁ%&é9h%&g%éed i n accordance

with the present preferably has a
sheet resi selgnens uéh asigalivm 2B imini tip éndivechesneflugring and suixturesthageofr ef er abl y of

about ZOSOhﬁe&ﬁEnt@%%d% tqé%mugost preferably of about 15 ohns per
square or |ess ro hin layer preferably has a Iight 10
transm ssion of /pthinlsssdepgwisd ingesordanse witlethapresentinventianast a @BhaessThese

properties @f@schronpf%?ﬁbﬁﬁﬁl@?sﬁe&r&@ﬁﬁ&@fﬁbo@t@@'ohrﬁ?ﬁ& oftEss, PPl i cations in
general desire thinner |ayers i gher reS|stance Zinc oxi des may be

efficientl yWWWﬁaW%%WWQW@S%?OW%Q of ghouigldscri bed, for
exanpl e, | noﬂ&lﬁerfaérg&tlesé\pmﬂ%M%e%lay&%fe?e%ly%é‘ahéhhe teachings of 15

whi ch are incorpaorated herein by reference. The zinc oxide may be

appr opr i 't eFﬁ“S’E}EB%OfWe%%qV&&PF@Tﬁ?TWW?@fTI&éWPR?H%"S geofri num tin,

i ndi um  bor GiporthnesBiphéteni@kppliditidisURE SppliEE6RGH gedrhidiRsire!tiinderigyefsCVD precur sor
solution. The dopant precursor is provided at | evel s such that in the
deposi t ed t Withbigher FEsisteée nol ar ratio of Zn-to-dopant elenment is between

about 99:1 and ahﬁukxd&qn@&ee@ﬁnmbﬁoyltegaﬂ@eﬁma&phaeaﬁmo ashisonbof Zg o

precur sor vent et and about w %
It is found&[‘lﬁg’#gﬁrﬁ r]r)a@t&ﬂ’ I‘Z‘%ﬁ@éﬁf&gﬁpe E‘F‘ésc,‘gr sor sol ution
t hat cast awhish hamboxﬁoratemermytxaﬂemdagmmaé mpy aypsgiateind dopant

el enent - cont ai hem ca rs t hanol. has relatively | ow

ot 1. por freesaestyfinerecom B G Mo, AR ARk Bl Bt g { o

di et hyl fomnmmsdﬁ:rdoeoﬂtbdadhmcmpmbmob@tmemh@ahtpiecasm‘lsZS about 10 vol.
% preferably .2-5 vo b t hanol dj tion, dinethyl

f or mam de i%rx‘élg%apg eé; %80 m%tﬁ%tg?%eg?mt%ﬁf’%%ﬁﬁl ssoq 5 oﬁ’gznﬁroédg arngor chem cal s.
Any  sol ventlersansis betwednabout 89:H argisibéuy 210, h@ymaahy;{hxmtalamwmqtiwuf

pr ecur sgf - ¢ Rt A NoRGour GG HesBlver: & bHbdnABOL0.6PInd 4Bkt 5 k. Ne Present

i nventi on.

It is found that ethanol is an excellent solvent for a precursor solution that
contains both a zinc-containing chemical precursor and dopant element-containing
chemical precursor. Ethanol has a relatively low boiling point and to raise the boiling
point, it is preferred that dimethyl formamide be added at levels between about 1 and

25 about IO vol. %, preferably 2-5 vol. %, relative to the ethanol. In addition, dimethyl
formamide is a strong solvent that helps dissolve the precursor chemicals. Any
solvent system that co-dissolves the zinc-containing and precursor-containing
chemical is suitable for use in the present invention.

In figure 15, a prior art capacitor 1500 is shown. With respect to figures 15-

30 17, it should be understood that these capacitors may have a much larger number of
electrode lines (often in an interdigital arrangement), and that the main electrodes of
these capacitors have been shown in a simple form for clarity. The two conductive
fingers 1502 and 1503, carry both the RF signal, as well as the DC bias that is used to



In figure 15, a prior art capacitor 1500 is showmn. Wth respect to figures
'15- 30 17, it should be understood that these capacitors nmay have a nuch

| arger nunber of electrode |ines (of?@n in an interdi gi1tEInFEar2ﬂ§§nent),
and that the main el ectrodes of these capacitors have be o] Yn a
simple formfor clarity. The two conductive fingers 1502 and 1503, carry
both the REygd@edl, as well as the DC bias that is usgdy; 15 17 FEB 2005
WO 02/ 16973 PéT/ USO1/ 26491 change the dielectric const ans%;f?zg%mt he

ferroel ect iganbaE6ieitaOeondihEof R ERRIERL faldr 1568Y She felrGeliP erON tOP Of a
substrate 15008.E Turﬁll ng %OS;F%Oure 16,e ang her cap%gflrtor EI) ?)r of the present
i nvention i 3 shergvm top ofre splstiate IWA. to the thicker RF finger electrodes 1602
and 1604, thi nn%ﬁ%?g&g%,%ﬁﬁﬁéaﬁﬂﬁ&1%&%&1@%@5ﬁsE}{o%_' ded. These

el ectrodes 1610 and 2 are much “cl oser t‘&get her than the nain el ectrodes
1602 and 16d&madditipty the thigkeg RE finger elecyades 1492 andol 684 thinner bipsingd t hr ough t he

ferroel egt rfcioada610148G 612 B fovided NMBilesd HecRdRE1610 tndi16®) e mb@ul ts N a
greater change in the dielectric constant for a given bi as vol t age.

DC
Because t h&¥r {opgther fhyn the ainelrgiaadesto6f2 3pd 1604, tipsproviding 2 lgheeDEitt1 e or no
ef fect on t BretFfidd GRAkh thd Rrrddi@trRi6d 1606. AMhAHigh@dRSeldcbicdieldsesaiteCt ri cal Iy

connected to mai n el ectrode #PQZ, whil e biasing electrodes 1612 is

el ect ri cal | P OBRHE Chapep ip Gredigfepie paodiant Sga styetfAC bighyltags) BerfEse poth t he RF

Si gnilaoind Hﬁ&_bﬁﬁhnbbla@ioﬂ@ Meﬁy&ﬂ@,tﬁe@h_ﬁi@ﬁﬂl&l@fﬂ;\cﬁéﬁ%&@nﬂﬁi@ sighfCt Ir odes _1602h

an . 1 t he ro ar capacitor, the erroe ctr)c ayer 1s shown
on top of Qﬁh"’s ﬁgllgreg’l‘ desskod0 1s plecti ¥?°@ﬁer°@di°7“,‘“§/ﬂ?°tr8%c}lﬁﬁ%?” @Qpaci t or

ar chi tec':1 ur Biasing¥ectrédes hsmnisf el&i&ﬂlgiab@éot&ﬂ@fhajnieﬁct?dérww 'é‘ﬁi@almarpaci t2 or 1600,
except that_ t jorit e .bi asi ng el egtrodes 17 1712 are
e et ol e RRlsha o e pt Briat Pt S st Gitiin gpoces 86U, 1 L1257 E

whi | e t he aehda604 ks with thd mivesrt @peitdr) thelefod cotric faybrds shewn BGopofesi ng field is

realized, th%smpealr | el nature of the electro des 1710 and 1712 provides
| ess interattion \fn ‘h the RF 20 signal between the main electrodes 1702 and

1704. Ferr oel ectln figuré Hy get adofigh caparitertagohitectuor il 7003 sifwns Castitan1#01708. Fi gure 2

Il ustrates. an ont i cal, ) "o . oy .

structure o 5 THERb o TC0M G MRERHAT b BabiiPliosos i B0 T

mat eri al hasidrigl2are aresingedi paxslle} td themdimeleckrodsh 1703fapditi0ft.oln tisymianner, sur f ace t o act
| addi pg: | ' ' f th

as a cla 'g@é&ﬁ%dyéﬂmégfs&g%\@%@&&&%rJlﬁ%&b@lﬂaﬁn@ ﬁg{c]l. é’&‘aah%hl, ?{gp of the

substrate 2 a materia havi'ng~a hi gher ex of
ref ract i on. pacaisbhatrre ef¢herplacteqdesl 71handilAly paovidsk lgssiintethstion with the REex  of

refractign gigt%a.t DRRPeeA BR AR Rl Bs 178Parldl1704) FefR¥RGIL 106 1@4;&0% and is

patterned to form biasing electrodes 26 (simlar to t | nger-type
el ect rodes @ toppf substrate 1708.

Figure 2 illustrates an optical, steerable waveguide 20 that is similar in

structure to the capacitor of figure 1. A substrate 22 is made of a material having a
relatively low index of refraction on its surface to act as a cladding medium. A

25  waveguide layer 24 is grown on top of the substrate 22, and is made of a material
having a higher index of refraction. Conductive material having a relatively low
index of refraction is then deposited on top of the waveguide layer 24, and is
patterned to form biasing electrodes 26 (similar to the finger-type electrodes of an
interdigital capacitor). A non-conductive cladding material, also having a low index

30  of refraction, is deposited on top and between the electrodes 26. By sandwiching the
waveguide between layers of material having relatively low indexes of refraction,
light that enters the left side (for example) of the waveguide will not escape the top
and bottom of the waveguide, but will travel down the waveguide and exit at the right

. side. When a biasing voltage is applied between the electrodes (adjacent fingers



interdigital capacitor). A non-conductive cladding material, also having a
| ow i ndex 30 of refraction, is deposited on top and between the el ectrodes
26. By sandwi ching the waveguide bet ¥&en | ayers of t rp@e ?@Qq ng
relatively | ow indexes of refraction, |light that ent t side (for
exanpl e) of the waveguide wll not escape the top and bottom of the
wavegui de, 411 travel down the waveguide and ex} right side.
When a bi a‘g(?lr,l%m%l tage is applied between the el ect rocg 1( %j?acent fingers

| 16 171 FERN0S/ O RAIDBLBCFHRAL: SR BfisBhR AP0l ar i L), T he

i ndex of refraction e wavegujde material 1s changed in the vicinity

of the el ecilrBeusinity ofdheslpstrodss, diershy sgusingchrnes ip therdiregtion Gate Pt (i nto or out
of the pageofe asgeenﬁlﬁgﬁ&w)&)heq%hthB@hAgtaﬂaaﬁt%@vvﬁk%m tiough the
ug

wavegui de. In this manner % ravel in wavegui de can be
SW

"steered" tBPRF Lightiray %g’d"“ﬂ 6‘1?5‘“‘&?&”2% ‘stegied” JpResty araeed® cont rol |i ng

t he bi asisng onddnll 888 FRRLHiESby BntioliBg mleeﬁélﬁ%ﬁ@e appr@tom{e%ieeﬁddsa wavegui de
material is lithium |o at e. %}m addi SI ona SUI t ab vvavegiu de nmaterials

are PLZT (Pb/ L a/ B Pt Yavyeguigematerighis i elaﬁ GdAs and E-O
pCCC)Jl\/ >[/) mer (rjrat %i;e%{ﬁ‘ae mbtRiidleatt aizﬂewnazm &ﬁﬂleBTP&é'ﬁedJZhCé um% gxgcaog%t alt ] MyO by

i s descgribed, . for, exa , e
t eachi ngs 1%‘1‘6?‘“\%1% éﬁda?’&r nﬁ@@ﬁﬁ%@l&ﬂ}?@l}@%ﬁ’h@%f@ Wavegui de
| ayers are gfgm&fyéﬂd\yl)isl’dedch&d fbﬂuxﬂﬂmQSﬂJSfPafeﬁﬁmﬁsbgmamwchiﬂgsZ to about 10
nm crons, in the of . abo m.cron. Thi cknesses for the
bi asi ng %I e&%ﬁ’e% © LpQEPqre) gﬁvf%ﬁtﬁﬁﬁ"?‘@gﬁdqlﬁf?ﬁam%wﬁ&ﬂm Breferably 50nm
to O. 5nmthtb§ka(sabﬂrb€gd@bmm0ambbmminm tgpicallycifi tHe rhigd dfabout hi cker end of
oS M ke AR S BE BB S RS RO oL O3 1 e
i ndex ferroaidepu:&feralﬂyﬁanEtmOéhmtbnﬂtédﬂmugbminaadqunmmhméqmmm oxi de, zinc
oxi de, and Generally the conductive oxide has a
refractive |ng§%é%tﬂesg%g§)[ ween about 0.001 and about 0.5 |ower than that
of the aétive m@u&@]ﬂnldwrﬁactelnmexcoﬁdwmenmlew;anb?bmtashlbmrqvode mat eri al 20
may be Veryg&ﬁ'{h@w?% Ingteﬁg]éHn@‘?xél?ﬁhgb%véﬂ&&r%ﬁgﬂe&@cﬂhmsl I ght, in which

case the in raction o electrode 1s nom nal factor. A wi de
range of nadeseribad sboaamclb@etnwg@amnemdnmdgnm@@n@m Gemerallythe | Ni, doped

LaCr O and Y&%ch&@&@deq{ay a REGRvARLx WakinSbdhPech %lﬂm lwf%ﬁ%e{ﬂ}@% in the art may

be used to pattern these conductive layers to form i asi ng el ectrodes
in the vvavegWFﬂbantb#toﬁheF%ewgem@ﬂ@bﬂéd@ﬁﬁmﬁlbﬁ@ql%ﬁ%ﬁeﬁm% ala conti nuous

layer. The harte eRAhinkbe: Manttil dentrbGmlFiAdeR, lﬁ%ci@easé&ema& of | ower
refractive |ndex material than the active waveguid material permts the

const r uct i off refFactienRf dhsiclesteodg syamomingl fecory é%ﬂ‘?flmﬂéﬁﬂ’fﬂ%‘?qa\?éaqb&yer S
used including LSC, LSM, RuO, Pt, Ni, doped LaCrO and YBCO.

Both dry etch and wet etch techniques known in the art may be used to pattern

these conductive layers to form the biasing electrodes in the waveguide, or in the

25  preferred structure remain as a continuous layer. The fact that the waveguide
electrodes can be formed of lower refractive index material than the active waveguide
material permits the construction of waveguides with the epitaxial conductive layers
in direct contact with the active waveguide layer (as shown in figure 2). This is in
contrast to prior art devices in which metal electrodes were used, requiring a low

30  refractive index buffer layer to be interposed between the electrodes and the active
waveguide layer. With the electrodes in direct contact with the active waveguide
material, a higher electric field is formed in the E-O material layer from a set bias
voltage, thus improved refractive index biasing is achieved. Electrodes could be on
each side of the E-O layer similar to the structure of figure 1. All of the discussion of




in direct contact with the active waveguide |layer (as shown in figure 2).
This is in contrast to prior art devices in which netal el ectrodes were
used, requiring a low 30 refractive ihex buffer Iaye ?vgfﬁ gmgsrposed
betmeen the el ectrodes and the active waveguide |ayer. el ectrodes
in direct contact with the active waveguide material, a higher electric
field is f@semgsyn the E-O material layer froma set(§§@®l@ﬁpltage t hus
inproved refractive index biasing is achieved. Electrodes could be on each

side of thefiguré) isats lincBipbiatedfor tho E{0N@ye] twhe@in Wit re3p ectftbg €2,122 All of the
di scussion of .17 17 EEB 2005 WO 02/ 169 3..PCT. sFL%SOé}é‘C1 1 figure 1 is thus
i ncor por at etPuEhe ap fpsulgivg qory @veomgl}céqn e osTats fatis e bFeiiftr e 2, 22 coul d

be an insul aﬁreﬂ&uommﬂm 2Assclithat Sereiis @ ekitiod dladding blbﬁbertazkwmhlat is a lower

i ndex of ref action. such .t t here |s effective cl addi ng
surface to 92 %‘i"%ﬁ Fagg‘)év\layééﬁfu rﬁ‘}’ﬁg&wm@% m’ie’r anspar ent

cl addi ngsl ageancasmlyctbeormdﬂctale;meont&ahmom&mm&iayﬁy@nabhng@mjt| ve, or
contain 2 | Bushidly SR JRbAiLE LBY £ 0A0LIG SREkEags sston of bias

vol t age cl oser € Trequire asin ge is decreased.
Figures 3 adwdredseéhow a tunabl e opt| cal filter 30 that can be forned using

the thin fil mﬁ%&s@%ﬂ&ﬁ@@ Rer363‘lh5tec t%{l&yqﬁe of electrooptic

material 42 and transparen |ve oXl meterial 44 and 45
are formed ﬂbyxﬁimpgféthwrpsgnmnvmnrv&ltt@mmalgyeoqfeﬂegtpomﬁcmamz@nﬁer By maski ng

first ong cg en?’&n%l/eeomdggﬂf\}ﬁn{abﬂﬂég\éﬁf%a&t E;Qi%[p# gr 44, and then

maski ng the opposite comer epositing t er “TCO I ayers 45, a
path is prothesgawterigls on top ofaph anpther Bygnagkiog 8 one imen@Awhilshor t i ng out adj acent

TCO layers.4 eﬁﬁs?t&%%@t Obﬁer@f@?ﬂ Syl £, GRTRN gtﬁtec&Béslté&mmlﬁtJlﬁ@ layers are

alternately revent” depositi on the coners, if a large

number of |%@p@ﬂa@gah@thﬁé§6@ﬂab@a45 t%mm&@i%ﬁif@gh@mﬁﬁta@d%cone mat eri al
def i ci ent._apfhoseiorihPoit SIRLH U0 eraBlciise B bkt brs BAS bgD _deposi ted,

and the entire surface nmasked except for 1{{)}9\“ ously masked coner.
Deposi t itdn HO amgsmﬁwe@fmﬁquumrweﬁ%WSthﬁ%# Y BFES i t he coner

until the f‘[&g@ﬁﬁxﬂiergﬁﬁyeﬁslaiecféﬁosﬁéd,&h@&nﬂé&%ﬁldteﬁdﬁ%%m@&ateﬁhen the mask is
renoved and epo;ﬁél on_of t"‘r h refractjve index ma{tgrl al conti nues
‘Fla lak

until the |dgfigipntand sg. o edydhis &0 lpvgehas Been deppditshenette naterial is of

?‘éﬁj Ired thl&hﬁe&sacefhamae;@aﬂfomub&aoésﬁj-ﬁMMdoﬁ& Depostio@sfthy voltage to the
ayers.

refracti on b rﬂlﬁ@%"? ‘i“&?f: th ??El;[Yu F%%“%g ‘fé’“H]‘ﬁ’ftFI thl? {ngt%%ﬁl f‘%{?‘ﬁg&?flet?\r/]vegﬂdt he | ayers
of ~hi gh@nceotmeis rati@dy. Vider tiekaask & rethoved ardelbpositivd dfithe h@hlreﬁabtezewavel engt h of
Ir Ie? Ihfac: Qgt V%@eés i eﬁ'\é\Fdf‘%ﬂI?l%sD%@n tlgj{?ﬁ%igoggfgy reﬁéf}{vtggﬁhffseﬁ Cﬁ]:ar \a/tglt ?gggndappl i ed
t o t he TCO thasrial i of ddsipedi thickazss.0A voltake sotce dsupplies thebldu@tybhmm ic material is
the TCO layers. As light enters the top of the filter, reflection and refraction of the
light occurs as the light transitions between the layers of high and low relative indexes
25  of refraction. For the wavelength of light that is allowed to pass through the filter, the
refracted and reflected waves interfere constructively. By adjusting the voltage
applied to the TCO layers, the index of refraction of the electrooptic material is
changed, thereby tuning the filter to a different wavelength.
High refractive index ferroelectric materials that can be epitaxially grown
30 include PZT (Pb/Z1/Ti oxide) which may exhibit piezoelectric properties in addition
to ferroelectric properties, and barium strontium titanate (BST). When the material
also exhibits piezoelectric properties, the thickness of the electrooptic layers 42 is also
changed by the applied voltage. This change in thickness also affects the way the
refracted and reflected waves interfere, thereby changing the wavelength (and




changed, thereby tuning the filter to a different wavel ength. Hi gh
refractive index ferroelectric materiglgs that can be epitaxially grown 3o
include PZT (Pb/Zr/Ti oxide) which may exhibit piezoellegtfffB @00perties in
addition to ferroelectric properties, and bariumstrontiumtitanate (BST).
When the material also exhibits pi ezoel ectric properties, the thickness of
the el ect r wmoRi1697d ayers 42 is al so changed by the appriosd2sael t age. This
change in thickness also affects the wa %étt he refracted and reflected waves

interfere, tiFrar@py) ofhshheflomgd tomess farrgh % Taifhis end, g pipzoeleetric 2005 WO 02/ 16973

PCT/ US01/ 2648skeriaf withtFoR adhinf &- db&%@hﬂ&%&ﬁfb@@ﬁﬁﬂéﬁr&ygh the filter. To
this end, a piezoel ect mat er i th_no or nom nal E-O behavior can be

used to forma t%ﬁ‘l‘%{eﬂqylsfﬁ%ﬁ‘o?ﬂ 'mﬂ%r%nqtea%r@cam@e@laﬁﬂt pi ezoel ectric
material s CFHRQREK, ITHe 1a9&h Mos@@f&theéﬂ&e&ﬁiﬁbfﬁ&ﬁ&ﬂbe\;ﬁﬂ&idvlﬁhéﬁfes closest to the

edge of the filter can aried while the 5 r I, ni N ers of the filter
renain cosnstrﬁfﬂilm?%?@%?fﬁhe\ﬁi@r%‘%m copgtagt éa“ar}%?)mﬁ‘gngr‘srﬂls@%?ﬁg %Ave el ectrodes

?epar atfel y qla{?éeil@trb@ds@&amlyedn&onedfmhﬂeaﬁltéiaiatﬂ'samﬁmab?tfﬁ in both vvaveLength
as In figure n filte naw ect for say a band-
pass filter Y i %@W&W&"F@ ﬁ?f‘ﬂé&‘f”#@fgﬁ%yb 94 across each
dielectric pagyiter wo%nmﬁdﬂﬁroyﬁdvmétﬁﬂlgadjﬁéﬁnglthsblaﬁc&smmdméct:m‘ each E-O | ayer
is the ability t ens C |at|onsfrom|deal
in the mnu#@édﬁﬁﬁ'%?%‘géggﬁmﬁ{? ?f%ﬁcéégl?ygés qu\@bg to one or nore
active | ayercempénsitsfopdightithitimest varintions Enmadeal in the matufet@inyprocead i ons t o

| ncrease prﬁasrgaﬁl?%gebgsvoﬂg An%%%i” acuV‘é‘iéy ”l‘tfseos@l%fe% & RFAS ers, and

selected re Pndex grat ericar a ers’o rese FRventi on may
need to be g”ordlmewraucalxtoahdrweproduvﬂylebhanémnceaach Iayer isis epitaxially
grown and servesyas W ntop. An
initial substrate rré@ld%)ﬁ%ﬁa?gyaégg}elmédé%%g‘g%ﬁmgﬂ %e %P?ftﬁé)upon and

t hereafter |Psesemelmemm@bsnen©toIbnglmntle@hnﬂque@uchlcwe,teh@lupltlrscal filter, the
.conducti e Q Fﬂﬁ" Lﬂ&fcfﬁét‘éhf% g{ B wer than the
hi gher |ndex err *§°2§ﬁd§§&§g‘lﬁe rra tyf)t:hca I'n tﬁeﬁ{&an‘%ﬁ; of from about
1.4 and abomﬂalmstrmmaﬁaweﬁldssWPPQ@%WMIWIB@D@kﬁ@@Gmd the | ayers of

hi gher refr e | valokiggRout 1/4 the
wavel engt h &rﬁeﬁf 8“%‘ @erén “@Fﬁ&@w ﬁl g;uTC@ are the
pref erred ﬁﬁ?@dl hﬁséﬂeﬁaﬁé’e@éﬁﬁlﬂﬁ’m%me@@ﬁsﬂdﬁ ferraqlepfricanatasialiot ed t hat

material s tRaficafly & tQhn eBf@d%d%ﬁtqnllan@&bohﬁtgeﬂ’hela?ér@«ls’fﬁﬁ‘e%‘éﬁ‘&cu%ﬁy be used as
t he conducti've layer fg t hin enough to be transparent to the

wavel ength Bé‘rdﬁéndfq‘q lﬁi@ﬁ@ﬁmg@ﬁff f‘Wé‘ePé‘ﬁ‘efF‘FR?@Pm%Patz‘Fl tRall fhol Fhdex stack can

be conposed tfwateléiiir &Y Telipht®eing ARGRR Wl TCBE &6 tpreferedVD i s, known for

its ability to formver hi,n can ous coatin t hat are suitabl e
ymatenal for the conductt t‘ve layers, Qlt sﬁlou%l be noted that matgnsals that are not

transparent at larger thicknesses, may be used as the conductive layer if the layer is
thin enough to be transparent to the wavelength being filtered, and the remainder of
25  the low index stack can be composed of a non-conductive transparent material.
CCVD is known for its ability to form very thin continuous coatings that are suitable
to form these ultra-thin layers (on the order of 1-40 nanometers). Alternatively, a
uniform thickness E-O or piezoelectric epitaxial or reduced grain boundary layer can
be grown with thin electrodes on one or both sides. This coating layer can then be
30  adhered to similar layers with the original substrate being removed from each layer.
Each layer is then biased to yield the desired filter.
As previously described, BST is a particularly useful material for both the
ferroelectric and electrooptic thin films of the present invention. Deposition of
epitaxial BST on single crystal MgO by CCVD is described in PCT application WO



to formthese ultra-thin layers (on the order of 1-40 nanoneters).
Alternatively, a uniformthickness E-Q or piezoelectric epitaxial or
reduced grain boundary |ayer can be dPovvn with thin eI1e¢tF%§eszogp one or
both sides. This coating |l ayer can then be 30 adhered to siffl ayers
with the original substrate being renoved fromeach |ayer. Each layer is
then bi asegolygeyize!l d the desired filter. As previoushyyf@ssddbed, BST is a
particularly useful material for both the ferroelectric and el ectrooptic
thin films @b/4lzdm thé REBREs df%ﬁﬂhﬂe%om@@t?@ﬁekdiﬂ Witefofencee Bpitadidi BET BST on singl e
crystal CCQVD i s de bedln PCT. app |ct|on WO 19 17 FEB 2005 WO
02/ 16973 PCF;‘%S@&P?%’&WI’ Py a?%@pf“é“a&#?‘?ﬂ edberelfhi ch are i ncor por at ed

herelh_n by refgrelmbef&twﬂ@mﬁdnr&fﬁﬁ_rh dfd’i‘Bpitaﬁbl&ij'Itﬂepcgih_eﬂ\@c&ybﬂMDdO? c- pl ane
sapphire, as,describe rei .prefer, pESi 11,0 od for

epi t axi al Bé‘?e“&}&%é?’é’f’{ epgsition ( W@J@?‘@éﬁﬁ“"&‘f@ﬁ? ﬂ’gr pﬂi%g?-@aﬁg%@rti on (CCVD)
whi ch i s sdesigrtedokifigsi ofiwhickare Baérpoihted\l&reuﬁzyﬁﬁae&al Hov&vérhelst eachi ngs of which
are incorporated_herein.by ref.erence. ver enpl at ed t hat

ot her deposic?ﬁ'tWI{}%{ctﬁaﬁ % d@“‘&ﬁ%ﬁcqlé“sq“%bsﬁ P?ﬂdﬂ%ﬂ"“% %%1‘[ rT(]\’.éapor

deposi tion (d&pdsiion EVD)gelgeband ppysical vapolr depagiion (Bep)tedhhiques cfoféD) t echni ques

can be used 49 03| fil m; 200Q .nanpneters thick.

| mpr oved dep05| ?%’Q ap{hﬁ’ﬂﬁms%w%og e kt?m?mveag eg?rhe maxi num

t hi ckness b@e_,chmqhekinaﬁbeje@petctedmkmmasethérﬂnammmrcknesmyonm&ns mal t hi ckness for
BT LB, L iR PRSI AR Hidyesl BBt B U Rt RLpliggss, det er m ned
y the nol ecular 'size sure a cohti nuous

| ayer, the tﬂ\lﬁﬂkmmaldmcmmddepmvdbxeﬂiemaly@iarslse d'snerastidalmatter, keast  about 5

nanonet er s %mlg . Yihe BREA L aﬁrﬂ I are between
about 25 an %8%“8% grh%l?ret ers ?%%?Eﬁo?i&egi ée@éﬁlﬁ{ si%?pom ted by CCVD
on c-pl ane gbmlpﬁ|nﬂ@met¢splu§¢ tGuoentlysmespdepesits eflepitaxigt B$Tearg between | ocal i zed

regions. QXﬁJu@iﬂdnﬁ%bo‘u@fobbﬁﬁoﬁ:&eéHﬁbit antially 1,1,1. Sone of the Chemi cal
precursors useful In 2 osition of barium strontium and

titani umdare: BaWb@rﬂﬁTﬁ @P@!tPﬂyb Cherearibane sapphirendeppsitiontseepitaxigd bar i um

acet yl acet opatt iR YdsBbEregiot! @f;&:aﬁm@laﬁcé@&dbé%%%ﬁ}yﬂ 1,8, 5- ept anedi onat o) bar i um
hydrate Sr strontiumnitrate, 'strontium 2-eth &’6 héxanoat e,

bi s(2, 2, 6, 6- t et r3omePRe Chemicahprequasymasedi in CHR fob ApputAnofBEigme  Ti titani um

(I'V) iso-pr gmag{ngamdﬁgaﬁlaﬁmm (I'V) acetyl acetonate, 25 titani um
(di -iso-propoxi i(eg tylacetgnate), titanium (1V) n-butoxide, titanium

(1V) 2-e2t0hy Rex %i‘ﬁi“i&?‘?l aF‘Wn’(S"ﬁ'iede bi s(acet yl acet onat e)

arium acety acetonate hydrate,”
_ bis(2,2,6,6-tetramethyl-3, 5 eptanedionato)barium hydrate
Sr strontium nitrate, strontium 2-ethylhexanoate,
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)strontium hydrate
Ti titanium (IV) iso-propoxide, titanium (IV) acetylacetonate,
25 titanium (di-iso-propoxide)bis(acetylacetonate), titanium (IV) n-butoxide,
titanium (IV) 2-ethylhexoxide, titanium (IV) oxide bis(acetylacetonate)

Stoichiometry of the mixture of precursor chemicals, i.e., a Ba-containing precursor, a
Sr-containing precursor, and a Ti-containing precursor, all mixed together as a

30 solution in an appropriate solvent, e.g., toluene, propane, or a toluene/propane
mixture, determines the stoichiometry of the BST that is produced. The stoichiometry
of the epitaxial layer which may be produced does not necessarily correspond exactly
to the stoichiometry of the precursor solution; however, the stoichiometry of the
precursor solution required to deposit a layer of desired stoichiometry in the epitaxial

35 layer may be empirically and predictably determined. Because CCVDisa

combustion process that relies on combustion of the precursor chemicals, the oxygen



Stoi chionetry of the m xture of precursor chemcals, i.e., a Ba-containing
precursor, a Sr-containing precursor, and a Ti-containing precursor, all
m xed together as a 30 solution in anZQpproprl ate sol Ye{ht}:g%.? . t ol uene,
propane, or a toluene/propane m xture, determ nes the staoith mtry of the
BST that is produced. The stoichionetry of the epitaxial |ayer which may

be producegod9gasnot necessarily correspond exactly P&'ﬂ}]éotﬂ/ﬁﬂﬁt oi chionetry
of the precursor solution; however, the stoichionmetry o precur sor

solution re |redt sired stoi onetry in the
epi taxial 3 pto gf:%npé’}’f‘bq%ﬁ’?ﬁl?cl‘vaﬁ f)’r“élﬁ?Pé‘f"&g& °H‘§’[V€P?ﬁ ned. Because
CCVWD is a o@p&t&hbmmsmmmdld@mmﬂﬁh&eﬁbe&mwtl on of the precursor
chem cals, the o e 0 02/ 169.73 UsSpP1/ 26491 conponent
of BST corrpOundséi{ag °peﬁf)tf gf]tgef ElaBW?’Qqe %/rgb Y APR PR 5898993(3 8‘9” ot her vapor
deposi tion mmelmﬁentemamdmd;smlywmammﬂnds&mmbmthmmmmd i ed.
Character| std IOIncé tmctm \ﬁilllerelg h?c% a@%&g& |ta%aﬁ1m(§:lopants

I'C

part|cularly 3 g aree ariu trontium or
titaniumin dahalm, ﬁngsteysncbmhadgatesq Aéhmnalwbtnmtethatmbpusedmplndﬁj el enent s

i ncl ude | ea | ci nese. Additi onal
el enent s thg%mﬁﬁs/sloﬁ{ﬂltftso%%sﬂiwdé@ i ﬁ?xﬂ“m ’ﬁ%‘e}ﬁm aSSI um rubi di um
magnesi um  shefimd, umadlyummtp‘mm Chmmmmmglmbdenmtmhngm\mma@thmm ni obi um

chrom um o)y Rdeos &Eﬂ%&k#?la&ﬁ:ﬁ”&? &N@r%ﬁ%admgﬂ{’ rhodi um
iridium nlcke pa alurﬁ co zinc, ca mum rcury, 10

al um numio g@ﬂurmm, gilkiwn, indiun, umugﬁm@élimmmonr,lbwmuﬁlmdmy bi snut h and
i odi ne. The ferm%@&feeenee@e‘ciﬁ@sTﬁﬂnﬁ%aﬁgeAwmbﬁuﬁb@m&ngy substitution

of dopants which replace a mnor_ portion of "an _ion with an ion or ions
di fferent i rWhighreplacea minogpartin of amign fidh 4nHen grigns fiffarentin sizato plighhd/ or char ge.

Such an i on(cslngs 8R\aaeE stekABOARYS. Selan YA Berotlitfs e bari um i ons.

CCis slightl an the barjumion and is one 15 such ion that could

be used to ra@ Pbse@q’(safﬁlahqnuséen&u% igghieilydarger than the bagivgyionjand ispge s of +1,

Cs' can pe léﬁ&xdoﬂtﬂat@&ﬂ@texﬁﬁ&t@&ep[a@éﬁaﬁuw B&a@eBbﬁ’d’sG@alQﬁEaﬂﬂZﬂamsl on, Be 3
being a preferred ch ‘&%%mgg‘éﬂi i O Fi gur es 12 il ustrate a nethod

of forming #fab&stgapte Gg%léala“‘&%‘ﬁ’t"cﬂand’m%aanot her aspect
of the presgpdferied ViRiRdcibalancidy iby er of dielectric nat erl al 72 20 (such as

BST) is first depos on substrate .70 h|r . A layer of
phot or esi st 80 Eg“feﬁéﬁgﬂlaf"ffge %ﬁhopaﬁ%ommqﬂégcg"cagﬁfﬁf SBT‘C dielectric
| ayer 72 t hatcordiigao anothenaipett dfahe pegyeit venfibie A ayer bidicléctizfmdtdiial 72 el ectri c
material _(n d t he hot re et ched away using a
sui t abl e*%t Wﬁﬁ?swlstjﬁ%d%gﬂed bf & a?sm%@ S@%’[%sa@ps%? e&laoy\?r ?Jsed A | ayer of
conduct i ve phtteresishBO @20 fdrmeddn tagsofdimsgertions of thehi@tectric layer 72 that

are intended to remain. The remainder of the dielectric material (not covered by the

- photoresist 80) is then etched away using a suitable etchant for the particular

dielectric material used. A layer of conductive material 1000 (such as copper) is then

25  deposited on top of the structure (Figure 10). It should be noted that it is not
necessary to remove the photoresist 80 prior to depositing the conductive material
1000. The top of the conductive layer is then removed to smooth or expose the top
portion of the photoresist layer 80 to thereby form the distinct electrodes 1000 as
shoﬁvn in Figure 11. In Figure 12 the optional step of removing the photoresist 80 is

30 illustrated. It should be understood that the photoresist 80 may be left intact if it does
not excessively affect the operation of the device. In fact, the photoresist 80 may add
strength to the structure. The main advantage of this method is the reduced number
of steps to produce the device or devices. A single masking step is required, by



25 deposited on top of the structure (Figure 10). It should be noted that
it is not necessary to renove the phgioresist 80 prior to depositing the
conductive material 1000. The top of“4the conductive Ifyze m renmoved
to snooth or expose the top portion of the photoresis g)&ﬁ o t hereby
formthe di stinct electrodes 1000 as shown in Figure 11. In Figure 12 the
opt i onal % -3r enoving the photoresist 80 is 30 'féM?sb{/ ARlgd. It should
be under st oo that t he photoresist 80 naybe | eft intact It does not
excessively affect the operation of the device. In fact, the photoresist 80
may add stmﬁrp@tdmhingthem;acm&emtedﬂeothél'la&lnﬁhamakl@abmg&layérwhi s nmethod is

t he reducedu‘pvléargg ndgguvstn% l§laltore'§rvo uce the device or devices. A single
masking step I's require P EB 2005 WD 02/ 16973 PCT/ US01/ 26491
simply etching tmglrelaatlustratdeafmheeemmldmteototfheeléc&vcklandmlelbmc mask ( phot oresi st

| ayer 80), 0 ure 13 illustrates
a further er#%ﬁ?gn% ﬁt&gﬁ&g E&gtg aratdc]ith!ids flger??&gomf ucture for use in
optic and Rléiebpltibinefamldhsxteﬂdnmtdmtbedmwrbel,oohaspbwm a pointh liitlﬂeBB dielectric
material 72 ext ints 1300. By
ext endi ng t fie é@gq?rg% esli)‘(f)ogogé\r/glr%or %gﬁtéa%gs%?ﬂlt%ﬁlg éﬁe@% he dielectric,
nmore of t he applighélechis f@ldéwtwqemtht: Bleqhdddaetrmm thetd@l@m,dhqutes per meat es the
dielectric, é}egtﬁ{g?fw%?chaﬁ Etthd Heid: F{ @&g g@&q Rbontipe dielectric

ex e

constant/in raction in rro (ric/electrooptic materials. The
el ect rodes éﬂt@ele@nféqlftcyoopmémﬁ%&l%ﬂ@elehédﬁmetlﬁlalix)l & migsans ik withps  (t he
portion f bt Eab@&ﬁéﬂo&gﬁ%?ﬁf biftbotl A R ROBPREI R GGk 0des  1000)

usually O hough ot i mensions may yield
oper at i onal 10%%“@@5053%%?%&@ M%W@n%mpmtlépwuwl Figures 11, 12

and 13 over gRfdeQ " Adther adVAi¥ige 85thé ANMRhNMEST IBARRI1 QD ofl 131V6 pRibefE r 0des to t he
device. In prior_art devices, often the dielectric |ayer conpletely covers

t he subst ra@@“wéﬁWlY%édtﬁfl%?fmméF o the devéase i REler artlepises offett he diel ectric
material . SeRRicfkan1aGirebmplesl ¢hveRATheGRRPAL, )mmé'aeoa&tee&le@ﬁachdaroabl ems when

deposi ted on t f certain dielectrics uch as ST) patterning the
di el ect r¥c, ﬁg{%%&@l(ﬁm‘b’ﬂét% Smegpn “%mf)tsl&. PRE ited directly onto
t he substr &?@.t@dﬂﬁw&&r@haﬁleaﬂ&(hﬁﬁm)tbﬁp&&ﬂﬁgwt ors and the
dielectric [aye ni m.zed. Some overl.a o frees alignnent in
circuitizat Fbﬁ {ﬁ“[lﬁg‘tﬁe eStPqe e QSHIWP’J?&Q%B@’OB‘? ﬁyt’?’?‘é €onduct or and

vari abl e capsstatehaethemihesionroblehisGbtivedn thegamiuctre enbrhediclbdittlsetles can be

f dth d bi | t d. .AQ I | i st
(that shout o tSruisaeh Ahms P BB VLB PAS i Bient o by oOVD,
i ncl udesp Abpasing lowik gapstbetsteen the cdndetor andlvahabbrca;ameh@drmterml | Tighter acet at e,
silver cycl onex ANER WY ALEran béBridd iiE Feaiftin MM GRROR

A general precursor list (that should not be deemed limiting) for depositing
elements b_y CCVD, includes:

Ag  silver nitrate, silver trifluoroacetate, silver acetate, silver cyclohexanebutyrate,
25 silver 2-ethylhexanoate
Al aluminum nitrate nonahydrate, aluminum acetylacetonate, triethylaluminum,
aluminum sec-butoxide, aluminum iso-propoxide, aluminum bis(2- -
~ ethylhexanoate)monohydroxide
Au  chlorotriethylphosphine gold (I), chlorotriphenylphosphine gold (Iy
30 B trimethylborate, trimethoxyboroxine
Ba  barium 2-ethylhexanoate, barium nitrate,
barium acetylacetonate hydrate, bis(2,2,6,6-tetramethyl-3,5-
heptanedionato)barium hydrate
Bi  bismuth (III) nitrate pentahydrate, bismuth (III) 2-ethylhexonate
35 Cd  cadmium nitrate tetrahydrate, cadmium 2-ethylhexanoate




Al al umi num nitrate nonahydrate, alum num acetyl acetonate,

triethylalum num al um num sec- but oxi de, al um num i so-propoxi de, al um num
bi s(2- et hyl hexanoat e) nonohydr oxi de AB2chl orotri et hyl bh?o Elﬁ m[ﬁol d (1),

chl orotri phenyl phosphine gold (1) 30 B trinethylborate, t oxybor oxi ne
Ba barium 2-et hyl hexanoate, bariumnitrate, barium acetyl acetonate hydrate,
bis(2, 2, 6,QohsissaMet hyl - 3, 5- hept anedi onat o) bari um hygyadieldy bi smuth (111)
nitrate pentahydrate, bismuth (I11) 2-ethyl hexonate 35 Cd cadmumnitrate

tetrahydr at ge ca&amg@ngihpmm@g@noate 22 17 FEB 2005 WD 02/ 16973
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PCT/ US01/ 26491 ceriu hyl hexangate Cr chromum (l111) nitrate
nonahydr at e,Crchr Rl g@g‘gﬁ &ﬁ) ethylbsrrapate, | | | ) sulfate
hydrate, chroni ‘ 'ﬁlhy F]‘H?H“H% ’faf"?ﬂ?°ny]a@’é‘f‘wla onate 5 Cu copper
(1) 2-ethy|r§texa‘??8t¥ g&;’nﬁtﬁ' er gll) mt{uﬁgﬁ t ri hydrat.e, agﬁper (1)
acetyl aceto % Aty o fig. A &by fRPE Bkt acar bony!
cobalt (Il) nitr %{ﬁ Fe Lron c; nitrate nonahydrate, iron
(111) acetyldqcetcé’ cﬂg‘ﬁggf’mb ! %‘?b Thches & ARG um (1 | 1)
acet yl acet ondt e :ﬂ?( éﬂrﬁfﬁﬁiﬁ’%n .’HB‘%?:% e (1V) hydrate, iridium
(111) acgtybicet] “,‘@ he“c‘)‘e ¢ d’{;nlh _ iln m K1RgLassi um et hoxi de,
pot assi um t ént - by ics%ige oy .%“rg-tut‘?lém AEY S8 onat o pot assi um
La | ant hanum (I1] {t‘%] %11: e hexahydrate,
15 | ant hanum (| Ig ;1 ]",DP @?m‘g &5 W%‘Tpﬁ§ | SO- pr opoxi de,
tris(2, 2,6, 6;tet; ﬁ%?ﬁe? m%"c”) Li -
2266fetrarretmag il &oea!n ndthOX|deI|th|um
t ent - but oxi de l\/gnggglg% ot Qﬁédfonamgﬁ{n Z2Eh hyl’hexanoat e,
b1 5(2,2.6.61;20 Tk el - Ak AR SR oty hy dr at e,
magnesi um acet Y ,gglg trate hexahydrate Mo ammoni um
mol ybdat e t gf gga*m%a Eu?nna%%%%ﬂﬁ%l%&aeﬁﬁfhg%wte,blsmlwdenum (1V) dioxide
bi s(acetyl acet onglfkiny-3 ,5-heptanedionato)magnesium dihydrate, magnesium
acetylacetonate, magnesium nitrate hexahydrate
Mo ammonium molybdate tetrahydrate, molybdenum hexacarbonyl,
molybdenum (IV) dioxide bis(acetylacetonate)
Na  2,2,6,6-tetramethylheptane-3,5-dionato sodium, sodium ethoxide, sodium
25 tert-butoxide
Nb  niobium (V) ethoxide, tetrakis(2,2,6,6-tetramethyl-3,5-heptanedionato)
niobium (IV), niobium (IV) (2-ethylhexanoate)
Ni  nickel (IT) nitrate hexahydrate, nickel (II) acetylacetonate, nickel (IT) 2-
ethylhexanoate, nickel (II) napthenate, nickel carbonyl
30 P triethylphosphate, triethylphosphite, triphenylphosphite
Pb lead (II) 2-ethylhexanoate, lead naphthenate, bis(2,2,6,6-tetramethyl-3,5-
heptanedionato)lead (II), lead (IT) nitrate
Pd  diamminepalladium (II) nitrite, palladium (II) acetylacetonate, ammonium
hexochloropalladate (IV)
35 Pt platinum (II) acetylacetonate, platinum (II) hexafluoroacetylacetonate,
diphenyl(1,5-cyclooctadiene)platinum (II), diammineplatinum (II) nitrite,
tetraammineplatinum (IT) nitrate
Ru  ruthenium (III) acetylacetonate
Si tetracthoxysilane, tetramethylsilane, disilicic acid, metasilicic acid
40 Sn tin () chloride dihydrate, tin () 2-ethylhexanoate, tetra-n-butyltin,

tetramethyltin
Sr strontium nitrate, strontium 2-ethylhexanoate, bis(2,2,6,6-tetramethyl-3,5-
heptanedionato)strontium hydrate
Ti titanium (IV) iso-propoxide, titanjum (IV) acetylacetonate, titanium (di-iso-
45 propoxide)bis(acetylacetonate), titanium (IV) n-butoxide, titanium (IV) 2-

ethylhexoxide, titanium (IV) oxide bis(acetylacetonate)

tungsten hexacarbonyl, tungsten (VI) fluoride, tungstic acid

yttrium (IIT) 2-ethylhexanoate, yttrium (IIT) nitrate hexahydrate, ytirium (IIT)
iso-propoxide, yttrium (III) napthoate

s0 Yb  ytterbium (TII) nitrate pentahydrate

< g



Na 2,2, 6, 6-tetranet hyl heptane-3, 5-di onato sodi um sodi um et hoxi de, sodi um
25 tent but oxi de Nb ni obi um (V) et hoxide,

tetrakis(2, 2,6, 6-tetranethyl -3, 5- hept&%edl onato) ni obifu pﬁ) IQQ obi um
(rv) (2- ethylhexanoate) Ni nickel (Il) nitrate hexahydrae g (rr)
acetyl acetonate, nickel (11) 2- ethylhexanoate, nickel (11) napthenate,

ni ckel carygmHe30 P triethyl phosphate, triethyl phos d<B1/2649

tri phenyl phosphite Pb lead (I1) 2-ethyl hexanoate, napht ﬁenat e,
bis(2,2,6,6-tetranethyl -3,5- heptanedi onato) | ead (I I ), |l ead (11) nitrate Pd
di anm nepal Eadi winc(2tdtiylhekdnodté, @inc pitrhte hekiahydrafd, kinc setatey| acet onat e, anmoni um
hexochl or opat | aditenivpt VYY) Z28hyexqpbatt, zimeoniutnl(IV) ndbokigé, at@hinmd®d, pl ati num (11)
hexaf | uor oacet y lhaxadliiomatiylacetaiaty rcoplumi(1\b-acatyiicetonteq zitoenie VAL num (11)

di ammi nepl at i numprgpbkijle, mir¢oniutnadjnitrateatidaanm nepl ati num (11) nitrate Ru
ruthenium (111) acetyl acetonate Si tetraethoxysilane, tetranethylsilane,
disilicic acid, metasilicic acid Bfan@te¥in (I11) chloride dihydrate, tin

(I'l) 2-ethyl hexanoate, tetr Jamethyltin Sr strontium
nitrate, strontium 2-ethyl h? SIHU@@B%E%(Q?E’@G 6-tetranet hyl - 3, 5-

hept anedi onat &) is example, Brds§roldTédseoatingstwetreadepasited(onty)C-plans-Spppbip©3idde, titani um
(I'V) acetyl I d (acetyl acet onat e),
titani um (l@%@&&g@hﬁckugﬁg&tgppg?@gd&ef@fsgléuoﬂ ﬁﬁﬁﬁé’x%}il i® titanium (1V)

oxi de bil8( apretupreastaingd0.8)43\wtt ofirdn ﬁfmﬁé@mtbmﬂmhylhemgy@,en (V) fluoride,

tungstic aca9&%&&%59{9&4&4&&%&&&%&9@@%%%osyé (A’H'Rh(ll I1) nitrate

hexahydrate, yttrium (I11) 1so-propoxide, yttrium napt hoate 50 Yb

ytterbi um (PPRoxide) bis @mlffem%yaﬁwém%solwe,rﬂmlWasmpew 16973

PCT/ US01/ 26f193133%n%m5a€ana ﬁlhlaym@mgﬁb&e ?ﬁerbsns&htﬁoa»tﬁtemﬁmhydr ate, zinc
acetate Zr zirconi um 52 2- et hyl hexanoat e, zirconium (IV) n-butoxide,

zi rconi um (fobation asai 2y e ithedizonyest 4000 mlming BOpsi. (TheEaSacet yI acet onat e,

zi rconi ym (tlsﬁﬁ;erﬁure% R fose T theRAbkrbI At RirklceVBied N 90070 Exanpl e 1

Deposition of BST on Sapphire
P IIOO‘J3 BST deposgxgnwasepltamal with 1,1,1 lattice structure.

ample 2
Deposition of BST on Sapphire and Device Construction
In this example, Bay 6Sry 4Ti05 coatings were deposited onto C-plane Sapphire 377
20 nanometers thick using the CCVD process. The solution of the Bag 6Srp4TiO3
precursor contained 0.0143 wt% of Sr in the form of strontium 2-ethylhexanoate,
0.0615 wt% of Ba in the form of barium 2-ethylhexanoate, 0.0355 wt% Ti (di-i-
propoxide) bis (acetylacetonate), 12.6049 wt% toluene, 0.0118 wt% isoproponal,
1.5333 wt% 1-butanol, and 85.7412 wt% propane. The constant flow rate for the
25  solution was at 3.0 ml/min and for the tip oxygen 4000 ml/min at 80 psi. The gas
temperature as measured close to the substrate front surface was 1200°C. Deposition
was epitaxial with 1,1,1 lattice structure.
After forming the BST layer, a chromijum bond layer and a gold conductive
layer were formed on top of the BST using conventional coating methods. The
30 chromium and gold were then patterned to form two electrodes of a 50 finger
interdigital capacitor (similar in structure to layers 22 (sapphire) 24 (BST) and 26
(electrodes) in figure 2). The capacitor was tested for its adjustable capacitance by
applying a 1 MHz, 50mYV signal between the electrodes while simultaneously
applying a DC biasing voltage between the two electrodes.



In this exanple, Bao.GSro, 4Ti O3 coati ngs were deposited onto C pl ane
Sapphire 250 nanoneters thick using the CCVD process. The solution of the
Bao. 6Sro0. 4Ti 3 10 precursor contained 24 0143 wt % of Sr id F @ Z{m@ of
strontium 2-et hyl hexanoate, 0.0615 w% of Ba in the form of “baritim

2- et hyl hexanoate, 0.0355 wt% Ti (di-i- propoxide) bis (acetyl acetonate),

12. 6049 Wm¥pboiepgne, 0.0118 wt % isoproponal, 1.5333, é’i‘ﬂréhljlz <pytanol, and

85. 7412 wt % propane. The constant flow rate for the solution was at 2.0
m/mn and for Fﬂgmeﬁishnvaxl;egbamgﬂiﬁ@@rd#tfvaﬁinleanccﬂuﬁst@sbftheralacgm;erlS t enperature
as measured, n d fr 900 to 1100C
BST deposi t| h@é@g&ﬁcﬁ?ﬁn&é’r{iﬁﬁﬁeﬁgﬁe Tte t| gggse;{(?ﬁ F anple 2

Deposi ti on tie BBEY IbmSaprpmmatéh@mbcmebnt@amﬁnmdsﬁom150ﬂ (atbhilt$ exanpl e,

Bao. 6Sr 0, 4Ti jre 377 20
manonet er s ;? ﬁaggegla ?ﬁﬁﬁ&i&@% r%c%:%g%@ égkﬁpgpgﬁégé?’l he Bao. 6Sro_4Ti 03
precur sop cdirgctly pmmor@m@lltd e dlelk’stm cogytant, mhetcmcrtagcerwcmfd alsb clengd hym

2- et hyl hexaﬁmﬁ%g 0.0615 wt% of Ba in the form of barium 2-ethyl hexanoat e,
0. 0355 wmt % i'-i- propoxide) bis (acetyl acetonate), 12.6049 w %t ol uene,
0.0118 wt % i sophayserasdts test o BRE Brsywhasadteristiesafithe matgriad, ad3. ATHExigplo, propane. The
const ant flde/b%ﬁﬁtéQEogiaHﬁv%%gﬁrﬁéﬁﬂaée%ﬁvﬁﬁcuﬁ&foﬁn&ﬁ[&(tﬂalﬂaté]ﬁg for the tip

oxygen 4000 m erature as nmeasured close to the

substrate fW@fhtab@emga@@gMQV@tha@e‘p@éﬁ&h oWith p200VBEibiasiegal with 1,1, 1
| attice Gt [ b the phist s dkitlaauiBe FiSTolsPUR!loss rn6ilh BE R Dond |ayer and a

gol d conductive |ayer were fornmed on top of the BST using conventi onal

coating met ek Washeo63B. dhe Shetiyerear() githerieies wasitheestorprreasred®d to form two
el ectrodes @kg.g 5¢Q7§1),40g95d3=|53t6amghmet@fﬂ%hﬁlpgnm lar in structure to
llayers 22 (sapphire) éBST and 26 (el ectrodes) l|ugure 2). The
capaci t or vxf&gas?ré%‘?réﬂftpﬁ? W@neé?)‘}f&?tné?fﬁ“é“’églﬁ%h‘}ef"&h@éh%‘?° Bb! yi ng a 1 Mz,

50NV si gnal pagd svedaudell By Bk REbI QIR SatMiof Be MmbtefHl[IRAROYGIhYsig@dPpP! Yi ng a DC
bi asi ng vol t age _bet ween FEB 2005 WO 02/ 16973

e two el ectrodes
PCT/ US0 1} 26%%1 Of ppugigitsh @’EQ Proipderitoed thahat %PF‘F]“tZﬂFFé“F i atfgitufed ‘d‘ih‘él ectric
const ant ofﬁmﬁeom&a@wbwoﬂﬂmpaaaﬁﬁdlc&mab@aﬁdrdoﬁtadtteellstdlcén;ethe that the two
curves are nost gfulgge%c due to hysteresis within the BST). It can be seen
that the di®BPERYPPLIYERYt ant varies from 1300 to 1500 (about a 13% change)
as the applied field is varied frBmafledV/ m As the capamtance is 5

g: ;gczLéngéoE;rﬁmgggiﬁmﬁgﬂéa&%m%ﬁ&c%%t‘inrgls\(;:ver(e:gcpom edoﬂtopoti'y aCI tance would

20  alumina using the CCVD process. Polycrystalline alumina is a less expensive

substrate material, but prior art techniques to deposit BST on alumina have resulted in
significantly lower performance. . By using CCVD, a quality layer was formed. The
solution of the Bag ¢Sty 4TiO3 precursor contained 0.0143 wt% of Sr in the form of
strontium 2-ethylhexanoate, 0.0615 wt% of Ba in the form of barium 2-

25  ethylhexanoate, 0.0355 wt% Ti (di-i-propoxide) bis (acetylacetonate), 12.6049 wt%
toluene, 0.0118 wt% isopropanol, 1.5333 wt% 1-butanol, and 85.7412 wt% propane.
The constant flow rate for the solution was at 5.0 ml/min and for the tip oxygen 4020
ml/min at 30 psi. The gas temperature as measured close to the substrate front surface
was 1150°C.

30 Example 4

In this example, indium tin oxide (ITO) coatings were deposited onto sapphire

using the CCVD process. The solution of the ITO precursor contained 27.2 grams of
(0.1 wt% of In in the form of 0.1 gram of In-acetylacetonate in 27.2 grams of
toluene), 3.85 grams of (0.065 wt% of Sn in the form of 0.1 gram of tetramethyl- Sn




In a separate test to check | oss characteristics of the material, a 17.4
GHz signal was applied to a copl anar_wavegui de phase-shift structure

formed fromthe material . Wthabia%$ng vol t age of h ase was
468.1. Wth a 300VDC bi asing 10 voltage, the phase vvagﬁgggg mgt 427.3 .

The worst case | oss through the phase shifter was 0.696 dB. The
ef fectivenggs, lggg), of the device was therefore measurgd, R§66$68- 1- -
427.3) /0. 696dB 58.6/dB. The K of the material is an accurate neasurenent

of the effe 39"%& i.“ s the amount of
phase shi ft%gdtﬁ) %fBuheﬁepﬁer oe g@bﬁ%ﬂgaﬁ\&? OE&@% ma erial, divided by
t he signal E@Smob@wreﬁf%@lﬁ#@@l@ﬁ%ﬁd@lﬂd/nbemdrf@&%moﬁmenhdﬂ/mat | east part of
the loss 'Sa?éc})tﬂsi %Egéité;@efa&{%u%ﬁhﬁ@d&%&%@&bé&a{eﬁo&fs #E@aé he patterned

conductors and ‘cont act I stance t resent 1 n all devices. Exanple

3 In this eX89f0R0°Coend tederysitia g cewmdrfwoms dbfis sinedingdhe o
pol ycrystsal H@ﬁam@l&lﬁhh‘f&1§l&t¥'§f4@%h&?ﬁ‘er%@(@E)’&ﬁ%hgﬁ%ﬁ(éﬁﬁé&ﬁhm line al unina

is aless expensit ve su bstr e materi al prior art techni ques to

deposi t BST thsprghithedT @ flmmepd dhersuhsinrte wep 806 of g frpnsmissiemthropeh 8wer per f or mance.

By using CCVRBstrale Gt hymodgr was formed. The solution of the
Bao, 6Sr QATI O3 precursor contained 0.0143 wt% of Sr in the form of

strontium 2-et hyl hexanoate, 0.0615X#eHeSHf Ba in the formof barium2 25

et hyl hexanoat e, rfknid3RepWt Siibin-do éd'ﬂlﬂd%ﬁi@@@?ZO?&) ssvefe@&gafsﬂéd%ﬁ@tonat e),
12. 6049 wt % taql uene, 8 0%@18 V\K?A)ISODI’O ano aJ:HITESSSS % 1- but anol , and

85. 7412 Mt obesrslicsiealass using the GLYPpsqoess| EXR/S?I&@@OF%? GZQereeBidht i on was at 5.0
m/mn anddm:}%mﬁehqmz gﬁxﬁmg&m@&z@o witth 1), 317@%m§§1>fpﬁiacac-(¢1§gg653to eger alt ur i
as neasured _c e t he S rface .wa anpl e
In this exafph gf ‘Plrfg ’Slgr aJin‘ﬁmfﬁ%)m%&éﬁPwﬁ)s%Pﬁ é"é’ﬁ%l ted onto

sapphi reOI usmmmﬁeh&mmwpﬁteﬁf&ssoﬁﬁ;mw&m ﬂhﬂ/ﬁﬁ;aﬁdfome?ﬁ dtygat ecur s](c)r
cont ai ned 2 I 1 w%o in t 0 01 ram o

o et yl achs Ik e gRsemestafdhmenied PRy e oststentheiie s (0 065 wt % of
Sn in the fera‘?c,cnhdﬂwﬂlepgmﬁmmﬁcdnahueﬂlfmuamﬁmteSnAﬂeEMmEIﬂBmDS WD 02/ 16973
PCT/ US01/ 26491 .in 1 9 f toluene and 25 grans
of propane. ﬂ“ﬁhﬁm%oggq tﬁirifsﬁngvf&r“e %f“ﬁdflzé |on RS S E3 O mM/mn and
for the ti poﬁkylyntraﬂasm:ﬁonthrou@uhegﬁzq)ﬁlmanirﬂem@mtd\mspewdtwﬂe as neasur ed
close to th

cl 0se 10, NGRSl Sl hORbuLASR %0 0% 0305 ARSlghne deposi tion

anneal 1
transmission was 90% or higher for the composite as compared to the substrate alone

20 for wavelengths between 400 and 1200nm.

Example 6
In a CCVD process, a gallium-doped thin film was deposited on borosilicate

glass under the following conditions: Precursor solution; 2.31 g zinc 2-

ethylhexanoate and 0.88 g gallium acetylacetonate were dissolved in 400 ml of a

25 20:80 vol:vol toluene/isopropanol solution. During deposition, the substrate
temperature was 300°C, the flame temperature 1300°C, motion speed 254 cm. per
min, Nozzle temperature 230°C, tip oxygen flow rate, 5 sim. A layer 0.5 micron thick
was deposited. The thin film was annealed under a nitrogen atmosphere at 600°C for
1 hour. Measured sheet resistance was 27 ohms/square.

30 Example 7

In a CCVD process, a gallium-doped thin film vs}as deposited on borosilicate

glass under the following conditions: Precursor solution: 1.07 g zinc nitrate and 0.44 g
gallium acetylacetonate were dissolved in 200 ml of a 97:3 vol:vol ethanol/n,n-
dimethyl formamide solution. The substrate temperature was 300°C; the flame



51TOthin filmhad a resistivity of 48 ohns per square (f2/3) and the

| ight transm ssion through the ITOfilmand the substrate was 80% of the
transm ssion through the substrate wt®hout the 1 TO filnd F@&n@ﬂ]@ﬁS In this
exanpl e, galliumdoped zinc oxide (GZO coatings were deposited onto 10
borosilicate glass using the CCVD process. The solution of the GZO
precursor ned 11.42 grams of Zn-nitrate (5.0 ygk 3.76 grans of
Ga- acac (0. gg%% 412 m of Et hanol, 13.5 m of Jﬁnﬁ»ﬁy f omam de
(DMF) and 9 of acetl C The constant flowrate for the solution was
3.5 mM/nn mwet%@?%nae%éﬁl cnpjrig; Ropge (smperatpre 145G; adfider at ure as
measur ed cl @gfeh Qow Ak, BHRAS Ar5A0 BmftienD.sFmiclomIByeyREs dbposRdddfhichand the
deposi tion \(g/a% ntlnued for jgﬁ&\n es. After annealing, the GZO thin
filmwas 50 fhaqt coRistancy befyeen SOPMYPE JAUGF- 12 52/ 0. Figure 14 shows a
graph of the |igillylepitarfanoreciuced ghait tobi@hryhip k Gréfecttitd Hivélten t he substrate was
as well as the . transm ssi the strate without the GZOfilm As
can be sden deAositadigmy @F%ﬁ%ﬁ???ﬁ%ﬂg @B)oﬂ)fﬁn e@% %8¢ the conposite as
conpar ed thpﬂheatﬁubefe@te&rﬁlmelme%& ﬁmosv@mmhmmhsetbeénmmdmo and 1200nm
Example 6 | al Li.um was deposited on
borosili cat goa%qna‘sg g&%%@%‘r‘ﬁb‘iﬂl qﬁ%ﬁ%’o{’ ;\g&s”ﬂ’ ecursor sol ution:

2.31 g zinc 2- eWh@dﬂmnmﬁmmmdddacrﬂ}&hgtegﬁddfmwﬁhﬁdacetonate wer e

di ssolved in eljso sol uti on.
Duri ng depogm? Iﬁ%d@caés”tszg %usutoélem %{fh Seﬁ] ﬂ?f(?ﬁ%’ay Re" ﬁkﬁ ane
t enper atar ewﬁtBﬁﬁdbpanmng ﬁmthspt@pdoﬂ&@rqsextmp@hom rﬁonexaﬁiplbzdpﬂa:d&orper ature 230C,

P OXygen {LUebak R Bpdlfln oy h8XShon Tl CE A Yeblbuphfoglopost L ed. The

thin fil mwas annea er a“nitrogen a 1 hour.
Measur ed shhmngmﬁacspmﬂd@nmwhﬁbquq&h@mt@@lmmﬁeﬂ In a CCVD
process, a @ﬁeloﬁ_um doped thin fil mwas deposited on borosilicate glass
under- the follow ng conditions: Precursor solution: 1.07 g zinc nitrate and
0.44 g gallium acetyl acetonate were dissolved in 200 mMl of a 97:3 vol:vol
et hanol /n, n- di nethyl formam de solution. The substrate tenperature was
300C, the flane 26 17 FEB 2005 WO 02/ 16973 PCT/ USO1/ 26491 tenperature
1200; notion speed, 381 cmmn; nozzle tenperature 140C, and tip oxygen
flowrate, 1 sim A 540 umthick (0.54 mcron) |ayer was deposited which
had a sheet resistance between 12 and 13 ohns per square.




Locally epitaxial or reduced grain boundary high k dielectrics have been 5
deposited fromthickness between about O0.Inmto 10, 000nm dependi ng on the
application. Mre preferably thicknes2gs for nost appl]qap@uszwfp bet ween
100 and 10, 000nm between 200 and 3000nm and i nnost cases 300 and 1500nm
Wil e the invention has been described in ternms of certain preferred

enbodi ment‘g00 difications obvious to one with ordinary skill in the art

may be nad B t hout departing fromthe scope of F Sﬁ’r’@égént i nvention.
For exanpl e, epitaxial or reduced boundary deposition nmay be forned on
certai n pol yner sWhgas Chaimgll:ar | y t hose having surface crystallinity nmatched
to the lattice of th i i i .hereaon. ¢ 17 FEB 2005 WO
02/ 16973 PCT/ USOE'/ 26%‘9‘%%@&%&&&%6& ?r@gzg’g@“tgig’i‘}%&r’&é‘ﬁﬁg‘g‘é ’esé roni c device
for coupling or douetommiging si gnal, said device conprising: a variable
dielectric materia Lafl ., 3 .| east one biasing el ectrode for

appl ying an el ect r%‘éﬁﬁ’fg:d%fég%ﬂsﬁgt@%ﬂnaﬁe dielectric material portion to
t her eby cdhange t heatdéastonebipging elesinuie fmepphfing an electiafisidiolsaid virigblect ri ¢ mat eri al
portion; wherein sgi L ASihk . j L Q: sent a | arger

i npedance to the g%g%ﬁ+ﬁ?h%%p§g®3&®§?@a gggﬁleee%%??‘%gsér?g?%??al portion,
and i s conductive Yagiablpdiglgeiric waterpbpoytionpyeherdiect ric fiel d. 2. The variable
device of claim1, sﬁm5sﬁ§g@1e§@ddgis%€é{o£@t@ﬁr&&ﬁtra‘?&gcriﬂxp%dﬁgét\ﬁ%n 5nm and 0. 5nm

thick. 3. The variable device of claim1,” wherein said biasing electrode
has a DC resi sti viignal ban sgidiviggable dictpstric mgigraal eorfion andosoduglive e. 15 4. The

vari abl ejgdevi ce of e:féhéftghoéwl wbhacsickemal d bi asing el ectrode has a DC
resistivity of between | g’?lsquare and | M2/ square. 5. The vari abl e device

of claim1, wher®in J4%rishledavicyokdain ., thgwin said biagingalesirodeom a material t hat
is a mxed condugbéweenBnm HE0 S thidkl € device of claiml1l, wherein said

bi asing electrode is,_, 20 fqoroped from terial, that i s predom nately an
i oni ¢ conductor.>7. Thevapd ?%P&Céo{fgﬁwg@q%ﬁﬂméﬁlﬁi’ﬁf%gé%{%gﬁ? sai d bi asing
el ectrode is f ODORSistivity o Getwiseh €00/Rfuart Rl 0MEYsquge M conductor. 8. The
variable device pf chal Milme JORE S dhis B vehetdinisia Bilsicy ek 8% o S

DC resistivity of between 100)/square and 1MQ/square.

5. The variable device of claim 1, wherein said biasing electrode is

formed from a material that is a mixed conductor.

6. The variable device of claim 1, wherein said biasing electrode is
20 formed from a material that is predominately an ionic conductor.
7. The variable device of claim 1, wherein said biasing electrode is

formed from a material that is a semiconductor.
8.  The variable device of claim I, wherein said biasing electrode is
formed from a material that is a conductive oxide.

25 9. The variable device of claim 1, wherein said biasing electrode is

formed from a material that has reduced grain boundaries or is epitaxial.

30



formed froma material that is a conductive oxide. 25 9. The variable
device of claiml1l, wherein said biasing electrode is fornmed froma
materi al that has reduced grain bound28ies or is epitaxial. 30 28 17 FEB
2005 WO 02/ 16973 PCT/ US01/26491 10. A variable el ectrdni klviesf or
coupling or nodifying a signal, said device conprising: a variable
dielectric_material portion; and at |east one biasing el ectrode for

appl ying aRC&¥¥8ric field to said variable 5 diel eRi¥yS8V%#erial portion

to thereby changg t hgvggagﬂe%feg%(jn%_d&q&sf&%&;pﬁ%(?rté%giﬁﬁg(ga“i&m &idielectric

material portion; wherein sal iasing ele as a resistance to the
signal that is &¢vVitecamprisf®y, greater than the DC resistance of a netal

el ectrode, but has, e i@shRIBRAR podBRWAd €qual to the DC resistance of a
metal electrode. 10 .11. The vari abl'e device of claim 10, wherein said

bi asi ng el ect r ode shigast ane biasiag sledradedon applying anssleshisifieldfipgaidivariable | east 100%

greater than theijeldirit Baiefill P0Ei6n BheRby Sk theRchEhit @8lBtant bPthe The vari abl e
device of claim 10, wherein said hiasing el ectrode has a resistance to the

signal that is Aiablesidectigmpiersl@ettions "iti&A t he DC resistance of a 15 netal
el ectrode. 13. A \aifl bithSeanblchad a asR6tb R sfzhd thanslitfisastngsan optical signal

as it travels through .d wavequj de, .sai d vegui conprising: an

el ectroopti cal Wté’rtgﬁitﬁ%éef‘?s ,£8W%°F@§§¥:%W %‘ggﬁlﬁg)"él ectrode within
1 micron of sai dbst @uiltehpDCGedstanctQf Ambaldedtrodeor ti on for applyi ng an
electric field sal.d el ectrqopti.cal terial .to change.the refractive

i ndex of’t he el égt ro tVF‘??S‘% dﬁ’ﬁ?egﬁflgﬁlomﬁe&%db?&%gﬁ“g@hﬁﬁa el ectrode has
an i ndex of ref eaistahcero thevignal thitasat tehse 10000goated thaii thé DEGtsistanceaf asai d

el ectrooptical ma e&i %I dlfﬁorti on and is conductive enough to apply the

electric field. ™ . e variabl e optical waveguide of claim 13, wherein
said at | east omz [ihasariabledbwietof dam 10.svirctjnesaid biasisgéelebtradechat # oopt i cal

Sai d byasing  oresers it stRLbAR R LBl RO ReaR A 1 Var et
opti cal !svavegui thetabdlectbdei m 13, wherei n sai d biasing
13. A variable optical waveguide for modifying an optical signal as it
travels through said waveguide, said waveguide comprising:
an electrooptical material portion; and
at Jeast one biasing electrode within 1 micron of said electrooptical
20 material portion for applying an electric field to said electrooptical
material to change the refractive index of the electrooptical material; wherein
said biasing electrode has an index of refraction lower than the index
of refraction of said electrooptical material portion and is conductive enough
to apply the electric field.
25 14, The variable optical waveguide of claim 13, wherein said at least one
biasing electrode is adjacent said electrooptical material portion.
15.  The variable optical waveguide of claim 13, wherein said biasing
electrode is between 2000nm and 0.1nm thick.
16.  The variable optical waveguide of claim 13, wherein said biasing
30 electrode is between 50nm and 0.5nm thick.
17. The variable optical waveguide of claim 13, further comprising a
substrate supporting said electrooptical material portion, wherein said at least
one biasing electrode is at least in part between said electrooptical material

portion and said substrate.



30 electrode is between 50nm and O0.5nmthick. IT The variabl e optical
wavegui de of claim 13, further conpriging a substrate supporting said

el ectrooptical material portion, wher€¥n said at | east i AasiNg
el ectrode is at least in part between said el ect roopti1::rl)?ggjﬁequdéln portion
and said substrate. 29 17 FEB 2005 WD 02/ 16973 PCT/ US01/ 26491 18. The

vari abl e oppipfiRbzWavegui de of claim 13, wherein sai dpbi@gie €l ectrode is
i norganic. 19. The variabl e optical waveguide of claim 13, wherein said

thin film biasing electrqde i.s.an oxjde. 5 20. A tunable optical filter
that can be tune@' toT'éq‘faBai etqpaﬁ‘émvg%‘?‘%ﬁ?c%“ﬁ‘e@e‘f’lﬁ‘éﬁféﬁ%ﬁfm% particul ar
wavel engt h of | ieHatrodeSsinétgdnid t er conprising: at |east one |ayer of an
el ectroopti cal terial; d | east. .t layers af conductive materi al
adj acent opposit'€ si 6@ v@%&?aﬁtﬁalwéﬁ'e&’ffler%m @Wiﬁﬁ{’@r“ﬂﬁﬁ“ﬁ%r appl yi ng an
electric field thmsipyglectede § aebxddet r ooptical 10 nmaterial to change the
refractivye index,,of e glectr tical terial: wherein said conductive
mat eri al \gi S con?&btiégun@ﬁlg Chﬁa@io%gétba Ta{}b‘fnﬁlé%et? g&’?’rﬂ@fs@fld and is al so one
of transparent qhmﬁhbmgh@ﬁmp@ﬁnuhnwablbmgﬁgdfﬂighmaidepﬁsidghe pa_rticu! ar
wavel ength of i ghattleas%%.%e%}ét\e?oftag%%bg ﬁt:ﬁllxﬁ&?e%ialpgndd aim 20, wherein said

S ween .

bi asi ng el ectrode 1 m an 3nmthick. 22. The tunable
filter of clai m 20t leatiéwelayersd cabdiptizsmateyiabddiacent opmpesite sidespsaieen 10nm and

0. 1nm thick. 23. . ) L j [ i devi ce
conprising a sﬁb%@%?ﬂg%cﬁ %Pé,ﬂﬁr}.gg&l P%‘?écg%eg\%a{é%‘ S%figlg%og@ghl ayer, said
met hod ci@npri si mptariakto cl@zesthepfactfe indte pithé ¢lectrgoptivabinatetialivdherslmt er i al on top
of the substrate; fanosibiva aéﬁzﬁﬁ%ﬁ%&ﬁk%ﬁouﬁtﬁ%?@lﬂﬂe LigiiHeldt he dielectric

material, the photoresist l[ayer covering a portion of the dielectric
| ayer and not  @od/isrlseenepf gansearrt q5 dhin ¢no allowdragimissispofthe | ayer; 25

et ching away t he,sieaavaalihfiaef the dielectric layer; depositing a
pact { gf)hfo t%lg photoresi st and the substrate, the

conductive material on to ) si st _an
conductive materlal ms\nmgleéltqrpf@@m%mhe@wsatﬁbtaemg%qcﬁm@ phot or esi st, and
a secondsporti OfeheéMhininf @Snfeick. Ny t he substrate; and

22.  The tunable filter of claim 20, wherein said biasing electrode is

between 10nm and 0.1nm thick.

23. A method of forming an electronic or optical device comprising a

substrate, a dielectric layer and an electrode layer, said method comprising the
20 steps of’
depositing dielectric material on top of the substrate;
depositing a photoresist layer on top of the dielectric material, the
photoresist layer covering a first portion of the dielectric layer and not
covering a second portion of the dielectric layer;
25 etching away the second portion of the dielectric layer;
depositing a conductive material on top of the photoresist and the
substrate, the conductive material having a first portion on top of the
photoresist, and a second portion directly contacting the substrate; and
removing the first portion of the conductive material; wherein
30 the second portion of the conductive material remains to form the electrode
layer.
24,  The method of claim 23 wherein the step of removing the first portion

of the conductive material is performed via etching of the photoresist.



removing the first portion of the conductive material; wherein 30 the
second portion of the conductive material remains to formthe el ectrode

| ayer. 24. The nethod of claim23 wheB@in the step of rq:r’rp\fi?@ QD?jfi rst
portion of the conductive material is performed via etching of the
photoresist. 30 17 FEB 2005 WO 02/ 16973 PCT/ USO01/ 26491 25. The net hod of

claim 23 wWoghfichyst he step of renoving the first port] he conductive
mat eri al Y\g per6f8rmad via polishing of the first porfff‘z‘ﬁ."ﬂiﬂ‘ A vari abl e

el ectroni c devi cs. f prrg&@etgddioingaiﬁrz_sm%yﬂe_@@?afr&h@;ﬂfglme ﬁﬁipdr_tioﬁie?/i e
conprising: 5 a variable dielectric material portion; a.main electrode
portion for rout$f %ﬁuavswwﬁlwﬁmﬁémpwa%mf%ﬁ%m%me dielectric
portion; and at deeasi vaRsldueatinitdiedbesot dotsliag brafoddying ¥ sigal, sad el ectric field
to said variable, dielectric material portion to thereby change its

dielectric const%¥iEe OISR The variable el ectronic device of claim 26,
wher ei n 3ai d bi asi ngariakit dielbstirdrat@piagetiohs a hi gher i npedance to the signal

than the variable dielectric material. 28. .The ri abl e el ectronic device
of claim 26, wher e???mgglg‘groﬂ?%?&f"ﬁsom’eul%ﬂ%‘fnre ge F@%@T"é@b‘h v 8€1§ai d main

el ectrode porti alieleckfe padion; Bae vari abl e el ectronic device of claim 26,
wherein said main | ect r.ode rti.op has.at l.east e djnension at | east
one skin depth at %tﬁeeagtog‘?bglﬁlélg ?ﬁé’aeu@ﬁ%?ﬁg’l%@d ec@gig?%ab(*vé‘mae%ectroni c device
of claim 26, wher edieleddx mhtdnialgwitiog to thérehytchangkeitsidisleoteit venstant200nm and 0. 3nm

t hi ck. 31. Thg vaki 2.0 £ Of1] - | L. wherein said

bi asi ngzlgel ectrode i ?1 e %/tlaeeelhe g%c#ggﬁwgﬂﬁﬁ?%%kﬂ%%g The vari abl e

el ectroni ¢ devi cectsddepresintadighenihpadericn to theesigral thei the @brisbler ode porti on
includes a firstggngd:..s6eond main el ectrode; said at |east one biasing

el ectrode i ncl ucﬂlas acﬁllﬁr st and second biasing 25 electrode; said first
mai n el ectrode i28. el Eeavatiabig deptraniriiquies A ¢laimn26s whageis sajdhiasiigasi ng el ect r ode;

and sai d second R e a‘ﬂféLeB&Q?ai& ﬁaiﬁlsl@&foﬁéﬁbﬁ:lohy connected to said second
15 29.  The variable electronic device of claim 26, wherein said main
electrode portion has at least one dimension at least one skin depth at the
signal frequency.
30. The variable electronic device of claim 26, wherein said biasing
electrode is between 200nm and 0.3nm thick.
20 31.  The variable electronic device of claim 26, wherein said biasing
electrode is between 50nm and 0.1nm thick.
32.  The variable electronic device of claim 26, wherein:
said main electrode portion includes a first and second main electrode;
said at least one biasing electrode includes a first and second biasing
25 electrode;
said first main electrode is electrically connected to said first biasing
electrode; and
said second main electrode is electrically connected to said second
biasing electrode.
30 33.  The variable electronic device of claim 26, wherein:
said at least one biasing electrode includes a first and second biasing
electrode; and
said first and second biasing electrodes are on opposite surfaces of

said variable dielectric material.



bi asing el ectrode. 30 33. The variable el ectronic device of claim 26,
wherein: said at | east one biasing el ectrode includes a first and second
bi asing electrode; and said first and second biasing g c# des _are on
opposite surfaces of said variable dielectric nateriaﬂ.?l E ¥80BEB 2005
WO 02/ 16973 PCT/ US/ 01/ 26491 34. The variable el ectronic device of claim

26, \/\herei%oz§1§J7g at | east one biasing el ectrode ingll(%?jtg&mg”;i rst and
second biasing ‘el ectrode; and said first and secon asi’ng el ectrodes are

on the sane surfsace Tie valabferdddtrond deditd F cllineloewhdidie material . 35. The

vari abl e el ectronic, device of .cl ai m 26 erein said i.n el ectrode
portion and said aimdlaélﬁggfonﬁﬁg’s‘%‘aﬁﬁﬂ‘é’@hggﬁar %iém*;%e@négﬁ%% | ess than 50

m crons apart. 3ectrodegandari abl e el ectronic device of claim 26, wherein said
main 10 el ectrode rfion, and,sal.d at |.east e biasing_.electrode are
spaced | ess than f%l t&?&ﬁ?m%§§W§Fq??“ﬁ%%%ﬁ&?“@ﬁ?@%%ﬁﬁl or reduced grain
boundar yshi gh k seid ekrinbledictecttiomntethlas a | ayer on a substrate, said high k
di el ectric |ayer,.bei for di rect.l n. sai substrate. 15 38. The
material of O aini37 V@?%’eﬁgggﬁn%f@%c%qf%?%e‘?%%saé ft 100 and about
10000 nanonet er slecimde kortiGHand Fdidat henstend tadsing BlecHodé ave Pdcediws thaS0sai d | ayer is
bet ween about quq%&% bout 3000 nanoneters thick. 40. The material of

C ai m 37 wherein gaidr ayer is between about 300 and 20 about 1500
nanonet er s t hi cl36. 41TheTasgablesteetranid devife oifklaimA63Wherdiresagimaisai d hi gh k

dielectrjjc is a j.f e RG] ' rein said high
k diel ecl'lt)ri cis e%géo%ﬁn&hé%arngﬁaﬁﬁﬁlgﬁ?ana@éelgﬁ{og%%p%efqgéga of Caim 37
further conprisimgoms@pdticti ve |ines attached 25 on or near the high k

di el ectric. 44. sFne fRRYdtaPbe il BrooliGh O o sl €l eCtr i i
oped with an ion or 10nS that chande its variable dielectric properti es.
a layer on a substrate, said high k dielectric layer being formed directly on said
substrate.
15 38.  The material of Claim 37 wherein said layer is between about 100 and
about 10000 nanometers thick.
39.  The material of Claim 37 wherein said layer is between about 200 and
about 3000 nanometers thick. .
40.  The material of Claim 37 wherein said layer is between about 300 and
20 about 1500 nanometers thick.
41.  The material of Claim 37 wherein said high k dielectric is a perovskite.
42.  Thematerial of Claim 37 wherein said high k dielectric is barium
strontium titanate
43,  The material of Claim 37 further comprising conductive lines attached
25 on or near the high k dielectric.
44,  The material of Claim 37 wherein said high k dielectric is doped with
an ion or ions that change its variable dielectric properties.

45.  The material of Claim 44 wherein said doping ions are chosen from the
group consisting of lead, cesium, tantalum, calcium, tungsten, manganese,

30 lithium, sodium, potassium, rubidium, magnesium, scandium, yttrium,
zirconium, hafnium, vanadium, niobium, chromium, molybdenum,
technetium, iron, ruthenium, cobalt, rhodium, iridium, nickel, palladium,
copper, silver, zinc, cadmium, mercury, aluminum, gallium, indium, thallium,

germanium, tin, antimony, bismuth and iodine, and mixtures thereof.



45. The material of C aim44 wherein said doping ions are chosen fromthe

group consisting of |lead, cesium tantalum calcium tu ; anese,
30 lithium sodium potassium rubidi urg?2 magnesi um scaﬂ%m y um
zirconium hafnium vanadi um niobium chrom um nolybdenum technetium
iron, rutheniu cobalt, rhodium iridium nickel, palladium copper,
silver, zi W@,OZ’{%Hm um nercury, aluminum gallium i REFEIH2#Hal |ium
germanium tin, anti gl%g hi sputh and i odi.ne, and m xtures thereof. | 32

Y, ( . A
17 FEB 2005 WO 0%9-169%e metersl obgleims3y rehereingaid sybsiratis patycapstalline o ai m 37 wher ei n

sai d substrate igegpgbycrystalline ceramc. 47. The material of Caim 37
wherein said substrate is a.p nmer. . 48. A tunable or variabl e device
conprising: 5 a gtbstﬁﬁf”éteﬂﬂ\#h%’mawé’ﬁ’ﬂe’&é@?“ésql’éf“rlf%ll’ﬂl%n‘?‘mteri al on a
portion of the sufst rifusabebr vaable datd condlgigg:r odes that function as biasing
el ectrodes, the el ect%sode'ﬁ%bei ng_in direct contact with both the variable

dielectrit material® 4t ® of the substrate. 10 49. The tunable
or variabl e devi ce adfaridbleahariaBondportion of the subsrate ke fatd; @ies have a t hi ckness;

adj acent el ectrodes,are, s rat.ed by .a gap having a w.dth; and the
t hi ckness of the eleéec‘f{‘?d(%ltzlgtaf?%&%{’tasP%%%gtegeﬁ%%ﬁ’@e iF b5PEthe gap. 50. The
tunabl e or vari atiteet catadt eéth both (e 2irdabld Qiclabraic Mbtaridl b thdsudicaeftse of 15 t he

el ectrodes is atsulTbs t 100% the width of the gap. 51. The tunable or
0

vari abl e devi ce ®aim 49 wherein the thickness of the electrodes is at

| east 200% t he w#dt h Toé tundbde oy spriabld 2evickfClhinmi8biterer vari abl e devi ce of
Cl ai m 49 wherein: 4l N ctric material has a first surface in
@@glgzﬁ%da&%fea @ﬁﬁks%

contact with the 2 on 0 e substrate surface, and a second surface
opposi te the fir st adjasertgleetrodescanehepakateddly @ gintodies a widé; prdedoni nately in

contact with the Sng%{kﬁgsgo %&:ﬁ&fesis?é%ast;r %t{lyvgﬁﬂl??gl% vari abl e devi ce of

Cl aim52 wherein t el ectrodes over e secon u quace of the vari abl e
dielectric mater§lal BleimBablgior vasiskle devive 5UCIaiTHS whersinithethidmessaf | abl e devi ce of

Gl ai m 52 her ei ng¢ Q&ﬁ&&%ﬁg&@%oy&ﬁ%ﬁw&pg@econd surface of the variabl e
dielectric mat er5I lél l%Ze Emarlr)]le(:()rr 8&%516 device of Claim 49 wherein the thickness of
the electrodes is at least 200% the width of the gap.
52.  The tunable or variable device of Claim 49 wherein:
the variable dielectric material has a first surface in contact with the

20 portion of the substrate surface, and a second surface opposite the first surface;

and . .
the electrodes are predominately in contact with the substrate surface.

53.  The tunable or variable device of Claim 52 wherein the electrodes
overlap the second surface of the variable dielectric material by 25 microns.

25 54.  The tunable or variable device of Claim 52 wherein the electrodes
overlap the second surface of the variable dielectric material by 5 microns.
55.  The tunable or variable device of Claim 52 wherein the electrodes
overlap the second surface of the variable dielectric material by 1 micron.
56. A thin film of ZnO doped with a dopant selected from gallium,

30 aluminum, tin, indium, boron, and fluorine and mixtures thereof.
57.  The thin film of Claim 56 there the molar ratio of Zn to dopant-
metal(s) is between about 99:1 and about 90:10
58.  The thin film of Claim 56 on a glass substrate.
59.  The thin film of Claim 56 on a borosilicate glass substrate.



55. The tunabl e or variable device of Caimb52 wherein the el ectrodes
overlap the second surface of the variable dielectric material by 1 mcron.
56. A thin filmof ZnO doped with a d%%ant sel ected fr t]gE[:B L?UUF30

alum num tin, indium boron, and fluorine and m xtures oftU87. The
thin filmof Caim56 there the nolar ratio of Zn to dopant netal(s) is
bet ween abgyt, ;1 and about 90:10 58. The thin fil 4 56 on a gl ass
substrate. gg grzﬁe thin filmof Caim56 on a borosﬁél)l];/[gge/ﬁgﬁ]ass substrate.
33 17 FEB 2095 02 / n filmof C aimb56
wherein said do\;;éant %Gtg]éﬁﬁg&gg%%v%%ég%ﬂg%p?u-{h%aﬁlpmd ai m 56 having, at a
t hi ckness of 0. %lni ¢ Thethindilg hfEaim 56 daving 2t dhickoéss aflimicB, asheet per square or
| ess. 62. The t%ﬂstﬁnh%&? Sutﬁ%ﬁgﬁn%ﬁ?%m& at thickness of 0.5 micron, a

sheet 5 resistance o0 uare or less. 63. The thin f| I m
of O aim56 havifig, Ehethlntﬁhneﬁﬂezsé%am,sthmkeersenfo-‘amm@tsheet esi st ance of

about 15 sohns pelgsﬁﬁg@gﬁb&ﬁzd @%md%rfégsecursor sol ution conprising a

zi nc- cont ai ni ng precursor, ecursor for a dopant cont ai ni ng

el ements sel ect fr@h@ﬁ@@ﬁ’fﬂp‘mc Aaving 4t grickness of 0. Ymicron aphedhl uni num tin,

i ndi um and mXtﬁﬁ%cé&%&@koh}d@?eﬂs&ﬂ%fe%‘ﬁé?m wherein the solvent for said
precursors conprises ethanol. 65 The precursor solution according to Caim

64 wherein said %ol vémreculﬁqxrselh@p%@vﬁmgségc-ammwecméqrmﬁﬁde at a level of
bet ween about 1 @&qrs@xlq&%opé@coﬁalmnﬁleﬂaéu@s@bct&h@o&{heg:%ﬁ&hmﬁag ution

accordi n% to C aim 64 wherein said dopant precursor conprises a precursor
for gall Pum of gallium, aluminum, tin, indium, and mixtures thereof, the improvement

wherein the solvent for said precursors comprises ethanol.
65.  The precursor solution according to Claim 64 wherein said solvent
further comprises dimethyl formamide at a level of between about 1 and about
10 vol.%.

15 66.  The precursor solution according to Claim 64 wherein said dopant

precursor comprises a precursor for gallium.



