WD 2007/ 061669PCT/ US2006/ 044055 Di el ectric Media | ncl uding
Surface-Treated Metal Oxide Particles 5 Field of the Invention
"This invention relates to thin filmelectronic devices such as thin
filmtransi WoepwianeP capaci t ors and nmet hods of maki ng SRGREJS2§06/044055
_particular by ink jet printing. 10Background of the Invention

US 2005/ 0095448 Al purportedly discloses the use of core-shel
particles to formdielectric layers. Summary of the Invention
15Briefly, the present invention provides an el ectronic device,
typically a transistor or a capacitor, conprising at |east one
el ectrically conductive el ectrode and, adjacent to the electrode, a
dielectric layer; wherein the dielectric |layer conprises a polyneric
matri x and, dispersed in the polyneric ndtrix, netal oxide particles;
wherein the nmetal oxide particles have organic functional groups
coval ently bound to their surface, and 20 wherein the organjc
functional gr oupPielgcsrieMedirolneluhing Surfaesnlraated Meta) OjdeF sxticlest ri x.
The metal oxide particles typically include netals selected fromthe
group consisting of: Ti, Y, Zr, H and Si, and nost typically Ti.
Typi cal ly the organic functi onalFigldefhe Inxeation np| ecul ar wei ght of
1000 or 1ess anghahg,RG6H daibito n tHhG cld@irBME Bevices such as thin film transistors
(-0-)xQ-0-R1)y(-CH2-R2) (1) 25 where Qis Si or P=0; where each Rl is
i ndependeng&ny capgpigss aafl Peibads Hfengringprcongagiquig by ink gyeisyen, al kyl ,
and substituted al kyl; where each R2 is independently selected from
the group consisting of: hydrogen, alkyl, substituted al kyl, alkoxy,
substi 88t ed al koxy: where, whBAckarpundspf theTnvention v s 0-2 and

X+y=3; where; WaLoRsi0995ER A KphiPorteddy di¥clbses relusd Bflcord¥mell pafclesnber e
t he open ogygen val ences are coval ently 30bound to the surface of the
O

net al oxi ddéopudieleetrisdayersypi cal Iy the polymeric matrix is a matrix of
a polynmer selected fromthe group consisting of: acryl ates,

nmet hacryl ates, WD 2007/ 061669PCT/ US2006/ Q44055 epoxi es, styrenes,

f1 uoropol yners, vinyl al cohol sSasnargefthedavention no| yneric matrix nay

be crosgsglinked. Briefly, the present invention provides an electronic device, typically a transistor
ora capacitor, comprising at least one electrically conductive electrode and, adjacent to
the >electrode, a dielectric layer; wherein the dielestric layer comprises a polymeric
matrix and, dispersed in the polymeric matrix, metal oxide particles; wherein the metal
oxide particles have organic fuﬁctional éroups covalently bound to their surface, and
20  wherein the organic functional groups are not covalently bound to the polymeric matrix.
{ The metal oxide particles typically include métals selected from the group consisting of:
Ti, Y, Zr, Hf and Si, and most typically Ti. Typically the organic functional groups
have a molecular weight of 1000 or less and are according to the formula:
(-0-)xQ(-0-R1)y(-CH-R?) ¢
25  where Q is Si or P=0; where each R} is independently selected from the group

congisting of: hydrogen, alkyl, and substituted alkyl; where each R? is independently
selected from the group consisting of: hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy; where, when Q is 8i, x is 1-3, y is 0-2 and x+y=3; where, when Q is
P=0, x is 1-2, ¥ is 0-1 and x+y=2; and where the open oxygen valences are covalently
30 bound to the surface of the metal oxide particles. Typically the polymeric matrix is a

matrix of a polymer selected from the group consisting of: acrylates, methacrylates,
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I n anot her aspect, the present invention provides a printable

di spersion, typically a jet-printable dispersion, conprising: a) a
curabl e conposition and b) netal oxide 5 particles; wherein the netal
oxi de part WP &97HE%8 or gani c functional groups coval enfFYURILHYD
their surface, and wherein the organic functional groups are not
covalently bound to any part of the curable conmposition. In one
enbodi nent, the organic functional groups do not react with any part
of the curable conposition to form coval ent bonds. In one enbodi nent,
the organic functional groups nay react with the 10 curable

conposi t i oBpdx@esf ayh&pRAdrepdlyReRiEnilpdivhels b geetftest Mie puiyatalie matrix
conposition. The netal  oxide particles typically include netals

sel ect ed f FhPEREsYI¥ED consisting of: Ti, Y, zr, H and Si, and nost
tyloi Ca: ly Ti. Eﬁﬁr@ﬁi& ysg'édit,ethleli:)ﬂa’s&it(ingeuﬁ@i jnanialbsd Ppontpsle hﬁp’&?ian, typically
nmol ecul ar wei ght 000,.o0r less.and are cording to e rmul a:
(0 X o R Bl oRion sy dna bk Grvonteid thined B r

i lski lndepeggmgiey;_xﬂ@rﬁﬁmﬁ:&&mwﬁm&ﬁhﬁnﬂmuﬁv@mwsmﬁgom 'grdﬁysljdico'gEﬁtly |
al kyl, and_substituyted a ; ere eac i.s iindependen el ecte
From & ho. QPO EH Sty St gt B SR FRyTion RSPt PGCBEXPROTS

al koxy, subsiiid tetaid pat kDY curshie kempuditdh. Qnioe Snbodmbst, the 3rgayiici s 0- 2
and x+y=3;._ where, when is P=0,..x is 1- is 0-1 and x+y=2: and
where the SPWHOR PR 9%%%8% withgny 89‘% P’éﬁ‘? %Va% cﬁlgﬁﬁsdg?rbmt%ﬂ%n sur face
of the net abvoxitdenddani bed @bbodimend/the oiradicTamtiond) geaipt ery ocagtwith the
functi gnal ﬁ%gfjps ma%_reac with thg rg%rable com. Sitl L 19 folrﬁr(pn
coval ent bEHERIEFIBROTET FOSOBT COYRLETE RSt B0 SIS PieTH P Ea R Ry be
i ndependentiihy nstdl @ride gaficRettpiallg holpleaonals séleongl fdm tygoggemsisahkyl: |
substituted, l,..reacti vel ubsti tuted .al al k | oi 1.t uted
al kenyl , r(ejré’(a:J{ i%e%%i%sﬁf‘ﬂ&é@%‘f%%ﬁ% %ﬁ%ﬁalgﬁi&orﬁﬁmﬁ%ﬁc&%&l Bt

25i ndependentd y nokkalat welght cfMODh er BEand scomsoingrig thef fortwlier ogen,

al kyl, substituted alkyl, reactively substituted alkylt&glkenyl,

substituted al kenyl, reactivel §OMBEQ-RatddtHarkéhy! , " alkdxy,
substituted al koxy,. reactively substituted, alkoxy. ically the

cur abl d3cor’Es RitpSi erdes d‘@’gmrf@??ﬁz t‘%",ﬂg‘c’ﬂef‘ﬁm F’égﬁt?agﬁgﬁ‘gtﬁ%g'éu%f

pol ynmers sej I A 0f,; n

met hacryl at% 8§§£t§%§% }@éﬁ%&%&a&%ﬁ@d%ﬁﬁ%@%@?ﬂ% %1 gégé?ﬂnl@lt ﬁ%%dgf)?:%dﬁotliys
and acet at eslect®l foputhabtoap corsivios ol dydragyn.alkyd SPW&M&%ﬁbﬂc%@%i nki ng
agent. VDS%QQ)Z’&TQ@}@.@%E gEE{eHS%@Q@b%éﬂgis 1-3, y is 0-2 IndRREREHh@e PRBdn Q idhe
present invention provides a met hod of making an el ectronic devic
conpr i si ng RBr@ixeb & viixO-hand iy Tis udwdereies aiea gxigen vAlenp S L fVALIRY a
j et - prijt abl e, dispe SO ogﬁ&%éial!&aéeq)am@espﬁ@éﬁaabdm&nwafa thé Brehfiics

application: 5"printable dispersion” nmeans a di spersion contai Ql ng
essenti al | yupgiogararpgisaray react with the curable composition to form covalent bonds upon

curing of the curable composition, each R1 may be independently selected from the
group consisting of: hydrogen, alkyl, substituted alkyl, reactively substituted alkyl,
alkenyl, substituted alkenyl, reactively substituted alkenyl and each R2 may be

25  independently selected from the group consisting of: hydrogen, alkyl, substituted alkyl,
reactively substituted alkyl, alkenyl, substituted alkenyl, reactively substituted alkenyl,
alkoxy, substituted alkoxy, reactively substituted alkoxy. Typically the curable
composition includes polymers, oligomers or monomers of polymers selected from the
group consisting of; acrylates, methacrylates, epoxies, styrenes, fluoropolymers, vinyl

30  alechols and acetates. The curable composition may also include a crosslinking agent.



havi ng an average radius of greater than 0.5 mcroneter;
"jet-printable dispersion” neans a dispersion containing essentially
‘no particles having an average radius of greater than 0.2 m croneter;
"subst it ut 4? 2%9?1’8?9 for a chemical species, substitutddTHp2006/044055

. conventional 10 substituents which do not react to form coval ent
bonds with a polyneric matrix related therewith, e.g., substituents
can be al kyl, al koxy, polyethoxy, aryl, phenyl, halo (-F, -Br or -1),
hydr oxy, etc.; where substituents thensel ves may be substituted where
possi bl e; and "reactively substituted” nmeans, for a chem cal species,
substituted by Ibarotirey esHerelpresuitstventienpisvides e metmdrof ackiganf or m
covalent b i S C sition.rel ated therew th .ypon
curing of Phaall BEid EHBRicE roHRRR bR AL R eI e e
present i nyeprintable dispersiovi abeondamdp khe presentfiaedniinabl e el ectronic

devi ces and net E‘Q@Es %ﬁﬁcaqgogper sions for their manufacture. 20Detail ed
Descri ption PRGNS aspect, the present invention provides an
el ectrofi c devi Eminttlypiicpdrbipn’amtamnsiigtsionaonairdapaséitally n6 @agikiesi Ng
at | east one, . rically conductive ectrode and,, adjacent to the
el ectrode, ﬂgwgégﬁé‘fﬁmf %cra 13%/%rg,re§%?lret %}[gg fREE EFectric | ayer conprises
a pol yneri c nat Fiexpamntdble disppeios® chehns o di gpepsidnycomtaitingradsentially aptpatticles

oxi de particl.es; i N, al , 9xi.de rticles have organic
functi onal hgéig%%g%g%ﬁglrgﬁﬁ%;%gﬂ%ﬁh oo'?ﬁlérfr?ms%?’f ace, and wherein the
organi ¢ functi ofiadbsgrtsdpseane faratchemical prtiby siistinted ly ¢dneemivhyimeri c.
MatriXqg Siib&titu-le:.ms@v}fiéﬂﬁg 13054 &{}8&1? ccg\-rgfe];% gmf’é';?ﬁm':aELls gr?‘cg St tre attegl n
filnms contalning organi c sem conductor mnaterials, Uch a5 pentacenes,
or inorgan iﬂ@r@@ﬂi,@@nduhﬁmenmaelbb alkgl, aBOsY plhyatozy reylophicgh halbrFsaite
erbodi ment spr G, billbil, QI IndBNLIEARPIEACIl & 14,28 Db BURYHEAL o 1O
provide flexible circui'try for various applications. I'n sone

appl i cat i omressiblgy@nd007/ 061669PCT/ US2006/ 044055 TFT technol ogy is
expected to demepstiale. SRRl L4k, ATYIALAASONE <SRRYENN, Onal
transi stors such as | ow cost, |ow tenperature processing and

struct dfal chiesrtipidl sehptituppts véhiehdst readt ty formebvalent@osdamvitioadusbler i n

el ectrical GRRLARLL WM dkdl BeSRih =T A el ectrode. The
el ectrodes carg rrqdne of el gctri%%oﬁfgg%% qg%?t\ggblgcm?%%%'s, whi ch may
i ncl ude carbon dkis peadiagtage ohthapraserppeentign tovevide regdildmapyfacturable

electronic devices and methods and dispersions for their manufacture.

20 Detailed Description

; In one aspect, the present invention provides an electronic device, typically a
& transistor or a capacitor, comprising at least one electrically conductive electrode and,
adjacent to the ¢lectrode, a dielectric layer; wherein the dielectric layer comprises a
polymeric matrix and, dispersed in the polymeric matrix, metal oxide particles; wherein
25  the metal oxide particles have organic functional groups covalenily bound to their
surface, and wherein the organic functional groups are not covalently bound to the
polymeric matrix.
Thin film transistors (TFT’s) are FE’f’s made with thin films containing organic
semiconductor materials, such as pentacenes, or inorganic semiconductor materials,
30  such as zinc oxides. In some embodiments, the thin layers may be applied to flexible

substrates to provide flexible circuitry for various appiications. In some applications,



dielectric material separates the sem conductor froma third

el ectrode, the gate. The | ayers may be stacked in any suitable order.
In sone enbodi nents, the |layers nmay be stacked in the qr

substrate, YAFE7E¢ r ode, gate dielectric, sem conducfg?’%gzé)%ur‘%ogs and
drain electrodes. In sone enbodi nents, the |ayers may be stacked in
the order: 10substrate, source and drain el ectrodes, sem conductor,
gate dielectric, gate electrode. O her arrangenents are possible.
Thin filmcircuits may include capacitors. As with conventi onal
capacitors, a thin filmcapacitor includes a dielectric- materi al

i nt er posedTHE tasksriogyne egpeetzting dahdu;stra:to ncmpfttitvg adVatragedoas corsTienal
electronlc dev ce._acco i SOR a
dielectric TDasilseorrS %uﬁﬁéc[eg\' nc%% %’E’E Q&éﬁ 43 ?a?l%lc ‘fy coén)éé}ﬁgﬁ ve

el ectrode. The EFFEstypically 1rd:®.\decaesemdwcngn tlectting qonestenith & saneest | on
may be a TFT g 1.9 Loui t

el ement t h&f ctf()%g%ﬁ(gggmga tﬁae%tﬁ%gm e?s aPmﬁﬁgﬂgl&rﬁ%ﬁI? ‘gdr?éﬁy

have any nmatmalsm,rhleh say nm:dmk cgnbeabememhasncizarmppﬂfyplwabﬂ goid the
electronicd crdln to.th esen THRI. or a
capaci tor SR TRERT et il A RO ERER b i GRAAE 8 %&e-aﬂe,

di sper sed Iamel'slrrmyﬂmlsganbafdl io arm‘smtahl,e qnm‘ralnaomectmbpdmalm, e laywhoney bhe
metal oxi A8 DRk bl 8RN s RLOANICol MIGL 18R #J@gmﬁﬁf{@dcf‘ogtéoﬁrc@ound
to their suf ace, Where t organi ¢ 'ffuncti onal’ "groups are no

coval ent | yadsbdrai dleat:bm yﬁmbmmmbodmbm,xhe 125Annay bmsabited intheairdegxi de

S0t bt B AT sk ol RN, (lpPon i AR o PRl e

const ant oﬂt@emmgsmemwpmbb typ| cally 10 or nore, and nore

typically 15 of riiige SHILARRPLARLELAKIAE RRGIhEbARAB LAGLHSE o

transition neta epart| es may I nclude netals
of Groups Hip filsAcapapitenioclves aidirdeairic meterialgnterrecdhatiserndvigtelochicslly
30appl i cat k&mﬂcﬂ cledrog$@® Ce, As, Se, In, Sn, Sb, Te, TI, Pb, Bi and
Po. Suitable netal oxi 8e particles may i ncI ude netal s sel ect ed from
the gr&8p consi g’hq: cteginic device viccopding f4f the pyosent invention comprises a dielectric

2007/ 06166%%4&3&%3&@ LOAL35, Bl Sty AABLoETE Bobleo T e -

Sui tabl e net: particles may contain nore than one netal
el ement an@cm@anadmw preast inveniinn aphbh o RE het %Pa‘éioér?éﬁtcﬁopbéaq geantenna

oxygen. Suigf cﬁgtegegneﬂéih%naﬁ&és fdlaécm@ﬁiatéﬁ@l pﬁfe%ﬂéﬁﬁ@leﬁ@ﬁttrﬁéﬂd%
titanates suc | ead magnesi um ni obat e- |

titanate. :enptab@ruoaf blegtradep grsaler (hanaere. Supicallie Fl‘&g?éeqﬁaait?@v’ﬁ aﬁ‘f?afdmg
gr eat engt hanud. p§es€ﬁtciﬁ%5§fsm TOF 6 4 ¥phGRL! Th@&leﬁ&t?@tlfﬁkr tdanisls 2

mcrorreter sui tabl e organi c functional roups that wl
bi nd coval miMWfF@%%mﬂa ﬁ?sa‘%;féedo‘fl therolyratria m@%ﬁd@e‘ﬁgﬁ”%‘iiecl’aé%c‘%a’ hﬁﬁ’t

bi nd coval §f htaf kil \SarBAbYERE bF%aHﬁtfﬁﬁd&oHﬁ)gr&@s WsRtlertly ol oradt i ce
of the present |nvent| on. Suitable organic functional

typical |y Toripey@ndavhese BeeraanicfengienalgrounsGie vyt cpwalent Y‘QI’ES?BP‘%QIq‘?/ t he

organi ¢ fungijialmgneup falls under one of the general categories of
s 2 orsup aﬁﬂﬁ%@%@r&ﬁ%%?w%ﬁé e e Ga e peierat B prett
invention. Suitable metal oxide parncles typwally have a bulk dielectric constant of
seven or more, more typically 10 or more, and more typically 15 or more. Suitable
metal oxide particles may include transition metals. Suitable metal oxide particles may
include metals of Groups I1A, IVA, VA and VIA, including, for the purpose of this
30  application, Al, Si, Ga, Ge, As, Se, In, Sn, Sb, Te, T), Pb, Bi and Po. Suitable metal

oxide particles may include metals selected from the group consisting of: Ti, Y, Zr, Hf



where Qis Si or P=0; where each Rl is independently selected from
the group 15consisting of: hydrogen, alkyl, and substituted al kyl;
"where each R2 is independently sel ected frontthe group consi sting of:
hydrogen, aVRy¥0706Hstituted al kyl, al koxy, substitutedCAIYEBYI044055

. where, when Qis Si, xis 1-3, y is 0-2 and x+y=3; where, when Qis
P=0, x is 1-2, y is 0-1 and x+y=2; and where the open oxygen val ences
are covalently bound to the surface of the netal oxide particles. The
organic functional group will be 20 bound to the surface of a netal
oxide particle x tinmes; that is, through each open oxygen val ence. In
sone enbodamkedit aqd @:ie&y;ﬁi:au)d inclsddTi. eubaisle pend] xidQphdicRs thay lcBntaBiafigre

B R e N,
is i ndependgrgehySsaedbmmeﬁl bt apdriie eginclupe pﬂﬁﬂhﬁddﬁ@mﬁé tifeRbdaY buchn

Srbad: mont TRt fogat e st cigkh Rl BELE T The p BTk et e

cur abl es cow%mtgﬁ%ﬁxﬁ@offrwg&ﬁ&wms nh&eééte&m&e@ﬁﬁaaﬁtg ugf%r]éat@ bl e

conposi tion, each Rl may be independently selected from the group
consi sti ngﬂﬁ"}‘mmﬁ‘y’ﬁr ogen, alkyl, substituted alkyl, reactively
substituted al kyhy sﬁté&?é’ﬁféarﬁé’%ﬁ:ﬁédﬂ ups that \Qlllllﬁﬁﬁ’izwafeﬁ td 4 L.%face of

substituted al kenyl and_ each % e 1 ndependently selected from
30t he gr oupecrsidioxidepgriipies aﬁg‘@%@e covgiemily to §gpelyimenie auptar KW be used

reactivelyirsmbptacticd Fh@bieyent inv¥ich0 Bk6d BEARE T2 Q calIEé
: OXY,

al kenyl . substituted al kenyl , reactively substituted al
subst i 191t eB*% %%Rlycv!?fe%sliﬂxpé" 0% omlsss; {lypiealinfhesxganic functiona wm@lls

devi ce accandhrbge bPhk gefw@ma@g@nésrw@lmnb@ﬁhd ﬁﬂtepmkcya{msl yFﬁ&l'h} el S a
matrix of any suitable polynmer that wil]l not bind covalently to the

or gani ¢ fuﬁ@?ﬁﬁﬁ?c@nﬂr%ﬁﬁhlsﬁm eePring e dpdilade parti cl es.
Typi cal matrix pol yners n@&ﬁg(ﬁﬁe&(%&] the %gup consi sting of:

acryl ates, nethacryl ates fl uoropol yners, vinyl

al cohol s ame@c@saé&%p b Shelekaiapal swnaéb%naahplsaqeaea BB Srofd
acrylate. Typically the matrix polymer is crosslinked, but the matrix
pol ynmeis nayo:ashsttmg nﬁtl@rli;ogbm aﬁm,rams shbstikieet alﬂ:ﬂ]'h'herp SRR is iimdepevidenty
alsoprowd abe [ Si king, thin film
ol sct Font ¢ e Ben e e in P RERE ol RuitREt oty L alFRLOE: Hig koot he

present i ngetiol allene phert abéreQds Sapeﬂssi-any Bdrpandses/=3 ayhae ol &

conposi ti o, ~and 0 2 P that have oy ga

Funct s onal ToohRi Pt MR aR A Witk B BB RS AR s carelonive
particles @nwdmoghmsmfabunﬁﬂm orgd! ogudappmclas eThudngammtfmahbz;algs)up will be
descri hed \ ce as ot d_ f I QW_n i ment, the
or gani 28f urj?g |Cgt(r%a °YF r%ﬁe §§%ﬁn§‘tago gr)ftt e%b%lﬁﬁa tFIoouﬁ ﬂa"g‘ PEMof the
curabl e commgﬂnt‘damcanhh mmewmbodmams @ut» Ri. aImaoqnalembotﬁmtehB, Qus BbDeln

conposition to f coval e hopds. In one e di t he Qr ani_c
functi onal S@‘F‘Bﬁﬁ@ &%@nﬁo‘?“ggﬂ} H’%Fdf)‘&u/rﬁﬁ‘lef%g%ﬁ’?‘ SlngU(chotmﬁg D@Lﬂf abl e
conpositio r folaycTs!

coval ent bgl#gwl Sg%gﬂl %a‘g‘tﬁ?’;ﬁﬁgg‘gwﬁﬁ% g corrf)i(g)gsl%dt%tB e‘%gntg}ﬁge(ﬁ)g r%ed
enbodi ment fofm ﬂi&@rqmp&mmktmg"nfmﬁthﬂmnd tatlh@l [aﬂd RE abi 1 d{GOETsCs-)i- O

j et- prlntable dlsperS|o I n the dispersion according to the
pr esent>i nVBKES Bif, 1-1hdnenembréineshnber theprzamic fmgtians swypemay react with

CONpPOSi t i 0Rhd QRALIOBIMPRI LA 16 ForkrPo VIR Bda8s BB 6f IRikLiab0f the
present invention. Typlcal curabl e conpositions include polynmers,

ol i goners, CATAPOFIRPTS cagirR} may be independently selected from the group consisting oft
hydrogen, alkyl, substituted alkyl, reactively substituted alkyl, alkeny] substituted

alkenyl, reactively substituted alkenyl and each R2 may be independently selected from
30 the group consisting of: hydrogen, alkyl, substituted alkyl, reactively substituted alkyl,

3



25 m xtures thereof. Typical curable conpositions include polyners,

ol i goners, nononers, or mxtures thereof of polyners selected from
the group consisting of: acrylates, nethacryl ates, epoxies, styrenes,
f 1 uor opol yME}®V7481¢%1 al cohol s and acetates. In some e?ﬁ%ﬁ?%ﬂ%@?s t he
matri x polyner is an acrylate. In sonme enbodi nents, the matrix

pol ymer is a polyvinyl phenol (PVP) polyner. In sone enbodi nents, the
matrix 30 polyner is a styrene-mal ei c anhydri de copol yner such as the
nitrile-containing styrene- mal ei ¢ anhydri de copol yner described in
copendi ng published application, U S. WD

2007/ 0616 6ARXal1, 8206 DAUOTE 12204410 224 e dAllken) 1) aREHYE sertitehdratinixs,

the matri x pol r.is a,cyanonet hyl styrene. Typically curable
conposi ti o"ﬁg"t’i‘%@%&&@%‘gﬁ%a Phore crosslinking agents, but may

al t ernat el y i ndhubedevicecrassibp Bkihagrageniveniite {prpeiemndric mattntds on al so
provi des a_net had of . ing thin filmelectronic 5devices, .including
Dl ect roni cuAEY e BB P Ha T oo Rl it ARG BT R syt

t hE j ets prgmtgideand 'ﬁsmg et Bxide portidiengTHfcdl :ﬁﬁitri){ lﬁflﬂj&ﬁérs hﬂw@etsblgaed)y

ink jet printing. The dispersion.is typica applied to a substrate,
wh ch' ey SRPHEPGER P SRRE RS A e PERle sk BRI SHERSHe ol ase
ceram c anflha@tpginyideying abhels iaAd scetatdse Mibss peicallpthemmatrib@olappet ised t o
a flexible I ic subpstrate. The dispersi i.,s typically applied
" 10n pat tHAEodvERARES MabCr R SRR R PRl RR
circuit toallzengndt nabetnkehe pattern is not limted by the

fggls ta,[ f:}dd n:[. IS s Plaﬁ‘glgefjprgsncnts }nggn%?lﬂ iaissg Ejg%\gﬁ%ts}agornn%?aglcﬁdsi %Teﬁll c;[nlhuﬁseﬁ.lp] gnhrlxnglhltlé E]n on
manuf act ur Blnoéletinomic dévices,dhadoding allectratdydodes sevohlivstotthd prefdnt mvention.,

transi stors, and citars. 150hjects and advantages .Qf .this_.
venton SPEPTFRRARRHRPEoPHiEE B TRO BTVONITY BRI ¢ he
parti ICIU| ar partities ihat 1$avgn;gaawmmm&nﬁm?sbovmwwuidﬁotth@ssxréxanﬁicliees,
as well as_aof her..co t . to
ndut y 11 e R SEBROLE BFo Bt Rt uolhPil SudRhulf SRS
not ed, 13l | abbvagewrts aseoed &itosiins dnene ambodivait, thsloegaAnicofmatiodal grhups
Chem cal , i S.
Pr epar at or 3 ERhe et Soin o plfPe BE o) PERG AT ha B ABLIGE

Di sper si onany2@@ildf the ofrable sarhpositiosith forat @iveietidhrats pane epbediment, the

(avai l abl e ] . aki Cty,
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In the dispersion according to the present invention, the curable composition is
any suitable composition that may be cured to form the polymeric mairix of the present
invention. Typical curable compositions include polymers, oligomers, monomers, or

25  mixtures thereof. Typical curable compositions include polymers, oligomers,
monomers, or mixtures thereof of polymers selected from the group consisting of:
acrylates, methacrylates, epoxies, styrenes, fluoropolymers, viny! alcohols and acetates.
In some embodiments, the matrix polymer is an acrylate. In some embodiments, the
matrix polymer is a polyvinylphenol (PVP) polymer. In some embodiments, the matrix

30  polymer is a styrene-maleic anhydride copolymer such as the nitrile-containing styrene-

maleic anhydride copolymer described in copending published application, U. 8.



30 glycol trial koxysilane, was added and the m xture was heated at
95C for 1 hour in an oven, after which tinme 2.67 g
‘methyltriethoxysilane (available fromCelest Inc., WO

2007/ 06166 9RCTNVBRGOB/ 044055 Morrisville, PA) in 2.67 gPCI/US2006/044055
~ 1- met hoxy- 2- pr opanol ( DOMNOL-PM avail able from Al drich, MIwaukee,
W) was added. The m xture was stirred at 95 C overni ght The

di spersion was adjusted to 15.3% solids by evaporating or addi ng

1- net hoxy-2- propanol. 5 Preparatory Exanple B - Preparation of

Pol ymer B Polymer B is a nitrile-containing styrene-naleic

anhydri de ogpobymRi2 khatn kendgasddiheds, @Aﬁe@ bghien No.
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(nmL), three-necked flask fitted with fagnetic stirrer and nitrogen

inl et was char gé8e fiesnt Bventiqgralsasproyiiess: methpd bf making friv firosletiritie

(Aldrich) apgcd, Sk i i b i i i
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this mat er PEMRIR ghisplag “Wesidei ssol ved in 50 nL anhydrous DMAC

fol l oved by theTaddhfdn@fh Rfusd@! Q%ngﬁl}égct&)élof mpzﬁﬁ%}%@&ﬁc Q%@ glﬁﬁ&l

(Sartoner), 0.20 g hydroqui none (I.T. ker, Phill1psburg,

0.5 g N, Nés % Bimpfedgase and samasises: (Al drich). The mixture was flashed
with nigrogen apdjdAendwasnbgal oanRlinraliod At rbhed inhlhel v} \EII\]% FSRA kR ON
was allowed to cool to roomtenperature, it was poured slowmy into
1.5 L of aShis@ies buidhe pakaHer magrsls anst spruml therpotireciies in thesy ofammies, as
(VIV), GR vlenh ofiel SRBlnWhhdadREN bk fBlot 8L boidstieh to A8y it id a1 €
that forned was di ssolved in 50 ni acetone and precipitated tw ce,
first into™¥B2¥ane 30 solvent mixture as used above and then using

i sopropanol. The solid (Polynmer B) was collected by filtration and
was dried at 50C for 24 h under reduced pressure. WO

2007/ 084669PCT/ US2006/ 044055 Examples

Unless otherwise noted, all reagents were obtained or are available from Aldrich

Chemical Co., Milwaukee, W1, or may be synthesized by known methods.

Preparatory Example A — Preparation of SiQ»/Ti0> Nanoparticle Dispersion

25 214 g of a sol of silicate/titanate particles (available from Catalysts and
Chemicals Ind. Co., Ltd, Kawasaki City, Kamagama, Japan as OPTOLAKE 3) was
charged to a flask. The Optolake 3 was found by XRF to be 68.21% TiOy, 23.7%

3107, 5.92% K90 and some small amount of other elements. 7.5 g of SILQUEST A- -
1230 (available from GE Silicones, Wilton, CT), which is CHz-endcapped polyethylene

30 glycol trialkoxysilane, was added and the mixture was heated at 95°C for 1 hour in an

oven, afier which time 2.67 g methyltriethoxysilane (available from Gelest Inc.,
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(approximately 30 nmHg). Yield- 22 30g. FT-1R (filnm: 3433, 2249,
1723, 1637, 1458, 1290, 1160, and 704 cm. M (nunber average

nol ecul ar wei ght 8000 grans per nole (g/nol), rage
nol ecul ar W&} f’§61“922 000 g/mol. Tg = 105C. 5 Preparﬁ%ﬁggﬁéﬁﬁﬁg C
- Preparation of Acrylic Acid 2-(naphthal en-2- ylsulfanyl)-ethyl
ester (NSEA) The synthesis of NSEA is disclosed in copending U S
Pat ent Application Ser. No. 11/026,573, filed Decenber 30, 2004,
i ncorporated herein by reference. The 10details are as foll ows:
Atwelve liter three neck round bottomflask is equipped with a

t enper at ur dgsrinibie, Pagdhany eéfmsthvw%pr@nnblmm?éAﬁé}L@M&@@ﬂ@le from

2- t hi onaphts n - I ne_ we ded
to the flagﬂﬁkcﬁfslﬁlﬁl%uge& Eﬂ%gﬁ%’fdgf ?oﬁh@%h ﬁrlrée%sggheé}f/ g Igtrb§
1209g. of fisperaign étaﬁyquéﬁ@d @dﬁ@%a@lésmgvmmgdmmg E-mathdxge- 15
reaction mpxhig. The reaction evolved CO2. The addition took about
three hours. At the conclusion of the addition, the reaction m xture
was hel® at 95C for about twelve hours. The nixture was then cool ed
to room t eppajRLUEPEaRpld e BoLyeRlio\BipalLikRBE] On a. rotary
evaporator TO give the I nternmedrate arconol, —which is a yellow oil
that crystalli zBelymsoR iz niffile-nontaifing spireneemelais abBibidg coﬂ'diﬂnmhatumg
poi nt of thésgnﬁ@tiﬁrﬂ §|Pa2é}ltpﬁ’§hcg1}ox§§§ 2004/0222‘&2%?9 umo %EQ&F ﬁ'\ergi
round bottomflas was P{ cal
stirrer antFieeRfge ﬁ@éﬁynt@@wgs d@ﬁanﬁéh%rbm\ﬁé PFIﬁEI@plmsIWamé 188 umctmlthwvas
added 1@ tB@t%haﬁkaﬁﬁ@@gsm&gm%?f’zgmeﬁ"’%Eﬁ}io@fsn ne, 0.0lgrams each of

sal i cyl al doxi ne _and tetramet hyl phényl eénedi am ne and 430 g. of

t-butyl net hyl eteP-miifer fml). threc-neekedBprkditied with mametinstirpet and g.
acryl oyl chinpiRictans selHeMd WP g&n{sz(ﬁ} ?ﬁle&%@%in%gm mﬁnl \El‘gﬁéﬁ%ge q
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The preci pheagddet 55°C for 20 h. After the solution was allowed 1o cool to room temperature, it

was poured slowly into 1.5 L of a mixture of hexane and isopropanol (2:1,
volume:volume (v/v), GR, E.M. Science) with mechanical stirring. The precipitate that
formed was dissolved in 50 mL acetone and precipitated twice, first into the same

30 solvent mixture as used above and then using isopropanol, The solid (Polymer B) was

collected by filtration and was dried at 50°C for 24 h under reduced pressure.



15 was isolated via vacuumfiltration (Whatmann filter paper No. 1).
The danp solids were dispersed in 1-nethoxy-2-propanol (700g) to
"obtain a translucent m xture. The m xture (904g) was concentrated t
369g. 1- netWBxY78p¥opanol (311g) was added and the m>3’tcl3"f[@2“°6"“4‘"’5s

. concentrated to 273g. 1-nethoxy-2-propanol (403g) was added and the
m xture concentrated to 258g. 1-nethoxy-2-propanol (72g) was added to
obtain the 20 final m xture. The solids content was 37.1 W%
determned gravinetrically. Exanple 1 6 g of a 9.7wmt %
solution of Polymer B in 1-nethoxy-2-propanol (Dowanol PM Al drich),
3.8 g of t HerpsedimetgtyedQ inmaligh eYlnhin@Z)aﬂ i ETéRs(ﬁlmLt 8438, beoan1PrEpasAt ory
Exanpl e 25 I one; er _acr TegoRad 2250,

Gol dschni dtﬁg?f(e)‘%%gﬁ%@:oaﬁd hEERe R uRoRS a"’eﬁa% ‘gc“ﬁﬁf wiight) = 8000 grams
6-trimet hylmemzwgmmlphMnghmfprgamimdm wiigel) = ﬁdﬂ@g{ﬁa}sqlg, 105°C.
Switzerland), and 0.05 g of pentaerythritol tetraacrylate (SR444,
Sartonmer, Exton, PA) were added to a vile. This sanple was stirred
unti | héno@nmmmmnmeﬁ—fwapermntdfmmm Acif 22mApEmarter filter.
30 WD 200 £O9F LJ&%,O 4055 Exanple 2 6 gof a9 7TWm%
solution o Xy- 2- propanol (Dowanol PM Al drich),
8.876g of the silicatettitanate nanopartgl eCsol usion from
Preparatory Exanple A, 0.1_¢0 evhe pol yetjher acryl ate (TegoRad
2250, ol dschm dt Chemi cal and 0.081 @ of 2-, 4-,

-trimet hyl benzoyl - di pheny ™= pbFneoxi de (TPOL, G ba) were added to
a vial. This sanple was stirred until honbgeneous and then filtered
through a 0.2 nil&p swskasis ofiNSFe is diwiped Wmtdopendibeiis) Bai2@ A oinpitunalery

of Exanpl eb?& 1@@2@5'@3 QifledaDécg.M bdp §(9|2564 %o?ﬂor%gﬁ%%gm be)’frefgrelnc O'ﬁée

1- met hoxy- opano wanol PM “AIdr
pol yet Agr %&V’E%EF@S(C’?’@@@Rad 2250, Gol dschmi dt Chemical Corp.), and
0.2 g of 2-, 4- 5 QelveiiiBt 0NZQw) xide (
G ba) were added to a Vi gﬂééghgl S sad6|+t{ez’tl]f\;\/)g%:(Shc ?Q(ﬁl%é%d afteﬁlg E‘ Sheous
and then fiPreberwechapicel pjrenamst @ndﬁltspior?@ﬂ@g z-thwraphthmsc@mgrmleexﬁ: and
6 g of D t Al dr i

\WBhey tr1e'ﬁ13£1azﬁ?cn %ve?@%d&ﬁi’o i B Qﬂ%ﬂ@%ﬁg tl-g amlfxo 2)\/

and 5. 25 et hyl enegl ycol (60 acr
wer e added hﬁﬁecgto\f%(’ 1%/?9 O%F@faﬂ ethyilgne erbomatedvasradiied cﬂrbpwse ttcmheon
becane lbomi’éh%ﬁ@lpkhﬁcmr-gh%e CeaéRodelive g éﬁ@m'ﬂi %9%1 i {o% | ia.re L?]ur%r gm

Buhl er, Uzivil Switzerland) were a e mx
m xed for IhefoReiraEon el thy aadlﬁamth@xe@cmeamm wes hel@aw @fmfabsui twebe

pol yet her aehy! ahemik8EARAGLA2RR %&%ﬁg
0.05g of 2-, 4-, 6- trinet h?/ ben%eg;(/t:?k&%ﬁe %Eur phosp I ReOX] d&s%tfgéd

Ci ba) wer e °f‘ﬁe [FORBHEEPAIHPT thEivaithe inteanydiage sllqela:ri whigleth o willowrnstthar 30
seconds. )8Rzt hiMeghddthes AR id8 dat Dey £5Fid rﬁaﬂﬁéjp&g{ QYEE Byt

m cr Omib er was 65 Saec
A 250 ml. three neck round bottom flask was equipped with a temperature

probe, mechanical stirrer and condens;ar. 30 g. of the above intermediate alcohol was
added to the flask along with 29,7 g. triethylamine, 0.01 grams each of salicylaldoxime
and tetramethyl phenylenediamine and 430 g. of t-butylmethy! ether. The mixture was

25 heated to 40°C and 24.4 g, acryloyl chloride was added dropwise to the reaction. The
reaction mixture was held at 40°C for one hour. Then 400 grams water was added
along with five grams concentrated HC1. After shaking the mi:-»cture the organic phase
was separated and washed with a mixture of 300 grams water and 30 grams sodium

carbonate. The organic phase was then washed with a mixture of 300 grams water and

.
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Exanpl e 4 0.25 g of poly(al pha-nethyl styrene) (AVS
WVh=126, 000, Ma=133, 600, PDI =1.06, Polynmer Source, Dorval, CE,
Canada), 4.75 of cycl ohexanone (Lancaster 30Synthesis

1.63 g of WMWR2BIHGE]tt hit anate nanoparticle solution fF %WQWWB%P
2007/ 061669PCT/ US20061044055 Preparatory Exanple A were added to a
vial. The sanple was stirred at 50 C until the AVS had dissol ved,
then was filtered through a 0.45 mcroneter filter. Conparative
Exanpl e 4C (Conparative of Exanple 4) 50.25 g of

pol y(al pha- net hyl styrene) (AMS M=126, 000, Ma=133, 600, PDI =1. 06,
Pol yner Sod® egnsandiug chprigle o The yulvah svearmomecd ban casty evaByabhesiies

nad Ui Ssol Sou® §hon ol pReny R Sl Sty 2 fepb o g

Exampl e 5 yield was Py of a 40wt % solids crossli nk| ng agent in tol uene,
t he solids being 20w % 9, 9-bis(3-chl oro-4-am nophenyl)fluorine
(prepared as descri bed in U S Pat. No. 4,684,678), 64w % Epon 1001F
epoxy (ResBreparafiorPExim Prébid ) Zr OH N Boriptinle TRGRrépo Xy
(Resol ution Perfcg{gance Pr oduct;% 0. 4w % 5- am ngbenzotrjazol e
15(Lancast er SyRt4&2is8! wisqpgdejacegiding tesgie grosedyrpsdissiosed in U/S PR NS e
nanopartic t e

687699011 TR, QS ERALAIRE Yo B MIPlo70,1101 SasRS LY 5D, @

vile. This m xture was honogeneous 2and I"téred

through a Bf@p amdroeeye0sf Thé BrO; Lot @aé&@ﬁﬁ@)%@@fg&awt ive

of Exanple 5) 202 g of a 40wt % solids crosslinking ent in tol uene,

the soli dsreB%‘f‘ngeQW b/&’@"”’%ﬁr@(’@”@h@@?@-=A§-Ua‘ﬁpﬁ§'5H’eh (i pilpbie fiem GE
(prepared ssicegECWilad oM (&7, &gg%ﬁg Prc%!%b ﬂg@@élbga é@)z'zg \sﬂs%qr@ﬁ%;rJO()lF
r oauc S

epoxy (Resol ution Per f or nance

on epo
oy T ot By el e Garien. s mykors s Aavene 9L Pabet amin. A
(Lancasterz S}!dﬂﬂ)@ﬁ&l‘ G.ras J:lﬁﬁéed)mﬁﬂd Izweﬁeﬁfl‘@d{)gmm%&fergfaﬁfdmxa (Fgyanol

PM AIdrlcE,?l%lH) in a%eg his was stirred until
homogeneous ™% Ve R Flt%&‘féavaﬁ At éﬂﬂzf A9u9RYs AMEIOFIRYE MinimeRtirring.
Exanpl e 6 A white precipizat@wad foﬁné’cﬂéﬁid%ﬂﬁ%ﬂ eSsteHdB Stk REinA BB brdcipitate

t ol uen t he so}(9 gs bei ng §0wt%
300- bi L3 3- BHF BRI Vit Y8R SWgAtiom (aveiavam fiice pepcetioal). e campseliden
U S. Pat. WNere d45pe€884)n 1@%&07‘:@4%:8(@@9@0@@% BhRRAYankRE&R nitkin®) The

Per f or mance _Pr odg& 16wt % Eg&) 050
mixture ( g% ‘Was concentrated to 369g I-methoxy-2-propanol (311g) was added and

the mixture concentrated to 273g. 1-methoxy-2-propanol (403g) was added and the
mixture concentrated to 258g. 1-methoxy-2-propanol (72g) was added to obtain the
20 final mixture. The solids content was 37.1 wi%, determined gravimetrically.

Example }
6 g of a 5.7wt% solution of Polymer B in 1-methoxy-2-propanol (Dowanol PM,

Aldrich), 3.8 g of the silicate/titanate nanoparticle solution from Preparatory Example
25 A01 g.of silicone polyether acrylate (TegoRad 2250, 'Goldsc}nnidt Chemical Corp.,
Hopewell, VA), 0.078 g of 2-, 4-, 6-trimethylbenzoyl-diphenyl-phosphineoxide (TPOL,
Ciba, Basel, Switzerland), and 0.05 g of pentaerythritol tetraacrylate (SR444, Sartomer,
Exton, PA) were added to a vile. This sample was stirred until homogeneous, and then
filtered through a 0.2 micrometer filier.
30
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WO 2007/ 061669PCT/ US2006/ 044055 epoxy (Resol ution Performance
Products), 0.4w % 5-am nobenzotri azol e (Lancaster Synthesis, I|nc),
‘and 5.2 g of the silicate/titanate nanoparticle solution from

Pr epar at or YYEXWAPHESA were placed in a vial. The cont eRE3/UREPR044055

. stirred until honogeneous and then filtered through a 0.45 mcroneter
filter. Exanple 7 0.52 g of poly-4-vinyl phenol (Al drich,

Mn=20, 000), 9.5 g of cycl ohexanone (Lancaster Synthesis, Inc.), 3.43
g of the silicate/titanate nanoparticle solution from Preparatory
Exanple A, and 0.015 g of pol y(nel am ne-co-formal dehyde) (Al drich) 10
wer e added BxammleZ | e. The mi xture was sti rred unti | hormgeneous and

filtered th t | t
(Corpar at i ve_of CEekast A SHREREEplvaist B vl %%h%%aﬁ ver! P
Mr=20, 000) Aldridh),¢. wsgwmecsﬁemnnmtemﬁno;@drMeasﬁmn IEREmple

and 0.015 f CO-f were added to
a vial. Th%ée usbrﬁécnﬁ%g@g%lﬁ?r a@ﬂ’kﬁﬁﬁa ﬁgdﬁ%%%%)gnéﬂﬁ"lﬁwg Ehenpigpldprp-),

t hroughSa 6udiB.081 gobietie |6~tﬁnieﬂgrhenﬁ)y&ﬁmhal}8-pﬁ&@>gnﬁ6xzB@@%’Oﬂ, @b fwere
e e YL Mabddlio b Ol 2R K B8 o T urR RS R b sus 00 Hen Sfed dhiougt &
6-trinet hyD@enmayﬂletdlfptmenyl phosphi neoxi de (TPOL, Ciba) were added
to a vial. The sanple was m xed until honogeneous and then fil tered
through a 0.45 mcroneter filter. 25 Conparative Exanple 8C

((Conpar at i enufarfiapande 2C (Compadstivafof MSEMpld2)y of pentaerythritol

tetraag ylate (

6-tri me%(hyl benzalj-/{g%gl éﬁg{)ﬁ HE‘L Q(ile%?{%lmi 5&“"&%%8“9\@8‘”&8‘3&3&41 0
a vial. Théldinmpllel %%ofmlwede miwtherrwmngedegueamot Geldsdhnliteliethical
through a @ufp) oh£hMEISL 4] £397/08] 9PCT1 / 44055
Prepar ation gif?) Capggl tors é{rﬁﬁe%ﬁ%mcgw qT meo C#J%f)%@g 8

sim | ar namstsraddet mreggel dings sefopk W€sﬁdtﬁiadAe®lam)nomospaﬁdmmﬂItﬁad o the
surface of 4342108 6 WY m2eP glass slide (Precision dass),

fol | owed by %%0 Angstlr o]rlrlsteoﬁlt%n (WIllianms Advanced Materials). The Au
surfacé’5 was cl eaned sequentially with acetone (JT Baker), |PA (JT
Baker) , cyater wash and then blown dry. 1-2 nL of the

di el ectrlc‘m'gk‘rb to be tested was placed on the Au surface,

conpl et el y covepigred Aveatead g Phbmpittepsy-2rppraoli3oveppuhPlel; Afdrich}, end 5.25
petween 4090y ik AonyRMfy 081t lbrpiae (it 181k BRD 4 &8 AhAY 165 8! HRYS:

In the case Exanp
mlxture was stlrred untﬂ the solution became homogeneous. Then 0.75 g of titania

20 (nTiO; available from Buhler, Uzivil, Switzerland) were added and the mixture was
shear mixed for 1 minute using a handheld shear mixer. 0.15 g of silicone polyether
acrylate (TegoRad 2250, Goldschmidt Chemical Corp.) and 0.05g of 2-, 4-, 6-
trimethylbenzoyl-diphenyl-phosphineoxide (TPOL, Ciba) were then added and the
mixture was shear mixed for another 30 seconds. It was allowed to stand and then

25  filtered through a 0.45 micrometer filter.

Examgle 4
0.25 g of poly(alpha-methylstyrene) (AMS M;=126,000, M,=133,600,
PDI=1.06, Polymer Source, Dorval, QE, Canada), 4.75 g of cyclohexanone (Lancaster
30 Synthesis, Inc.), and 1.63 g of the silicate/titanate nanoparticle solution from
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2C and 3 the slide was heated at 120 C for 5 m nutes, then exposed to
4.96 J/cn2 WV 10 energy for crosslinking. In the casef of Exanples 8
and 8C the slide was exposed to 4.96 J/cn2 WV energy for

crossl i nki P 290H0HE cage of Exanples 4, 4C, 7 and 7C, "FHES¥PYHERas
baked for 5 mnutes at 100 C followed by 5 mnutes at 200 C. In the
case of Exanples 5, 5C, and 6, the slide was baked for 2 hours at 190
C. Once the dielectric was dried and cured, a patterned mask was

pl aced on top and 600 Angstrons 15 of Au (WIIlianms Advanced

Mat eri al s) was deposited to produce a top contact. Measurenents taken
of the reshcpimpgrcBpammle 4rgerarddeddp o viaddThesakgid @ad stirr_eki\ﬁvsci "(;; /until the
2007/ 06166 QRAal T % | nor gani,c_Vol %
1/161-garlic dédgﬁg%?g{egﬁﬁaye?s @Ee‘:rc IJIr?IeOs hf\rélfﬁs ‘et ‘%’r%hﬁ%r mttivity
pl0 kHz Electric Permttivity @00 kHz

Comparative Example 4C (Comparative of Example 4)

5 0.25 g of poly(alpha-methylstyrene) (AMS M,=126,000, My=133,600,
PDI=1.06, Polymer Source) and 4.75 g of cyclohexanone (Lancaster Synthesis, Inc.)
were added to a vial. The sample was stirred at 50 °C until AMS had dissolved, then
filtered through a 0.45 micrometer filter.

10 Exam]g‘ le 5
2 g of a 40w1% solids crosslinking agent in toluene, the solids being 20wt% 9,
9-bis(3~chloro-4-aminophenyl)fluorine (prepared as described in U.S. Pat. No.
4,684,678), 64wt% Epon 1001F epoxy (Resolution Performance Products), 16wt%
Epon 1050 epoxy (Resolution Performance Products), 0.4wt% 5-aminobenzotriazole
15 (Lancaster Synthesis, Inc).) and 0.59 g of the silicate/titanate nanoparticle solution from
Preparatory Exarﬁple A were placed in a vile. This mixture was sﬁﬁed until

homogeneous and then filtered through a 0.45 micrometer filter.

Comparative Example 5C (Comparative of Example S)

20 2 g of a 40wt% solids crosslinking agent in toluene, the sc?lids being 20wi% 9,
9-bis(3~chloro-4-aminophenyl)fluorine (prepared as described in U.8. Pat. No.
4,684,678), 64wt% Epon 1001F epoxy (Resolution Performance Products), 16wi%
Epon 1050 epoxy (resolution Performance Products), 0.4wi% 5-aminobenzotriazole
(Lancaster Synthesis, Inc).) and 2 g of I-methoxy-2-propanol (Dowanol PM, Aldrich)

25  were placed ina vile. This was stirred until homogeneous and then filtered through a

0.45 micrometer filter,

Example 6
2 g of a 40wt% solids crosslinking agent in toluene, the solids being 20wt% 9,
30 9-bis(3-chloro-4-aminophenyl)fluorine (prepared as described in U.S. Pat. No. 4, 684),
678, 64wt% Epon 1001F epoxy (Resolution Performance Products), 16wi% Epon 1050
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50% Ti 02/ Si 02 211 640 6.9 6.5. 2 70% Ti 02/Si02 29.7 700 8.6 7.9 2C o
0 640 4.6 4.5 3

WO 2007/061663 PCT/US2006/044035

epoxy (Resolution Performance Products), 0.4wt% 5-aminobenzotriazole (Lancaster
Synthesis, Inc), and 5.2 g of the silicate/titanate nanoparticle solution from Preparatory
Example A were placed in a vial. The contents were stirred until homogeneous and
then filtered through a 0.45 micrometer filter.

Example 7
0.52 g of poly-4-vinylphenol (Aldrich, Mw=20,000), 9.5 g of cyclohexanone
(Lancaster Synthesis, Inc.), 3.43 g of the silicate/ﬁtanate nanoparticle solution from
y Preparatory Example A, and 0.015 g of poly(melamine-co-formaldehyde) (Aldrich)
10 were added to a vile. The mixture was stirred until homogeneous and fltered through a

0.45 micrometer filier.

Comparative Example 7C (Comparative of Example 7)
0.5 g of poly-4-vinylphenol (Aldrich, Mw=20,000), 9.5 g of cyclohexanone
15 (Lancaster Synthesis, Inc.), and 0.015 g of poly(melamine-co-formaldehyde) (Aldrich)

were added to a vial. This mixture was stirred until homogeneous and filtered through

a 0.45 micrometer filter.

Example 8

20 Gz of NSEA, 1 g of pentaerythrito] tetraacrylate (SR444, Sartomer), 10.41 g of
the ZrO7 from Prep Example D and 0.015 g of 2-, 4-, 6-trimethylbenzoyl-diphenyl-
phosphineoxide (TPOL, Ciba) were added to a vial. The sample was mixed until

homogeneous and then filtered through a 0.45 micrometer filter.

25  Comparative Example 8C (Comparative of Example 8)
9g of NSEA, 1 g of pentaerythritol tetraacrylate (SR444, Sartomer), and 0.015 g
of 2-, 4-, 6-trimethylbenzoyl-dipheny!l-phosphineoxide (TPOL, Ciba) were added to a

vial. The sample was mixed until homogeneous and then filtered through a 0.45
micrometer filter,
30

13



12.5 % TiO2 3.5 2800 14.9 10.8 4 50% Ti 02/ Si 02 24.6 480 7 6.5 4C 0 o
270 3.1 3.1 5 10% Ti 02/ Si 02

WO 2007061669 PCT/US2006/044055

FPreparation of Capacitors

All capacitors were made in a similar manner. 5 Angstroms of Ti {(Alfa Aesar)
was sputtered onto the surface of a 5.08 cm by 5.08 cm glass slide (Precision Glass),
followed by 600 Angstroms of Au (Williams Advanced Materials). The Au surface

5  was cleaned sequentially with acetone (JT Baker), IPA (JT Baker), and a DI water wash
and then blown dry. 1-2 mL of the dielectric solution to be tested was placed on the Au
surface, completely covering the Au. The glass slide was spun at a rate between 4000-
6100 RPM for 40-60 seconds and then treated as follows. In the case Examples 1, 2,
2C and 3 the slide was heated at 120 °C for 5 minutes, then exposed to 4.96 Y/cm?2 UV

10 energy for crosslinking, In the case of Examples 8 and 8C the slide was exposed to

4.96 Yem?2 UV energy for crosslinking. In the case of Examples 4, 4C, 7 and 7C, the

slide was baked for 5 minutes at 100 °C followed by 5 minutes at 200 °C. In the case

of Examples 5, 5C, and 6, the slide was baked for 2 hours at 190 °C. Once the

dielectric was dried and cured, a patterned mask was placed on top and 600 Angstroms
15 of Au (Williams Advanced Materials) was deposited to produce a top contact.

Measurements taken of the resulting capacitors are reported in Table I.

14



3.6 3500 4 3.6 5C o0 o 1300 3.5 3.5 6 50% Ti 02/ Si 02 24.9 1340 5.9 5.6

7 50% Ti 02/ Si 02 27.5

WO 2007/061669 PCT/US2006/044035
Table I
Dielectric Electric Electric
Wt % Vol %% Layer Permittivity | Permittivity
Ex. | Inorganic Inorganic | Thickness (nm) | @10kHz | @100 kHz
1’ 50 % 23.1 640 6.9 6.5
Ti07/8i07
2 70 % 29.7 700 8.6 7.9
TiO2/810n
2C 0 0 640 4.6 4.5
3 12.5 % TiO, 3.5 2800 14.9 10.8
4 50% 24.6 480 7 6.5
( Ti02/8i09
' 4C 0 0 270 31 3.1
5 10 % 3.6 3500 4 3.6
Ti09/8i02
5C | - 0 0 1300 35 3.5
6 50 % 24.9 1340 5.9 56
TiO5/Si09
7 50 % 27.5 250 8.2 ’ 8
Ti09/Si02
7C 0 0 260 4.1 3.8
8 51 % ZrO, 17.3 2800 6.3 6.3
8C 0 0 1280 3.8 3.8

Table indicates that higher electric permittivity was obtained using the
compositions of the present invention in comparison with similar comparative
5 comiaositions. It will be appreciated that increased loadings of inorganic particles

typically lead to greater dielectric constants.

Various modifications and alterations of this invention will becorne apparent 1o
those skilled in the art without departing from the scope and principles of this
10  invention, and it should be understood that this invention is not to be unduly limited to

the illustrative embodiments set forth hereinabove.



250 8.2 8 7C o o0 260 4.1 3.8 8 51 % Zr02 17.3 2800 6.3 6.3 8C 0 0

1280 3.8 3.8

Claims:

An electronic device comprising at least one electrically conductive electrode and,
adjacent to the electrode, a dielectric layer; wherein the dielectric layer comprises
a polymeric matrix and, dispersed in the polymeric matrix, non-associated metal
oxide particles having an average radius no greater than (.5 micrometers; wherein
the non-associated metal oxide particles have organic functional groups
covalently bound to their surface, and wherein the organic functional groups are

not covalently bound to the polymeric matrix.

The electronic device according to claim 1 wherein the non-associated metal
oxide particles include metals selected from the group consisting of: Ti, Y, Zr, Hf
and Si.

The electronic device according to claim 1 wherein the non-associated metal

oxide particles include Ti.

The electronic device according to claim 1 wherein the organic functional groups

have a molecular weight of 1000 or less and are according to the formula:
(-0-)xQ(-O-R1) (-CHp-R2) (1)

where Q is Si or P=0;

where each R! is independently selected from the group consisting of: hydrogen,

alkyl, and substituted alkyl;

where each R is independently selected from the group consisting of; hydrogen,

alkyl, substituted alkyl, alkoxy, substituted alkoxy;

where, when Q is Si, x is 1-3, y is 0-2 and x+y=3;

where, when Q is P=0, x is 1-2, y is 0-1 and x+y=2; and

where the open oxygen valences are covalently bound to the surface of the non-

associated metal oxide particles.

16



Table | indicates that higher electric permttivity was obtai ned
usi ng the conpositions of the present invention in conparison wth,

simlar conparative 5conPositions. It will be appreciated that
i ncreased | oadi ngs of inorganic particles typically lead to greater
di el ectric constants. Various nodifications and alterations of

this invention will becone apparent to those skilled in the art

Wi t hout depar tiHa@letfenit H&ﬁcé&@@ﬁir@g{}lg cRirh AGIIRLES 1961, thi s 10i nventi on,
and it should be understood that this invention is not to be unduly

limted to the illustrative enbodi nents set forth herei nabove.

C ai ns: An j V] ri.si .l east one electrically

conducti&% eIgg%ggﬁégg%g?ﬂg%%%g%ﬁﬁﬂﬁghﬁhgqgﬁé%trode, a dielectric

layer; wherei RadHR! diigdPehdenly kAYSEd GOHAR S6Fp orRRENITES th&hPBhf edtyfNd,
e

di spersed in the polyneric matrix, non-associated netal oxi
particl e$™avi ng an average radius no greater than 0.5 m croneters;

wherei n the ngp-.assqci at I jde particles have organic

functi onal grg%p@‘@ﬁ%"é&eﬁ%‘%@hb“thﬁ@izﬂs%Ulr9f ace, and wherein the
organi ¢ functional groups are not covalently bound to the polyneric
matrix. 2. The electronic device according to claim1l wherein the
non- assodi at edheeleatrorix deldcqacdidigas claiit Hudera®@tiapPsOsel ected from the

group consisting of: Ti, Y, Zr, H and Si. 3. The el ectronic device
according to claim1 wherein the non-associ ated netal oxide particles

include Bi. 4ThIBRc@IREHEIE £cblAMgS cREE QNG IR polyRidic ndthielsi n the
organic functlonalwg{oups have a nol ecul ar wei ght "of° 1000 or | ess and

are accor di ng Mgt pler plymen sglected dropyibe suRTPYSistoERf R2plajesiwhere Q i s
Si P=0; wh i.S.dl
const sting of DRk trdsiey MOREETHEtRE AT Sah R )

is independently selected fromthe group consisting of: hydrogen,
al kyl , sgbsti ut.ed.al koxy; where, when

ted al kyl., .al kox subst i ; Q
's 5 e 10 S@C??l%é%%erﬁ&ceeﬁ%é? fiites SER Ihe @O PN g 1.,
y is 0-1 and xrodsitike@nd where the open oxygen val ences are coval ently
bound to the surface of the non-associ ated netal oxide particles.
10.  The electronic device according to claim 1 wherein the electronic device is a

transistor.

[1. The electronic device according to claim I wherein the electronic device is a

capacitor.

12. A printable dispersion comprising:
a) a curable composition; and
b) metal oxide particles;
the metal oxide particles having organic functional groups covalently
bound to their surface, the organic functional groups having a molecular

weight of 1000 or less and are according to the formula:
(-0-)xQ(-0-R1)y(-CH,-R2) (1)
where Q is P=0;
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5. The el ectronic device according to claim4 where Qis Si. 6. The
el ectroni c device according to claim5 where. each R1L is

i ndependently selected fromthe group consisting of nethyl and ethyl;
and R2 is -CF12-(0-CH2-CH2-)z-OCH3 where z is 1-19. 7. The electronic
device according to claim4 where Qis P=0. 8. The el ectronic device
according to claim1 wherein the polyneric matrix is a matrix of a

pol yrer sel ected LA Ag, R WRaGANRLEL OGOl foRSY LA Sopsstmuot

met hacryl at es, epoxi €s, yr enes, yners, v

acetates. 9. The ehedbgonklkylend abst@toedntkyilg to claim 1l wherein the
polymeric matrix is crosslipked. 10. The el ectronic device accordi ng
to claima1 wherei nwhaee eeﬁeB?ﬁﬂnﬁ@eu@mﬂ&éeif:@e@froméh%srgtllm¢Qn8'mning Jhe

el ectroni c device ﬁﬁ%?%gigggﬁ %ﬁﬁﬁﬁ&?éhﬁ’ %&Q%%%%Q%u%h%&5§9nic devi ce

is a capacitor. 12. ren I spersion ¢ rrsing. a)’’a curable
conposition; and bwhaetsak leékivdelpant kel and he netal oxide particles

havi ng organi ¢ functional groups covyalently bound.to their surf ,
the organic functi SRS [ SUBS HER VFPSCTREY EUGHSHY RFHE fo sor B idhe
Lﬁs s and ar g gc cor gietd okide b@icles Al hderelir e bidaXrcGuittohdl-deigs B ot | )
ere Qis P=0;
Q covalently bound to any part of the curable composition.

13. The printable dispersion according to claim 12 which is a jet-printable dispersion.

14.  The printable dispersion according to claim 12 wherein the organic functional
groups are not covalently bound to any part of the curable composition and do not

react with any part of the curable composition to form covalent bonds.

15.  The printable dispersion according to claim 12 wherein the organic functional
groups are not covalently bound to any part of the curable composition but may
react with the curable composition to form covalent bonds upon curing of the

curable composition.

16.  The printable dispersion according to claim 13 wherein the metal oxide particles

include metals selected from the group consisting of: Ti, Y, Zr, Hf and Si.

17.  The printable dispersion according to claim 13 wherein the metal oxide particles

include Ti.

18.  The printable dispersion according to claim 13 wherein the organic functional

groups have a molecular weight of 1000 or less and are according to the formula:
(-0-)xQ(-0-R1)(-CHp-R?) (1)
where Q is P=0;
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where each Rl is independently selected fromthe group consisting of:
hydrogen, al kyl, and substituted al kyl; where each R2 is

i ndependently selected fromthe group consisting of: hydrogen, alkyl,
substituted al kyl, al koxy, substituted al koxy; where x is 1-2, y is
0-1 and x+y=2; and where the open oxygen val ences are coval ently
bound to the surface of the netal oxide particles, and wherein the

organi c functi ps. are not. coya tly.bound to.any part. of the
curabl e Conpo§?#$%%35%§}5?ﬁ%W%@P%PQEfﬁ&g%ggéﬁg#8WP§8@%$ﬁ%ﬁgﬁp@ﬂ@?%im
12 which is a dlet-spbstintitadbhikylrapivedy anstithied alkit afiehyll abseutdspehg] on
according to claim 12 mher%{q the organic functional groups are not
coval ently bodFRFUVeYsHgsiited alknyhine curabl e conposition and do not

react with an . urabl.e ¢ ition to formcoval.ent

bonds. 15, e B bacfiR2i° oS RMREHoh 80 el BhRerS HiEPinesr e
or gani ¢ funct iatityd|substivutpd al&yle reactivetyosibkierttet W un@n #losudbyufd atkedyl, t he
curabl e conpositLog b%%.na%}rgact Yﬁth tE&,cg&a@le conposition to
form coval ent "BSHIEY SPEHE alkgybrlkory sebttityeealkenp seriydnsubsduteth e
printabl e di spaisiy,on according to claim13 wherein the netal oxide

particles include netals selected fromthe group consisting of: Ti,
Y, Zr, Hf and*Sp1-217is GhangritvtZibhé di spersion according to claim13

wherein the [ ' i nel I, . intaple
i sper 5i on aceerdh e opE Bk EyERe B ifntly boh BE pRECPH Btk e
groups have a omslegatticds. wei ght of 1000 or | ess and are according to
the formula: (-0-)xQ-0-Rl)y(-CH2-R2)( | ) where Qis P=0; where
each R is independently selected fromthe group consisting of:

hydr ogen,19al kyllhe psiutisiel dispetbnadckotting t€ 8lain: Yo lesiaat E&IHEI%@O?&bBéIﬂion

al kenyl, substituted al kenyl, reactively substituted al kenyl; where

each R2 is i ndspedsdeamelynes seletedkiom thmgromecapsisivee eforisidatesag of :
hydrogen, al kylehaHhstd th.66, abitnks AL&RELIMELYvi JnbH :

al kenyl , substitutgg afkg%y%f reaé%Fvgﬁég%%%é%Y%ﬂggﬁﬂ%#féﬁﬂﬁ%§§+koxy,
substituted al koxy, reactively substituted al koxy; x is 1-2, y is 0-1

on X, el Gl OB D YR TETAZES G bR 1O

t he surface of e i

di spersi on acd@letes ghdnometsaif MpdBmwhesleitall frhie tediral) reRIMOSH: tdchilates,

i ncl udes a pogy r ﬁelected fromthe group consisting of: acrylates,
net hacryl at es; eg%&@i yes, RN MBI [porrpplamsireriayl 5\1%%915 agf @aefiEess and
acet at es.

21. The printable dispersion according to claim 13 wherein the curable composition

includes a crosslinking agent.

22. A method of making an electronic device comprising a dielectric which includes

the step of ink jet printing a jet-printable dispersion according to claim 13.

23. A method of making an electronic device comprising a dielectric which includes

the step of ink jet printing a jet-printable dispersion according to claim 17.

24. A method of making an electronic device comprising a dielectric which includes

the step of ink jet printing a jet-printable dispersion according to claim 13.
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20. The printabl e dispersion according to claim13 wherein the
curabl e conposition includes nononers of a polyner selected fromthe
group consisting of: acrylates, nethacryl ates, epoxies, styrenes,

fl uoropol yners, vinyl alcohols and acetates. 21. The printable

di spersion according to claim 13 wherein the curable conposition
includes a crosslinking agent. 22. A nethod of meking an electronic
devi ce compri s Rgtidddf alaRiilldnCleMibaib devIEd SGstistdpe BLBRHE whidBKndifdes
printing a jet-printable dispersion according to claim13. 23. A

met hod of nakithgStanokink it penties aisiprptable dispersiongeeerding kedrin B.whi ch
includes the step of ink jet printing a jet-printable dispersion
according to claim17. 24. A nethod of making an el ectronic device
conpri si ndf.a dh eledodof makinigeh elavtrbuid devitdengirasmgef dielakrip ethidhrindtidesg a
jet-printable dispersion according to clgim13. 25. A nethod of

mki o an ol ot SH o R BERGE ol Rafls SuPur i ardtinhILHE AL Ldes
the step of ink jet printing a jet-printable dispersion according to
claim18. 26. A nethod of making an el ectronic device conprising a
dielectric which includes the step of ink jet printing a
jet-printable dispersion according to claim21.
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