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Dielectric Media Including Surface-Treated Metal Oxide
Particles Field of the Invention This invention

wo edoamess6s o thin filmelectronic devices such BST/URI006/044055
filmtransistors and capacitors and nmet hods of making
same, in particular by ink jet printing. Background of
the I nvention US 2005/0095448 Al purportedly discloses
the use of core-shell particles to formdielectric
| ayers. Summary of the Invention Briefly, the present
i nvention provides an electronic device, typically a
transi stor or a capacitor, conprising at |east one
electrically conductive el ectrode and, adjacent to the
el ectrode, a dielectric layer; wherein the dielectric
Iayer conprises a polyneric matri x and, dispersed in

e D Mo Tar b Sor gt s Fa R Mot Rt g ferds

groups covalently bound to their surface, and wherein

t he organic functlonal grougs are not covalently bound

to the polyneric nat i0By de particles

ty p"[‘ﬁ@'u'ﬁen'tx@ﬁ'ré’l‘éfes rt@ﬁﬁh §111§19e|1 gﬁ: cjév% gtiéh S @Pfilm transistors

consisting o

‘andtoppacitdrs gndr meih‘bﬁp iof aidkwg sameo ngpaxhculfauhm ml«:]napngtnrcg,l ps

have a nol ecul ar wei ght of 1000 or less and are
according to the formila: (-O)XQ-OR) y (-G -R2 )
| ) where Qis Shum@ramﬁlomﬂﬁfﬁneﬁﬁhnR is

'hSSﬁ%g%%%w%ﬁ? A oAty pop et P pe S aspehapftiges to

fonlnsd,élegﬁgqu@@t ly sel ected from the group consisting
of : hydrogen, alkyl, substituted al kyl, alkoxy,

substituted al koxy; where, when Qis S|, xis 1-3, vy

is 0-2 and x+y=3; W§hfra ?FheQIﬂs%nﬁoQ xis 1-2, y is

0-1 and x+y=2; and W n val ences are

covBHeﬂyJ tgne lpmsadt inverthm movidas en elfecﬁrhnac ratet/mb typicdlly a transistor
arti

or §oat ot S iBaR At by PRI Gui bR S adacent to

the @ldcyrbaé, esdieleetrivAaye Wheiee)di@sctris 134/e B6prises a polymeric
fluoropolyners, vinyl alcohols and acetates. The

ma’ggq %Fl}sger,ﬁq in the po ymerlc matrix, metal oxide particles; whereln the 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 metal oxide particles typically include metals 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(-O-R1)y(-CH-R?) (1)

where Q is Si or P=0; where each R1 is independently selected from the group

consisting of: hydrogen, alkyl, and substituted alkyl; where each R2 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, xis 1-2, y is 0-1 and x+y=2; and where the open oxygen valences are covalently

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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may be crosslinked. In another aspect, the present
i nvention provides a printable dispersion, typically a

W@ ea07/06i664 abl e di spersion, conprising: a) a cuPeblU82006/044055
conposition and b) netal oxide particles; wherein the
nmetal oxide particles have organic functional groups
coval ently bound to their surface, and wherein the
organi ¢ functional groups are not covalently bound to
any part of the curable conposition. In one

enbodi ment, the qQrganic,  functjional groups do not react
ePOHigSh stafﬁneﬁaﬂltor%wolywsr% Mmgﬁ@owﬁﬁ%@ AgGtIRs-t bhe pelfmeric matrix

ma?gg@}&gﬁm@ands I'n one enbodi nent, the organic
unctional groups may react with the curabl e

conposiatharaspert] the masomahmntldnqndsldam priotablendjspfrsibheypically

a Je‘f 3’“%?%’]?? glsg&g%h gclécpmn ns%qg g gl)é Fe}gp g.{ntﬁ:g%ﬁﬁ 2)& E)netal oxide

partlok&s I \sheregll tlhé meﬁal oxié&zlﬁaﬁhlﬁlgﬁhﬁbe%rﬁaxfla Guﬂﬁﬁbhalltqgtﬂhlﬁsaddvﬁlenﬂy
t ngtional groups have a

bo t@éﬁ?pégg'vfeéie # Whergpuie rednia anshenal sgovs ate mtrfgwtﬂsnﬂy

bodxﬁlecofaﬁ& rﬁeﬂ't%f tlﬁe‘ Qir)ﬂﬂgcbﬁ}p&l}loﬁ {n Qfgemﬁgdl)neﬁt Ithé oplific

is Si G where each Ris |nde€§n ent | selgfted
coam@yl]tlonaqm rm

covégf‘n #) %kt fqg oo%l ?ﬁlbod%%ﬁt @g%ggarﬁ: hﬁw‘u?ﬁlaq %yglﬂ?% .J:rl,?y react with the

curablie \compesitiohitd lﬁcbrﬁdcm}alkqﬂt boadsapon, cusim@&tf itheugreabla |cbﬂ1>py551tlon
wher e, en and, x+

o S oAl S plea ndluda staly seleeted S iy sonsisting of:

Ti, N EryHERRd Shene et RGN Falgpiaty @E@o@ﬁﬂi@'fﬁﬁ& ahal %roups
bound,to the_ surface of the nmetal oxide particles.

havgp walssBlarBrighiog 1809 prlesy gndhre af:mxémg?ﬁ ahe fgxmufﬁs may
t th th orm co ent
Lgﬁgs \L/J\Apon cu?i ::];r 2@65%@{:@?? eeegiangzo)& tion, (\igach R
d fro

B e demsndent Lic sgh ech o [Lom e groun, kgrowp
corsERE o hu SR bIGL'RE sBosttlied BT Where SHAER2 it 8Cpendontly

© selénged frdeybadentp gonsisting béchytrauent :ldkylg suihs}ntuiedl alkst, Iaﬂg)xy,

of.. .h ogen,, al kyil ubsti t.u W eactjv
surliiud SkPEE el Whan QS 8 drkorts handiF Rty hete, when Q s
P=0¢R6d 120k Vs subdi tyt-adad KA the open oxygen valences are covalently
bound to the surface of the metal oxide particles. In an embodiment where the organic

functional groups may 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
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

alcohols and acetates. The curable composition may also include a crosslinking agent.
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al koxy, substituted al koxy, reactively substituted
al koxy. Typically the curabl e conposition includes
w@odoyerss9 ol i gomers or nononers of pol yners sePCEHUS®A6/044055
fromthe group consisting of: acryl ates,
nmet hacryl ates, epoxies, styrenes, fluoropolyners,
vi nyl al cohols and acetates. The curabl e conposition
may al so include a crosslinking agent.In another
aspect, the present invention provides a nmethod of
maki ng an el ectroni c device conprising a dielectric
whi Bhanqﬁlaﬁrr@ag%,c& the PEgsent igyentipn grayides ¢ methg of making an
eleb8dmil Hé\‘i&é‘p&rﬁpfi&lﬁg %Qﬁél@&hl@%ﬁ&gﬁn@ﬁlcﬁsg tﬂel'b% ép gét gmntlpg a
invention. In thiS application: "printabl
Jet-psawblaadldp@pen 9cmtdmgrto ghenpresgne gseentioml |y no par ticles
havin querage radi us of greater than 0.5
nicpbﬁ% %gacaﬁo -printabl e di spersion" neans a

di spgtshble disyed b r?gar&%:ﬁ@;ﬁdrﬁﬁh )to%lﬁlzr@@g édsehteflynaypdigcles

an average ragdi us, of greater than m cronet er;
hawg%ﬁ%?Y%r%&eeﬁalwﬁrggeat?r&hmﬁén@m%@%pec. es,

su bsfet—?ﬁhﬁglcmisﬁé?ﬁﬁﬁﬂ bricQReA dﬁﬁ&%fo'ntc‘éﬁfhtuﬁng@bs‘éﬂnﬂ ﬁ‘@bartlcles

react to formcoval ent bonds wth a polyneric matrix
havigg ap averagreyediystaf greater, thawlBgnictareetes can be al kyl ,

al ke y r

o] o LB o it A B BRknf ony il
suhsbmsmsszvhmhu tle ahov\mpﬁorfosa |cbvaenta:wd§ maéthct polghgric matrix related
substitute em cal. speci es,
BT et TR o b LIS Pty EBRRY Sk ehenyd, halo €, -Cl,
-Brr@xal), hidrokp) dit.c odtesibsiassts tWdnhdelvaes @Myal’&.l $ubstituted where

ﬂﬂg osition related therewith, upon curing of the

PossiileAd conposition. It is an advantage of the present

i nv efeaémw euuaha)feaﬂeméaédfd% R A e#.é&@sb hﬁ)sﬁlnﬁg'& ppni ¢

devi ces and met hods ‘and di spersions Tor their
conygntieral supstituants whichdloDesdtd fermoeovatens bendswish ta, curdbde
co é&?ﬁ&f Te'leﬂe\,(c? L gén{’gllt}g: 83\611 ‘18%38 (rgjté ﬁlgcc%% ?négmd es}{#l%n

I eai;ms an adedma:ger ofcthé byesemridvmmloneo @fcﬁﬁder ﬁd&ll;aﬁﬁnufacturable

ctefRE AEYigts nepmp iyt sedispertlons fortheir mamfibire. " ¢! "

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 electrode, a dielectric layer; wherein the dielectric layer comprises a
polymeric matrix and, dispersed in the polymeric matrix, metal oxide particles; wherein
the 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.

Thin film transistors (TFT’s) are FET’S made with thin films containing organic
semiconductor materials, such as pentacenes, or inorganic semiconductor materials,
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,
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polymeric matrix and, dispersed in the polyneric

matri x, metal oxide particles; wherein the netal oxide
w@arwioclees have organi ¢ functional groups covaP@nub3006/044055

bound to their surface, and wherein the organic

functional groups are not covalently bound to the

polymeric matrix. Thin-filmtransistors (TFT' s) are

FET" s made with thin filns containing organic

sem conductor materials, such as pentacenes, or

i norgani c _sem conductor materials, such as zinc
T jscmalogy is exiested ip damansitaie competitieradvagiages qygy conventional

trafdfRbes §HcH & folweedsp lmwﬁg&a&ﬁéﬁr&esﬂ%%od&dch&éﬂ l&bility.

CIrCUItry or varlous app I catl ons n sone
" appTFE&: prsllsrﬂmluwmlg@}yducmreu p@ctrmal cantabs wothsa satres

ele&?or%ea%dt ! cﬁ' in eqect%r Fo %?1? %Yec{roge?sna\{'ee: '}Ha'd% g’e ggcﬁlcag}(] 8onéuct1ve

enperatureé pro

ma&halsg:wwcﬂnl may fricldaiel datbon obfniétalstsyich aaddppet, rsnb&rdﬁ gald. A
dleéemconductor in electrical contact with a s

PRleIPagEaLcRaes (s ferRicBRqciRTdrondhist Slopipifedhogate. The

1aya§%>oée ﬁb&&hﬁh GRY EMta‘B%‘SM@f i Pﬁ%oﬁ%%%ﬁcﬁ'uﬁent!‘ﬂh& ihﬁwmay be
i ncl ude carbon or” netals such as copper, S ver or

Sta‘é@ﬁdn ﬂﬁ efdert: embsirate rgateeleetrodse Eafleallfdscttlh,esemlconductor source
S3.c9044
amﬁs ayereg rm%ge { 9’%&8{’9 r%{nz%ﬁ% sUi l?g%&nagr geér” E(F‘% n {}]‘e §rder:

subem,dsormﬁ and drhin dlegtexdss, mamldamdactag@té dislettrie, Qattd erectrode.
substrate at e ctrode, gate dielectric,

e
Othger giT Fre 98%&89 and drain electrodes. In some

e ”bWHinnl‘i‘lﬂi Slrcdlfsﬁni}aﬂ'ﬁhﬁie Fapadi@rSt AS kel doRvéfiRnal Shcitors, a
substrate, source and drain el ectrodes, sem conductor,

thity Gl capasiter ficiudes galiedecrie materind intemesed batvasrybieelegtrically

cor@bEtinOSsitRldes. Thin filmcircuits may include
capacitors. As with conventional capacitors, a thin

fi | Whe alesipnigdevice hoeheding tditld msmn énvention cenprises a dielectric

o BB PSR S L Mo SRR i o

accprdisg i the pr&sehi dNettivnhbg 6 ad Kl @J dapidiiog, d my@6phone, an antenna
oragJacent to at | east .one_e ecIrlcaII nductlve

R Gl ahat Bl geSh diolgic Batariely The fyrout clareent may have

anyPh@asHofleBeaBHELHcARY tHAR z oTFfE'plé’al@aﬁﬁ:Céléchromcadev1ce according
m crophone, an antenna or any Ci rcuit el ement that

to the pregerisnyerdioa ip a (i Iconmeaperiigr. Theadieleetrigilayes bemenses a
polgﬁ:\énl? #Afrix and, dispersed in the polymeric matrix, metal oxide particles; where

the metal oxide particles have organic functional groups covalently bound to their
surface, and where the organic functional groups are not covalently bound to the
polymeric matrix.

Any suitable metal oxide particles may be used in the practice of the present
invention. Suitable metal oxide particles typically 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 IIA, IVA, VA and VIA, including, for the purpose of this
application, Al, Si, Ga, Ge, As, Se, In, Sn, Sb, Te, T1, Pb, Bi and Po. Suitable metal

oxide particles may include metals selected from the group consisting of: Ti, Y, Zr, Hf
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any nunber of electrodes greater than zero. Typically,
the el ectronic device according to the present

w0 poogfasicen is a TFT or a capacitor. The di el ecP€T/TS2006/044055
| ayer conprises a polyneric matri x and, dispersed in
the polyneric matrix, netal oxide particles; where the
net al oxi de particles have organic functional groups
covalently bound to their surface, and where the
organi ¢ functi onal groups are not covalently bound to
t he polyneric tri Any suitabl e netal oxide

andir FEIEE WRIFAHE inglade Th Suabls metel pudg patticlesgpgseqntain more
thah BME Rlet Rlensith hA® by IRl onfif) €6ntBAY ddrthei LR He¥ide

have a bul k dielectfic constant of seven or nore, nore
oxyegpi Suitable neetalroxidsy partielnslinehide naytmlwdnyalmgdrtaxmsssuch as

d
TGOS ol R T S R o
an dRkAeSadius 6F QY RS thdnVd\s nYirdthderY hfbre 'tﬂﬁédfﬂ" rﬂggregt‘éf than 0.2
t he purpose of this appllcatlon Al

micgemeten, Sn, Sb, Te, Pb, Bi and Po Swtable metal

8;( IO %gy gg{l %ﬂl é ?%Wn&‘]odav g? u%? Eh"ﬁ—l?'\gﬁ 3}' L& lef tI%? %he surface of

the hygralaadideyparticles dnad ot bifid coeditralynettht pobykrﬂbelcpﬁaithbcehegsbe used

i BTG aF By PRORRLPACHETR b 2P o BORELneeep bl yeially

havoi thalRb@afRelht 8K 1000 Hielets. ﬁﬁcagqh@ 6&&@5 fh'n@th&ﬁal group falls
containing titanates_such as T1 and | ead

undes gReef thasnergheategasics of silaneserd pim@hsam acidse Typically the
org&ﬂ'g'fﬁﬁ&io\ba ?x’()ﬁp g}’o‘?{pa&& gl tU%h@forHﬁlagr eater than

m crone plca ~no greater than 0.2
n1croneter abké yfuncti epgl groups
that will bin coval ent | to he surface of the netal

whérsiQlgs SiartP=@);a6ha8 dadior ! iy iﬁdefe@.uéﬂx@,ngéwct&d)ﬁbﬁﬁhe group
pol yneric matrix nay be used in the practice of the

corpisting of: hydvegen] aliyl, Sud sualistituted gikyi; oviiare eadhdRéals igdepepdently

sl i he BRIRPomRIEE PRI BREP St as Lol aikose

subsfitutdiical BEAE Mitlers, RAAD LS, Rfis $13, 2186-2901d PRLSP BRI when Q is
p= §C|ds Typlcally t he organjc functi onal group is a

r B! “Zet &t Uil Rgdeg YT Reaihwhere dhe epan gxygen vrlrpgesyarg cqyglently
bouriddo dhd surfake of the metal oxide particles. The organic functional group will be

bound to the surface of a metal oxide particle x times; that is, through each open

oxygen valence. In some embodiments, Q is Si. In some émbodiments, QisP=0. In
some embodiments, each R1 is independently selected from the group consisting of
methyl and ethyl. In some embodiments, Q is Si, each R! is independently selected
from the group consisting of methyl and ethyl; and R? is -CH-(0O-CH2-CHj-),-OH
where z is 1-19. In an embodiment where the organic functional groups may react with

the curable composition to form covalent bonds upon curing of the curable

composition, each Rl 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 independently selected from
the group consisting of: hydrogen, alkyl, substituted alkyl, reactively substituted alkyl,

S
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where Qis Si or P=O where each R is independently
sel ected fromthe group consisting of: hydrogen,
wa@bkdoylogieend substituted al kyl; where each R i SPCT/US2006/044055
i ndependently selected fromthe group consisting of:
hydr ogen, al kyl, substituted al kyl, al koxy,
substituted al koxy; where, when Qis Si, xis 1-3, y
is 0-2 and x+y=3; where, when Qis P=O 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 metal oxide
alkeysily s@s@@te@ﬁ@wﬂgamtwemmmm alyerylynlkaxyl substibsechalkoxy,

rea&tﬂreﬁf‘ﬁub%biﬁ{%@c?@lk a nmetal oxide particle x times; that

eac pen oxygen val ence. In sone
enbhdﬁhmt's;e a@drdingito thaprsemt irventidiLtbea pelyn@ricanReQis a

t dependent.ly sel.ect ed.
mal R < 0 gD, a8 i O FORIEHY (e RrEas fggnal
gro@pHBSUnTED tEe midtdl HxDe, paidlbs. Rrysicdl HSRL HERMdrY n&@l b%%%@ted

fron1the grgﬁg conS|st|ng of nmethyl and ethyl;

mghe greupcon letgsymethactylates, gpoxies, stymereaﬁ
ﬂu&rep ?hﬁg]twﬂmrc%h&ﬁ%nar 2980918, mw 145 HHSx mer s an

react wth the curable conpositil orm covar e
acrijated STyupenilydhe magrix polyner éinrasslioked) rhuoﬁietrhatrix pehaherRnay

|ndee tly selected fromthe group
alteg%%eél umrcpsfsprq%;;;{drogen al kyl, substituted al kyl,

r eaThé pﬂdsyntsmaaluohlﬂsbcbrai/idyk a pgh@ibydhsp&sibg MBéMLﬁ%naklng thin
t stituted, al kenyl and eac ma
flrpEleF é@ﬁé‘ﬁg@%%’llvqgéps Sstopicsievians a@%@ﬁgé%ﬁﬁ REFaginvention.
Th@fmntﬁ?{l@rcﬁﬂﬁf’sm@l:&ﬁbmse%uQ?E'ch%féjc(ﬁhl%%é 10611{ %ﬂ&B HfetaY oxide

substituted al kyl, al ken substitu
partiglgs thay BP‘F ergpaicifungtionabgroups tovaintyxbpund m;memmge The

mef 591)& : ng s ::{rﬁedr% H%&&H&?g?%m%¥%bgtﬁui}anx€g %escn%ed

accor resent 1 nv
aboavey ¢>¢C):p1| & rmtedafoﬂhomng hrngnhessmbadiinenty d‘ieydfgamb lfaictwnhll groups

e ) S SR e P B PR oSS 910U i

anyaﬁdrVMs cﬁﬁwmmsﬁmﬁa o bV dlentdHoRdp. HPGE &hbdilﬁm@ﬁt the
acryl ates, methacryl ates, epoxies, styrenes,

orgpRig SPREBIPgheroups e mpt cayalenity Rousddo aak pait o6 thenayseble
corﬁ[%&'ltﬁﬁ{ bt rﬁat}ereggtt\{/ftﬁ tm&mF cb Qﬁtlgﬁ fo/ fcﬁﬁa cov;)éﬂlc G@ﬁds)ﬁpon

e matrix polymer is cross
curing] ofithe cyrahlegiomponidicnl yinjoae wapdslsemt ok g, present mventlon the

printable dispersion is a jet-printable dispersion.

In the dispersion according to the present invention, the curable composition is
any suitable composition that may be cured to form the polymeric matrix of the present
invention. Typical curable compositions include polymers, oligomers, monomers, or
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, vinyl 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
polymer is a styrene-maleic anhydride copolymer such as the nitrile-containing styrene-

maleic anhydride copolymer described in copending published application, U. S.
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The present invention also provides a printable

di spersion useful in making thin filmelectronic
walewroesed | ncl udi ng el ectroni ¢ devi ces accor di PgI/US20061@44055

present invention. The printable dispersion conprises:

a) a curable conposition; and b) netal oxide particles

t hat have organic functional groups coval ently bound

to their surface. The netal oxide particles and

organi ¢ functional groups are substantially as

208N AL O GR et e anXGoDIDS Aeeymamethy]
styFe¥alTopidalty ROHBEL dnFiitidR ihc1Ade ﬁﬁ@onﬁﬁ{&aeb%rs%sflin%(wg agents, but

conposition and do not react wth any par
may ghgipately mepusisino gosdiokingragestoval ent bonds. I n one

enbed] . r 1 ¢ functional oups agre not )

cov gﬂg ﬁ?{%mblggcﬁn&%tngﬁ% nérob/%jl re{s a &aer%ﬁ?]% gi{ﬁl@ﬁi&ggflm iim electronic
deiemspisludimnelbetroniadevieacicevidiiy tothe prusahl iBveRIIROSY bpMIing the
..ta .coval ent bqnds g@gn curing of the curable
Jet-ggﬂ%g)&n%{ﬁm_smp geenrding g S presaNt dpventian by éalejet printing. The
dispdtvieitis Sipical upplibd AP ' hHa i Pb] e

RSty o e R
substigie ppf sray inglude glash) esramiepodior polymericamgtesialst dllealispersion
i t i : . 0 rgmthe polyneric .. .

] SER0RA @1y A TRAAHE U 48R D TEED s
a paitamp dsietonrd acoardimstophd ymirementsiof tliesisouit @ MRBhstruc®d. The

' res. t.her.eof . Typi cal curabl e coppositions include
vt o T 2 500 R s At O SteRPARR ARy B, (0
propibityeres:s issbitet tienfig om t he group consi sting of:
acr Lgtes, et hacryl ates, epoxies, styrenes,
fl u% PBYSHHORS ugg the mnwlastussmaf hiw filn electrbnicstsnizes such
as (P0G ERAGSord 44 diBhilofe, POl YIB! s an acrylate. In

sone_enbodi nent's e matrix polymer is a
pol Phiesis sadadyhnio RAYf thisligvetion lare Snther dhisadied®ytthe following
j r_i.s.a_ styrene-mal ei c. anhydri de

exclpfifesBf ¥ pB U Tmdidly B BB THA a5 O nuhameles, s
welhnfiyttier cenditime andatetdRs SHoultaoti bt ABLASH RUAYR) hshaks
|ication, U S.2004/0222412 Al. In sone
8di ments, the matrix polymer is a cyanonethyl
styrene. Typically curable conpositions include one or

nore crosslinking agents, but may alternately include
no crosslinking agent. THixampleent invention al so

Pr oyhies o e BisO Qgtegf al%%%s wé;-enolgtiednrend %lr glget a!v%ﬂ.iagle from Aldrich
Chemical Co., Milwaukee, WI, or may be synthesized by known methods.

..oa
mnv

i

Preparatory Example A — Preparation of Si0»/Ti0> Naneparticle Dispersion

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% TiOp, 23.7%

Si03, 5.92% K20 and some small amount of other elements. 7.5 g of SILQUEST A- -
1230 (available from GE Silicones, Wilton, CT), which is CH3s-endcapped polyethylene

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

oven, after which time 2.67 g methyltriethoxysilane (available from Gelest Inc.,

7
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devices, including electronic devices according to the
present invention, by applying the jet-printable
waelk@pessson according to the present inventi onPGHUBIRG/044055
jet printing. The dispersion is typically applied to a
substrate, which may an inorganic or organic substrate
and may include glass, ceramic and/or polyneric
materials. The dispersion may be applied to a flexible
polyneric substrate. The dispersion is typically

h
MoBE1F ek 81 oo B ropanal dDEO NGl 7o avafkedle from
Ald#sht BAiRwiikeBOWT) vk Bmdbyfﬂehﬁlxﬁﬁg%gs%h ?apbgfé gv&ﬂlght The

stenml-type patterns, prohi

dispersiontveas adjusteg @<t S: 3%?$Pba$ bb(/empomtmgormdﬁlgl I-inetiolrg-2-
pro

facture of thin filmelectronic devices such as
infilmtransistors and capacitors. Qbj ects and
advant ages of this invention are further illustrated
; b%; the particul ar
L1 9er By i n t hese

ex aHBlyQﬁer Biﬁ; Mtﬁle@%m@lrﬂﬁé s@?&félﬁélgﬁ%ﬂ%‘%&j@é@ollﬁner that is

shoul d not be construed to Unduly

despribechin 1. PateanBrllicatinn dos 26046292418 Abtinchrpataked herein by
refér@@&e r’ﬂtlﬁ éggxﬂfesﬁ k?% %&E%@ﬁﬁ?&ﬁ a?ﬂaﬁ‘h%r%?iés 186’{] 19 Q#éjlgbcfe&/he

Cheni cal

‘Capklﬁb\RﬁxmplﬁobsSynﬁteepaxfzi’terryerﬂx’aaqafoéloms- Pr epar ati on of

I
i |G IEREL. b reoRE Pl e dinth Praferiany and

nitrapeh iamrwasaﬂmgeadmﬂcgaz dedrdls (@@é\ﬁ?&m aﬁlﬂ ﬁoﬁs@ﬁﬁg@mldncw
e (e} as

h
and i RO F (0 £ bisme-Wgleiamiarie capolymys (8 A7l 009esiog
f
a"agf‘se“ﬁg‘n"t“? Sa&%l%gg o Py IAH-L g %%9?}5\?3 it rﬁgtﬂg{aﬁyéarﬁ“’(dﬁ
(DM ééﬁfé%l) er @hﬁ m@Tyre wsi sntihredioﬂm memgesopa) at room

T R T
andythé eplutipmmvag tish lipateett 41\111 0%G &irlatyesirs @H)e 'I‘hé‘é@lﬂtl@ﬁ heas allowed
to o0 B e i P NROREE B | 2B (b isopropanol
while stirred mechanically. The yellow precipitate (Polymer B) that formed was
collected by filtration and dried at 80°C for 48 h at reduced pressure (approximately 30
millimeters (mm) Hg). Yield: 26.0 g.

Twenty grams (20 g) of this material (Polymer B) was dissolved in 50 mL -
anhydrous DMAc followed by the addition of 28.00 g glycidyl methacrylate (GMA)
(Sartomer), 0.20 g hydroquinone (J.T. Baker, Phillipsburg, NJ) and 0.5 g N, N-
dimethylbenzylamine (Aldrich). The mixture was flashed with nitrogen and then was
heated at 55°C for 20 h. After the solution was allowed to 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
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.
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Al drich, MIwaukee, W) was added. The m xture was

stirred at 95 OC overnight. The dispersion was
w@eljoosewed t o 15. 3% sol i ds by evaporating or adBiTIgS2006/044055

| - met hoxy-2- propanol . Preparatory Exanple

B- Preparation of Polymer B Polymer Bis a

nitrile-containing styrene-maleic anhydride copol yner

that is described in U S. Patent Publication No.

2004/ 0222412 A, incorporated herein by reference. The

[ ' [ [ hs 107 d
(oREBOTATY 30 Fn i 1Rk B ahg dRIR S5 henaes 26RO PETEAE637,
1448,"1286, 1140, M@ 70430Vt !(ﬁﬁrhf)&rav@faglg%]ndolﬁl{lar%gigléeigﬁt!f %ldertOO grams

flask fitted with nmagnetic stirrer

resfagledBaneiddving Geight3perpgameol égpilar3weight) o 22,000 g/mol. Tg = 105°C.
am nopropionitrile (A drich) and a solution of 20.00 g
styrene-nal ei ¢ anhydride copol ynmer (SMA 1000 resin

Prepaiatayl Exsdmple SaRreprratidné Oferyio. A cill 2- G pkh fn-2-

i

aghyde 0 di et acryl am de Ac, chy-
M@MM@M for 30 mnutes (mn) at room

tenperature, N, N-di met hyl am nopyrpdi ne (DVAP) (0. 18

g, 99% Aldrich)as _agded @nd e spfut™on was then

heated at 1100(¢ gurs (h). The,solution was

al l owed to cool i enper at ur e d was slowy
(L) of isopropanol while

[ i A Ll ecipitate (Polyner
B). L hE S REACHr (s o Rt i T . Rt A Bpition ser
Noal1/820673.diled Deheraber HY 2004 inc@rpsated KR s ERREY ggg
de‘églé%’?g?ﬁ%’s mr) Hg). Yield: 26.0 g. Twenty grans (

terial (Polynmer B) was dissolved in 50 nL

anhpdmnebse 1MGréohd RWBGnDYottdis radd|d éq)ﬂﬂop%ﬁ V%lﬁ'l 9 %n%)erature
| ycidyl, nethacryl ate (GVA) (Sartoner), 0.20 g
Pr°ﬁ9’dPéfgﬁPWgﬁ%H(‘?f.@d cpagenser. [34100|g. @Stblmlgh pht_hﬂ% 480@ gOtofuene, and
- ; i &h m xt.ure S_.
6N, PR ok ) e il LG s v
heafeg th 953 4209 Beofswblitd ethylens carbboate thak adg@blirop®ide8 fhe

rea(t,t?dmﬁf)&ﬁ}ér iheirgac\tc\%g r%grvrggg.}@% gﬂ‘\%ﬁ/a géé’p t]()blsc alLJmcl)tfthlgee hqurs. At

m xture of hexane

~ the conclusion of the addition, the reaction mixture was held at 95°C for about twelve

hours. The mixture was then cooled to room temperature and the solvent was stripped
ona. rotary evaporator to give the intermediate alcohol, which is a yellow oil that
crystallizes upon standing. The yield was 1815 g. The melting point of this material
was 61-63°C

A 250 ml. three neck round bottom flask was equipped with a temperature
probe, mechanical stirrer and condensér. 50 g. of the above intermediate alcohol was
added to the flask along with 29.7 g. triethylamine, 0.01 grams each of salicylaldoxime
and tetramethy] phenylenediamine and 430 g. of t-butylmethyl ether. The mixture was
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 HCl. After shaking the mikture 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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vol une: vol une (v/v), GR E.M Science) with nechanica

stirring. The precipitate that formed was dissolved in
wGmémeet one and precipitated twice, first iPCDUSIN06/044055

same solvent mxture as used above and then using

i sopropanol . The solid (Polymer B) was collected by

filtration and was dried at 500C for 24 h under

reduced pressure. (approxi mtely 30 mm Hg). Yield:
22.30 g. FT-IR (film: 3433, 2249, 1723. 1637, 1458,

1290 160, .and 704 cny 1. M (nunber average
30 FEretan é‘fmxﬁkf“ﬁ%?) %lleg%entgwawnmﬁd PBI2grotagy-gBtporativinto give
acr e b - @UBHBIIRNEDLAGH R 1)\l 0 i lve1d &
. J%?(C:)SOC. P(?eglgr at I(;ry }gxanppe c-’%:ég%éﬁigig‘%zg%?&ﬁ%%ﬂ%”8g’ oil. The
yie)tvas 2 gnapht hal en- 2- yl sul f anvD-et hyl ester (NSEA)

The synthesis of NSEA is disclosed in copending U S.
Patent Application Ser. No. 11/026,573, filed Decenber

o Prbpairatipne 171y, Nahepehsde DifiRrsion
details are as follows: Atwelveliter three nec

r ouftc~ 153 $Qd yas maade acsonding tophel prdcedures disnipsedaind S, Pat. No.
6398380 TR P v foits by SR3 Qheld Sz da, 130 4%S0y, 3.55%
S GUAGT f, 295 ol p S B R i o
rea¢fdn w@dsd! hy&@mﬁxﬁ-@%}lﬁgﬁﬁ{& (Y6%%) §§\?§§9?§qu¥ II%Q_F%\ZaifaBFe from GE

reaction m xture. reacti on e

Siligongs) MgHordek): £bboTe) anddisostal 5590 (Eiban®. 2% (@) 113 vatk) ofcre
Lid . ti m xture el 95QC .
chaf iR, B et bl MilPrlRE" RN ot hie AT 80 P o i i A
2 litep bpalee Nyse changee vathdDheaten{ MOOE) sRBcdicEhtBRed a®fdhia (33g).
e internedi ate al cohol,

A alor to giLve t

T, fHo3f Yo R BIRHGE o8 afiniCio b5 gtk Ppgomip bivhgvamRh gimine.
A vittie predbilateass FdBeDandAIBWER thi ' i S o

Tt oL aF was 61-630C A 250 R thls ey ﬂ;é’élgfl?‘té’umﬁd%%?rte(%’r%“me
wag qs%gigdmg Vngg@twpt(W}gtmmﬁ}tgq raper poobk, The damp solids

raRESHRIeE ' . . g.. of .the, abgve
Rt a2 ERI AR o ooy riopleAR R e
mixpgge (9@ e) twaseohgemratetkto 35901 1gmethoxpagitopdnol (311g) was added and

S R e FERG T TR L
mixture concentrated to 258g. 1-methoxy-2-propanol (72g) was added to obtain the

final mixture. The solids content was 37.1 wt%, determired gravimetrically.

Example 1
6 g of a 9.7wt% solution of Polymer B in l-methoxy-2-propanol (Dowanol PM,

Aldrich), 3.8 g of the silicate/titanate nanoparticle solution from Preparatory Example
A, 0.1 g of silicone polyether acrylate (TegoRad 2250, 'Goldschmidt 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 filter.

10
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heated to 400C and 24.4 g. acryloyl chloride was added
dropwi se to the reaction. The reaction m xture was
whedodoee6t00C f or one hour. Then 400 grans watBCT/WeZ06/044055

added along with five grans concentrated HC . After
shaking the m xture the organi c phase was separat ed

and washed with a m xture of 300 granms water and 30

grans sodi um carbonate. The organi ¢ phase was then

washed with a m xture of 300 granms water and30 grans

sodium chl ori de. The sol vent was renoved on a
E—?%!&!ﬁ-gq- evaporator to give acrylic acid

2- f 1

2 (ST TG0 Sl BT B A7 LR 1Bl e
AI(E;M &7n wrthp afligaieHitangte Zartbpmmmltlﬁlm ﬁ'oﬁi Brppmtoﬁm EAample
G S8 SS90 BLOEEY B rcn com.
and Q08U glof 2XM-F, 6mmem&ﬂ>eazeﬂrmnyn=§h@sﬁﬁe@ﬁe (iFP@@’/fclba) were

2. 96%, Y2(B. sol (300.4 g @36.1
addgfp% Vl"a/ag-hlﬁws@ff‘bgéﬁl was, st{ug W@pous and tgen filtered through a

0.2 midBsrh&rsiyfikerpr opanol (3029) SI LQUEST A- 174 (avail abl e
fromCE Silicones, Wlton, CT), (37.57g) and Prostab

5190 (G ba) (0.27g @5.3 wt% were charged, in that

Coﬂlr ?ﬁtivé’\iﬂyﬂm id $E1@QmpdiGaTs 5F Bibmpgsyyreated to 90 C
ged with D.I.

vvat 20 g(OI 4d©g\)t%am!ut®cvn@'éﬁ’rﬂymbeB iartrmethaxy-23gppandl €Dowanol PM,

Alcﬁ%ﬁ%%f%\?\# %)tg ﬁch]le néql'iygtp Btee(% g\ﬁ{%gf%ﬁ%q gﬁe gcrsplarpgit\%)bemlcal

Corfpoy amti0 2rglofi-| awesdtrmmmylaa&ofypalpab@qtpﬂo@mﬁeoxw@(TPOL Ciba)

e olated via vacuumfiltration
wet%\ﬂﬁaftﬂg)n% vial. V\?&sls%ga Wigstirgerd unti homesgnenss pad thesfitered

thrélighe0.3 @i cideke®lidIOXY - 2- pr opanol (70Qy) to obtain a
translucent m xture. The m xture (904g) was

concentrated to 369g. 1-nmethoxy-2-propanol (31 Ig) was

Exﬁﬂﬂﬁcb and the m xture concentrated to 273g.

oxy- 2- propanol (403g) was added and the m xture
cong gref Ditveder, 3 gzaﬂlg\memdmtmp»qpaaclqmpmal PM] 20rid¥dSand 5.25

The sol i ds_cont ent

g of S5 QMo RE R oflhBRigcniaiey RS Saremenyoreadiet © aviel. This
mn@uxefwa stirrédhuiftis tHelohAidnWechik YiBBogbhdols. Then 0.75 g of titania

hl &Y fg propanol_ ( Dowanol PM
(nT102 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

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

Synthesis, Inc.), and 1.63 g of the silicate/titanate nanoparticle solution from

11
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Aldrich), 3.8 g of the silicate/titanate nanoparticle
solution from Preparatory Exanple A, 0.1 g of silicone
wpoloyetteey aery | ate (TegoRad 2250, Col dschm deCT/US2006/044055

Chem cal Corp., Hopewell, VA), 0.078 g _of 2-, 4-,

6-tri net hyl benzoyl - di phenyl - phosphi neoxi de ( TPQL,

Ci ba, Basel, Switzerland), and 0.05 g of

pentaerythritol tetraacrylate (SR444, Sartoner, Exton,

PA) were added to a vile. This sanple was stirred

[ , dth filtered through a 0.2
Prefiial o EraPH e iAo el Therplo Wb AG oGhuntil the
AMY b&DINEBVed theh WadBitdred Yirdn @ 2 BA3%hictAYRP Blte"M

Al drich), 8.876g of the silicCate/titanate napoparticle
solution from Preparatory Exanple A3 0.1 g of silicone

cﬂ@%}tg;%eﬁ:xgﬁg_{é( FEAChMIRRAY, GFRRambfe £°CN™ It Chem cal
6- t 9-2fet dfyobe(atphydmaihylsepstc) PAVEDI,AEZEGME MFPE5,600,

| ded.to jal . This sanple was stirred
POEH. PR et B3 IRt proelramte sorias Synthesis, Inc.)
weriaddedrsf £Vial.| The€sam T RRA sBtkd &t S¥amRhEl &?Ig E%H '@i%oqgécﬂ then
of Exanple 2) 20 g of a 10wt % sol ution of Polyner rn
filtgreq, thranel s O ASrpisearaster okanol PM Al drich), 0.195 g of
silicone polyether acrylate (TegoRad 2250, GCol dschm dt
Chenmi cal Corp.), and 0.2 g of 2-, 4-,
ExampleiSvet hyl benzoyl - di phenyl - pEosphl ne|OX| de (Tf_(l, |
G ded.to a vi.al. This s e was stirre .
untb? % oﬁg‘:@ge °es<9?}93 SHOEsHEne pegtan Eggé)ﬁr tggalids beipg 20wt% 9,
vl st ok i e S
- h - 2-propan wano ) rich), .
45%0%%@ @{‘é‘i‘ﬁﬁ@ﬂggf’i‘é SPPEUGIEP Py Patfeymansreroducts), 16wit
EpoBhalti50rspbxy (RéDIARMEELrfdmAn t\.’ébﬂodugﬁ#i%.éiwo gfaﬁliﬂ@%ngﬁtriazole

stirred until_ the solution becanme honbgeneous en’
(Lageapter §ypthesis: Iag)- hathT-SDzanfahé a’!ibaelftiltmateandliopanﬁicleSOWtian from
| ) . and.the m xt ure was_.shear .
PP A e PRER Lot BTt e el By 15
homypgehemisiand dhen Hidtrye tirenglae Oy sahRréhegpRaer. 2250,
ol dschm dt Chemi cal Corp.) and 0.05g of 2-, A-, 6-

Comparative Example 5C (Comparative of Example 5)
2 g of a 40wt% 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
(Lancaster Synthesis, Inc).) and 2 g of 1-methoxy-2-propanol (Dowanol PM, Aldrich)

were placed in a 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,
9-bis(3-chloro-4-aminopheny!)fluorine (prepared as described in U.S. Pat. No. 4, 684),
678, 64wt% Epon 1001F epoxy (Resolution Performance Products), 16wt% Epon 1050

12
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tri met hyl benzoyl - di phenyl - phosphi neoxi de (TPOL, Ci ba)

were then added and the m xture was shear m xed for
war@rherseB80 seconds. It was allowed to stand apdI/Ukm®ne/044055

filtered through a 0.45 mcroneter filter. Exanple 4

0.25 g of poly(alrha-nethylstyrene) (AVS Mh=126, 000,

Mv 133, 600, PDI=I.06, Polynmer Source, Dorval, QCE,

Canada), 4.75 g of cycl ohexanone (Lancaster Synthesis,

Inc.), and 1.63 g of the silicate/titanate

nangparticle solution fronPreparatory Exanple A were
ePOxy REBSQIBU%P gf‘la‘?ltmarﬁé Proghstsd, QAW %GtS-phingbanzotiadts (lant4ster
SyhihesiAWR hash 8 lichRAa RS nbd .ough
R B P2 (e ick Al g A s HomPreparatory
Exqnplgfamgre plecest infxeiab | Bhedgonfen2Ewereadtirred until homogeneous and

thef KR R O RO MG co) and 475 g of

cycl ohexanone (Lancaster Synthesis, Inc.) were added

Exi ?eill al. The sanple was stirred at 50 OC until ANMS

ssolved, then filtered through a 0.45 m croneter

filosp.g EyRmphsiyl h&&?Aﬂ%ﬂW@éﬁ%@ﬁéfﬁé dyfthB%none

ent jn toluene, the solids bein

(Lag-aéFeg(Syné}ﬂSiﬁr beg, 348 eopfitbagilicate(ianate ngqmpepalesblaton from

) i A 84 678), H4wk % E .
PrepRalor) BRtmblt .14 0915 e pofl Sl ho-sietinders AR aggicn)
werEsdded 350 vidp oXhe (iRetetd was stirrddenfti hoRReende dHe fiered through a

% 5- obenzotriazol e (Lancaster Synthesis,
OA?W?%&%%%?SQ g of the silicate/titanate

nanoparticle solution from Preparatory Exanple A were
pl aced in a vile. This m xtu was stirred until
Cony PAERIIVE ILXamQ .‘_5- G pIyya . v Hea 0. 45

m c@.8 oly-4L iRy Iph&RITRA [ BchY F1v rative

of Ex%ﬁ ,}ts) SR AR ASHEG RN 6284 %ﬁ%@ﬁ%hs’@we
(Lapgasteg Syathesis: Ine.) sand 4181 Hgiof pol¥(meRaBne-co-formaldehyde) (Aldrich)

o3 L A PP A B SR E% esac

a 0.49edicrogpvenfil(eResol uti on Performance Products), 16w %

0 0

Example 8
9g of NSEA, 1 g of pentaerythritol tetraacrylate (SR444, Sartomer), 10.41 g of
the ZrOp 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.

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-diphenyl-phosphineoxide (TPOL, Ciba) were added to a
vial. The sample was mixed until homogeneous and then filtered through a 0.45

micrometer filter.

13
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15

Epon 1050 epoxy (resol ution Performance Products),
0. 4w % 5- am nobenzotri azol e (Lancaster Synthesis,
wo p@y/o§16end 2 g of | -nmethoxy-2-propanol (DowanPdT/B84006/044055

Al drich) were placed in a vile. This was stirred until

honbgeneous and then filtered through a 0.45

mcronmeter filter. Exanple 6 2 g of a 40wt % sol i ds

crosslinking agent in toluene, the solids being 20wt %

9, 9-bis(3-chloro-4-am nophenyl)fiuorine (prepared as

descrlbed in U S Pat. No. 4, 684), 678, 64w % Epon
ution Perfor mance Products), 16wt %

E t
po mligﬁﬁ BROXYvdrERRRAL Y hg[}gﬁ%{[ﬁa%gdgg?g ?X:gyggﬁg o§)I‘i (Alfa Aesar)

0. 4wt % 5- am nobenzotri az
wag ﬁE“}ttef ghento, th gul'ﬁﬁcetdf a 508 cmd:lyeﬂ 08 bmrgm shida Qh&bisio@xl Blass),

folfutt 0800 ARRGHFESY, &) LR Re Grerd Flrsragn dbisctumtece

wag hmanéd $etqee1ai‘hlly|wnhl Q&t&@(]@dﬁeﬁ)r PRIEr Bhkérd ea[nﬁ a DI water wash

| | ph Il (Ad
T g5 o Dot e s
sur§yea] &tﬁﬁpl%tel}‘ E@ve}l ?théf;&ug THE [gtleﬂg sﬁas% ivadk ét aﬂ‘g%t etyeen 4000-

nanoparticle sol u ion from Preparatory
61¢) BPM fpr40- @bwen@q and then treated asraﬂwsy dﬁ)the( &dsdiHxaples 1, 2,
he m xture was stirred until

2CHBA 3B eV Befed fictahlG Forsugivusesotius cpesed teddis Vom? UV

5 I
en ;gjr '.f(ﬁrc °f?m8‘2F§“"i e %ﬁgﬁ%ﬁ%ﬁﬁ?& @%ﬂ? @tethm%eg%gé;}{ﬂ% e&fto

4.9¢ Jsm? BV mgsoﬁexmnekmgamaﬁt@ﬁe &B/Eké&ﬁ%lbﬁ 407 dnd 7C, the

i bR TR e bt i 1a e e

of Btamples!S 5T, dndle) BROSIROMS 1] ffdni i %&9 af i’é@@.h P%Qﬂf@
dleggc rometer filter. Exanple 8 9 0]

Pcawas Aigd angh cured, mcpsdiesiedmea acesam topangi 600 Aungtroms
of Au QW]I]%SZ&&&%C%& R/théD eﬁ% vgzﬁac[%)f) %nﬁaq?] 16:)%1&12188 cggtag't_. ’

4-, 6-trinmethyl benzoy
Measurements taken of the resulting capacitors are reported in Table I.
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(TPOL, Ciba) were added to a vial.
honogeneous

m xed until

wW@O@20b3/00m66T oneter filter.

(Compar ati ve of Exanpl e

pent aerythritol
0.015 g of 2-,

6-tri net hyl benzoyl
Ci ba) were added to a vial.

4-1

- di phenyl

of

honbgeneous and then filtered through a 0.45

m crometer filter.

PreparatT

e by Capacitors AI

The sanpl e was
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typically lead to greater dielectric constants.
Various nodifications and alterations of this
WO pweneicon Wil | becone apparent to those skil | BCI/Us20061@44055
art without departing fromthe scope and principles of
this invention, and it should be understood that this
invention is not to be unduly Iimted to the
illustrative enbodi ments set forth herei nabove. W
claim 1. An electronic device conprising at |east one
el ectrically conductive el ectrode and, adjacent to the
Weegladext r ode, a dielectric layer; wherein the dielectric
1. | QYRp RQIBAI-HTicR cBHJp)‘i'gﬁr | 4t 141R1 %ﬂf?(elé'agcalﬁ) &Qﬁﬁﬁ\d& &18ctrode
the polyneric matrix, netal oxi de particles; erein
and} &xacent & the xiateopera dicleesicHayeer; whegmii the fdiglexdtrio feyler comprises a

porfiREhEpgiy B Sirat et At g TR B M PR Py Hatieeren

-the hrfetd] RRideadariEled BavidRdrpanic fithctibhsl gbesd dovaieatld @vii®to their

according to claim1 wherein the nmetal oxide particles

surfage, [apd avhipgsin the argppicfupctiangheronps gedigh ety baygd e the

IWiheridma@ieHf and Si. 3. The el ectronic device _
po%k%%rgﬁhg to claim1 wherein the nmetal oxide particles

include Ti. 4. The electronic device according to

2. ) 2l heSL R DS PEABDLS TS LARED e B3 TS ctes

nol ecul"ar™ wel ess and are accor

inclizie nfetalsudlected frOm) KQerauRbgnsistingid?: TR ,)Zr( Hf apd Shere Q
is. Si or P=O where each R is independently sel ected
fromthe group consisting of: hydrogen, alkyl, and

3. Subshé tldt@shialdkyice a¥doRdiag @8R 1l WhirbhaRE Rt toxYde particles
sel ected fromthe group consisting of: hydrogen,

inclydgfii.  substituted al kyl, al koxy, substituted al kxy;
where, when Qis Si, x is 1-3, y is 0-2 and x+y=3;
where, when Qis'P=Ox is 1-2, y is 0-1 and x+y=2; and

4. 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)y(-CH2-R?) (I)
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 R2 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 metal

oxide particles.

5. The electronic device according to claim 4 where Q is Si.

16
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where the open oxygen val ences are covalently bound to
the surface of the netal oxide particles. 5. The
web@ehewr ¢ devi ce according to claim4 where BLT/BS2006/044055
Si.6. The el ectronic device according to claim5b
where: each R is independently selected fromthe group
consisting of nethyl and ethyl; and R2 is -CH2
-(OCH2-CH2-) Z-OCH3 where z is 1-19. 7. The
el ectronic device according to claim4 where Qis P=0
8. The el ectronic device according to claim1 wherein
6. t hélhsollsatmnicderags aogordingtogleint R vdferel pol yner

.Melected fromthe grou nsi sting of: acrylates
oS RiTa epertssnd seiebied Sioan e SPim oo ety and
ethylidigl al cohol's and acetates. 9. The el ectronic device
according to claim1l wherein the polyneric matrix is
cr q51si -G (O-0H, Ul -3)-0CHpwheredaigileE.accor ding t o
claim1 wherein the electronic device is a transistor.
11. The el ectronic device according to claim11 wherein
7. Lrendl SEU AN SeAeVldidil B GRRFS iRk Ohg oy PT1 Nt ADI €
i spersron conprising: a% a curable ¢ osition; b)
net al oxide particles; wherein the netal oxide

par.ti cl.es have aqrganic,.functional .grau caovalently. .
8. bouthe GIEHMNS FoGes ForoRting Hrelaiie | aYHFTEiRARe PO IeES matrix is a
matfid € bipdhgtherefidRs 26:8 thofroup \Bhasting/of Aenglates, Metadtfates,
of the curable conposition. 13. The printable

CPOYIES O8NS M BTmPlImRy S+ e ad¢qholpangrcetptsss a
jet-printable dispersion.1l4. The printable dispersion
according to claim12 wherein the organic functi onal

9. gr dlipselesteomotedor adcondihg tdcaima 1tvwheagin thaypolyuferic maatrix is

cms%leﬂgetH_e conposition and do not react

10. The electronic device according to claim 1 wherein the electronic device is a
transistor.
11. The electronic device according to claim 1 wherein the electronic device is a
capacitor.
12. A printable dispersion comprising:

a) a curable composition;

b) metal oxide particles;
wherein the metal oxide particles have organic functional groups covalently bound to
their surface, and wherein the organic functional groups are not covalently bound to any

part of the curable composition.

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

dispersion.

17
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with any part of the curable conposition to form
coval ent bonds. 15. The printable dispersion according
W eoocleiony 12 wherein the organic functional grPCUPESANE044055
not covalently bound to any part of the curable
conposition but nmay react with the curable conposition
to form coval ent bonds upon curing of the curable
conposition. 16. The printable dispersion according to
claim 13 wherein the netal oxide particles include
metal s selected fromthe group consisting of: Ti
14. 7r  Thef prigtablsidispemionppscpting taglpian d srherein dhe @nge@tpd’uwglonal

¢ [ d
sroly g OrRGUAICHG Bl 1S B P bt BcURPRA oo 1 g reac
witlwigr parhof the curagmc@npmmmn mr@hngxo&aﬂpntlbrwle a rml ecul ar

wei ght of 1000 or |ess and are according to the
formula: (-O)XQ-OR)y(-CH2-R 2 ) (I ) where Qis

15. S Thie fisPablelidRreacicdBidihg td éudﬁﬂendm&ém thebpahRGunctional
fromthe group consi sting of: dro%%l al kyl , and
sroupn7at peteR@leatlRound i fwy Rart Af theicaradlrieorapeRitien but may react

w1t1§ Sk ffe E&ag&glhsn%% %%E%Mb& ncnmg QR qurable

yl', substituted oxy, substituled aI R
(mnuhenwp when Qis Si, x is 1-3, y is 0-2 and x+y=3;
where, when Qis P=0O, x is 1-2, y is 0-1 and x+y=2;
and where the open oxygen val ences are coval ently
16. bouTiek printhbie dispretsiaeaciording torelaizh 10xiltecipahd hﬁt& sxideéDarticles

inclplE R HTEe P o 06 O GURCURESE A0n e AR N1 gt

of 1000 or Iess and are accordlng to the

formula: (-O)XQ-OR) vy (-CH2 -R2 ) (I.) where Qis
17. 5 'bpe prigpblgitisRerder hcqarcﬂlgg tmel@mé Adevhargindbe metad @xidegrarticles
incl,A€TYr oup consi sting of:

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(-O-R1)y(-CHp-R2) (1)

where Q is Si or P=0;

where éach R1 is independently selected from the group consisting of:
hydrogen, alkyl, and substituted alkyl;

where each R2 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 metal

oxide particles.

19, 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:

18
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hydr ogen, al kyl, substituted al kyl, reactively
substituted al kyl, al kenyl, substituted al kenyl,

WO e@cheed y substituted al kenyl; where each R PGI/US2006/044055
i ndependently selected fromthe group consisting of:
hydr ogen, al kyl, substituted al kyl, reactively
substituted al kyl, al kenyl, substituted al kenyl,
reactively substituted al kenyl, al koxy, substituted
al koxy, reactively substituted al koxy; where, when Q
iIs Si, xis 1-3, y is 0-2 and x+y=3; where, when Qis
P=O, x is 1-2, vy |£-Q)~))3.QQ36)6[RJ(M—£2‘12&¥U wher e(ihe open
oxygen val ences are covalently bound to the surface of
t hevhige & iso¥iad=8ur ticl es. 20. The printable

dIS rsio cor to cl is Si
TR oot RE T indsaeB sfedrdingt e drtn ShpetinBare o
hydtos‘geﬁl alk? subdtigutBd kikiya blaafbu%@%b%t@féd@ﬁl%ﬂf Akog1t §ﬁb§ﬂ1t%'té@
where: each R is independently sel ected fromthe

alke@bfblﬂﬁacé‘éfﬁ'éf%lbﬁ%t“&falmhyl and ethyl; and R2 is -CH2
23. The

pri ‘H}E‘%fs Ie%&gﬁz é%}’&}%dﬁ‘a@% 5 Fﬂ&g #8“?:8‘&55?‘1%“%?@?‘& efi s

hydﬁyg@n Aty I&&ummhmg ReddtiS B9 sEbQRuRAGOE] diRery?, éil'bﬁﬁtﬁ‘ced
wherein the curable conp03|t|on i ncl'udes a

alkeéla!l aeactiychrsimedpliseny L odesiys sphitued alkexy, raiwés'e?/ Substituted

amﬂy§thacrylates epoxi es, styrenes, fluoropolyners,
vinyl al cohols and acetates.25. The printable
di syksrs; wheraﬁzoslswmlg lt-h eis&-2randxwred;ei n t he curabl e

CONRSRL /S HUGES TROEUSE .l BTG ool ect e

where tHBaQJeylloactyg&; vﬁpﬁb@s@ﬁe c@,ta}ﬁxﬂly&ﬁ)unﬂ It EHeQElaydTef the metal oxide
v|n | al cohols and acetates. 26. The printable

pPartiflesser si on according to claim 13 wherein the curable
conmposition includes a crosslinking agent. 27. A
met hod of making an el ectronic device conprising a

20. gi efhkecprintablgisiispsryion pesgeding to claim 18 where Q is Si.

21. The printable dispersion according to claim 19 where Q is Si.

22. The printable dispersion according to claim 20 where:

each R! is independently selected from the group consisting of methyl and
ethyl; and

R2 is -CH3-(0-CHy-CHj-),-OCH3 where z is 1-19.

23. The printable dispersion according to claim 18 where Q is P=0.
24, The printable dispersion according to claim 13 wherein the curable composition

includes a polymer selected from the group consisting of: acrylates, methacrylates,

epoxies, styrenes, fluoropolymers, vinyl alcohols and acetates.
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the step of inkjet printing a jet-printable dispersion

according to claim13. 28. A nethod of making an
web@echewr ¢ devi ce conprising a dielectric whiRdI/US2006/044055

includes the step of ink jet printing a jet-printable

di spersion according to claim17. 29. A nethod of

meki ng an el ectronic device conprising a dielectric

whi ch includes the step of ink jet printing a

jet-printable dispersion according to claim18. 30. A

met hod of making an el ectronic device co risinq

. . a .
25. di dhearintablofispprsionccgensing tneclaime b3 Biberaik thecuralle fempgsition

. - 1 - < . 1

ol Sho i) B0 ol 5100 Rt aicl i Londlly N Aeples

methiceylatssy dpoxids] sthreinas [fudespdlyeerst epybdlcoimids pad agstates.i ng
a jet-printable dispersion according to claim?21. 32.
A net hod of making an el ectronic device conprising a

26. di eNRCirHtabl¥aispBrsiditddedating feclsine P3 Sfherdik thesdurghle BbinPgsition

. a_jet-printable dispersion according to claim26.
includes a crosslinking agent.

27. 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.

28. 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.

20. 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 18.

30. 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 19.

31. 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 21.

32. 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 26.
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