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METHOD FOR MAKI NG ELECTRONI C DEVI CES USI NG METAL OXI DE

NANCPARTI CLES FI ELD This invention relates to nethods
wofoerd4neg el ectroni ¢ devi ces using netal oxi deCcT/us2006/024377

nanoparticl es. BACKGROUND Organi c sem conductors can

be processed at relatively | ow tenperatures, and are

TR M rte ol EPAROMEEFICPS DS B 1AL Sxoe

el ectroni c devices (f NANOPRREICRESanic thin film
transi stors (TFTs)) have therefore gained attention as

a technology with the potential to enable a variety of
# i cations centered around |ightweight, flexible,
OW- cost el ectronics fabricated on plastic substrates.

The Théy inoéntnaelatet tomghods ofidlting bleeurdc devisestuspigaatthlyoxide

|nfer| or to that of inorganic TFTs such as, for
NapIRFFHAlES. sili con- based TFTs. In addition, organi C

sem conductors can be degraded when they are exposed

to certain environments (for exanple, solvents during
BAGCKGROUND ocessi ng) Sone organi ¢ sem conduct or

mat eri al.s can eye stableln | . at npspheri c
Condreruh s RaRbEeT Fon B BresSet aRETL S EORRICE R gnd are

thi¥RloRipafibR viflteRPedfirt VOERT e 4abMateR sAGH S fot Qkéllﬁﬁl‘ésplaﬁ[&:d
once they are sintered, they are typi cafly I npervio

subsirates| Qeganis. eloxtrahicidsriges Gfprrexaagpéer srgeair thivefilas ’@a@lws (TFTS))
ha}le {/g}elfgr%@%h%gﬁ&?n 1%11%n {hﬁ@ fwgthsthe f)gtel":f‘tgal L Qﬁa%%né 9ar1ety of

we recogni z

applﬁ@hoh:h&fnﬁarédsar@uﬁlﬁﬁghtf?v@fght} fle@ibid, ﬂM@JcMsﬂeerbﬁlﬂ@ﬁb@bwb@ on
nmet hod of maki ng stabl e inorganic el ectronic devices.

plastic syhsyratepn one aspect, the present invention provides
a ”Bf‘h%‘érﬂ}{mem%é of8re@hlic TFTs, however, is typically inferior to that of

inorganic TFTs such as, for example, silicon-based TFTs. In addition, organic
semiconductors can be degraded when they are exposed to certain environments (for
example, solvents during solution processing). Some organic semiconductor materials can
even be unstable in normal atmospheric conditions.

Nanoparticles of inorganic semiconducting materials can be delivered using
organic solvents, and once they are sintered, they are typically impervious to solvents.
Additional TFT layers can therefore be solution processed on top of the sintered inorganic

layer.

SUMMARY

In view of the foregoing, we recognize that there is a need for a relatively low
temperature method of making stable inorganic electronic devices.

Briefly, in one aspect, the present invention provides a method of making an
electronic device comprising the steps of (a) solution depositing a dispersion comprising
metal oxide nanoparticles onto a substrate, and (b) exposing the ﬁanoparticles to light or

oxidation treatment, or a combination thereof to form a device layer.
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el ectroni c device conprising the steps of (a) solution
depositing a dispersion conprising netal oxide
Woanapatobs cl es onto a substrate, and (b) exposPomyUsive6/024377
nanoparticles to light or oxidation treatnent, or a
conbi nation thereof to forma device |ayer.In another
as pdstanothBeas |
TFT conpri s.§ﬁgé’[ fﬂrl:lg 11?{&32219%1‘0@&}%3 Qg%&ﬁﬂc{&?%rﬂ%leﬁ'% IT?? c%mgnsmg
they S@mfs(abwlwmnﬁqumhgg 8 dmpmmdwompnglngstmicon&mcﬂlmg metal oxide

o b S5 B S b e 5 g
layepf dndi{@) dptionklly Setjddtialg therebiREM §dnﬂ901§ﬁ1mo? %f‘ﬁ) eﬁst-deposmon

| ayer to post deposi tT on processing.
Pm@ﬂﬁéﬁ%‘gﬁ’e RELEHS “sigisriog® m&@nsrﬂggmgmgnambm'tlalbs at temperatures

be}"%@j@'ﬁfr%a{ﬂgég&ﬁ ow their nelting point. In still

anot ‘the invention provides electronic

devilnesll am@théliFa'Eﬁedwtﬁe iV8htieh progideBeBaetshi@de it and TFTs made
jnv§nt|?‘ﬁo ‘?‘ nmet hods of the invention allow for the
usingthe mgthods obihe igteation i de- based el ectroni ¢ devi ces

gnd THE Feetfdds iR inY&ltbn! o %tfgfr@?gﬁ%rﬁ:éﬁgn of ?1?’[61 {nlugg- 8sfed

the 1 nvention therefore ena cons

elestrexic dewices aielvTEléssataeidu%ﬁ'bmwmtpema&eaﬂ%enﬁl@crtlsiotfithbanvention
stra | ayers made

such, a i cs.. Sem conduct or
R SBhBng b DRl s P iie SETben gL T L) Bhprratote sensitive
subbtfafe8RB¢H dsMfadige, for exanple, U S. Patent No.
6, 294, 401 (Jacobson et al.) and Ridley et al.

Sci Semécondg@or agers @112@9 Qi)onvmmnopamckee nambmnhlmively Unaiablesor air-

se@g% (gé{;le? %9(%1%‘8 E:g{jlﬁg fgﬂ%ﬁ@ 1g JBQP gcﬂg%jal R;%Cf g.}dley et al.,

Sciaxtd QS@,MF{M%)%&‘E&H s@flicbRduch? 1BRINRSe Rbmidd8mium selenide
i nvention, however, can be dispersed in water or

nalefrpgﬁrﬁlf‘é hagtq b fabricated Enatwingt atmespherg ghévedrogani ¢

|
nlagopartl es tg&ggesdg 3%1;?145&8 (\fﬁo‘ids @Jﬁe{r’rvg?téo%gowever can be
dlsscxised: 1nomate|1|eqnﬁsgz;n1m B‘oﬁvéﬂﬂsﬁ ioken &@lli’ﬂtﬁé(J?ldldﬁbﬁg"amc ligands or polymers.
article ot her erjials. (for exanp
Thgslﬁ §V e @sﬁaﬁﬁw‘%mnogﬁﬁnﬁeamm@lsv(@reéiﬁpmbstm by sadwtiane
depRARBAUKIIRS &niBYRicTR ﬁﬁxﬁ%%fcle‘g%? bhiRY%A %ﬁ%e( @} exDE gﬁgsﬂlcon
tabilTity ena

stable to oxidation. S es proce
gemyfanine amd icalmbn skdenide)omatat oxltiesanotpamcim thiaed ;hecafddltlonal
adxpagl'tadl%le (Zg)lf 98n§ 8&% o o%?cldaggﬁ This stablflty abrﬂgs procgs!s{ng 0 %}?enr%etal oxide

nanoparticles in a variety of oxidizing condition such as, for example, air, ozone, atomic

oxygen, or oxygen plasma. Such oxidizing conditions can efficiently remove organic
ligands, if used, from the metal oxide surface at relatively low temperatures. Sintering of
the nanoparticles can also take place at relatively low temperatures.

Thus, the methods of the invention meet the need in the art for a relatively low

temperature method of making stable inorganic electronic devices.
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oxygen, or oxygen plasma. Such oxidizing conditions

can efficiently renove organic ligands, if used, from
wo bh@7/met098 oxi de surface at relatively | ow PCT/US2006/024377

tenperatures. Sintering of the nanoparticles can al so

take place at relatively |ow tenperatures. Thus, the

tion nmeet the need in the art for

DQT%Z gﬁggﬁbmg\?v@?gﬁnperat ure method of maki ng stable
Method géivlakine] andilecirinic Devicees. DETAI LED DESCRI PTI ON

d of an Electronic vic . The net hods . of
e iR 1A A T s B8 Seriek ARG ecdcvices such s,
foid@ydnﬁﬁé ﬁb&hoﬁstraﬂﬂto@)(m;(& 16 aﬁaiomf msfo?égéﬂlﬁut A

(for ‘exanpl e, |unction tranSISt rs or
tr&nSHM$)Stﬂlod®)(f0r®lX@m;al§ ligiwreneitmgpliades), pl:;d)tbveitalm Bemgors, solar cells,

gidgd s), photovoltaics, sensors, solar cells, and
[ sﬁ’? A net hod of the invention for naking

el ecq mamcfa ¥l @Q8ntioAVBt MBRing @ledirbMb dEERESINYINEs Slution
dlsger3|on conprising netal oxide nanoparticles onto a

depositeg adispersiad C@m@ﬁsm pasial weideinanepanidyes erite heubgtate, and then

oxph AP Ra L P P g S BB B Sl o

fotrayielevio laged The @ewb@la\ybxi & el ¢oREULd iedcdi which
conductj ng properties could be useful. The device

se Fucting oy sonqusting Reapsttiss cauld bausefild The devicajayer caarbe, for

gﬁat Eg%cbﬁt}iﬁfor l%e? %%gﬁﬂo&& h/élaﬁ%oncﬂﬂtl% f6Ld 9n eiectr?{%

ndporting layer e transport l'ayer
traanpdrtm@ ybmag éple tmnspdrang layer, aPighf ﬁnmthig/]ayélher fihe Vike: ePreferably,

conduct | ayer n. el ectrode | ayer.
the o § SESREiefs tvsn Of Frslevieai s e
nanoprdel ik ‘faifel( fstf@fmédsfrorﬁ%c%l d%de%n@ﬁeﬁﬁbl@é ﬁ}ﬁath?‘ﬁlﬁ{i& oxide

at least two'dinensions inthe 0.1 1to ran
pagisilgsdtavimgrableast towidimensiorslinte (bl tmtqp nmwmb )Sultahld metal oxides
1n<91lil(?t ernar% net al ,oxi.de congtap Usef ul in 1 mat al

O HRBAY HETRG A0 gHatRiaRon ; CEpRPIndF | iy metal
oxide®Znclédr2fdB ex4Re) 7Y 2.‘53028&&)3,|\4|3@ ’la()? @5&@3’ @ Ag20 BeO,

efuI ternary net al oxi des i ncl ude exanp

Nl@g e likg Jhvasul tepayangtal @@dwzmlud@dmmle ecg@nQBAngoz,

CERY IG5 0o B, SUBARG R o

MgiingO1, I8eClii0s £Zn @€ L nyIny Os, ZnsIngOg, ZnSn03, ZnySnOy, and the like. Useful
quaternary metal oxides include, for example, InGaMgQO,, InGaZnQ,, and the like.

As is known in the art, the alignment or structural order of the above metal oxide
compounds can differ for each polymorph or crystallographic phase, and this structural
order determines the electronic properties of the device layer. The crystallographic phase

adopted by the compounds can depend, for example, on the process and conditions under

_which the layers are formed. Internal defects can also be controlled, for example, by post-

deposition processing. Therefore, metal oxide materials can be semiconducting or
conducting depending upon how they are processed or doped.

The device layer can also be formed from nanoparticles of normally insulating
materials that have been doped to make them into semiconducting or conducting materials.

For example, zirconium oxide (ZrO,), which is an insulator in its pure and relatively

-3
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quat ernary netal oxides include, for exanple,
InGMAHA, I nGazZnO4, and the like. As is known in the
w@eao7/084088 al i gnment or structural order of thePEbUS®06/024377
nmetal oxi de conpounds can differ for each pol ynorph or
crystal | ographi c phase, and this structural order
e ML
e B D bt oy the ) of ma0s

to nmkre‘gommja; sen@nomiBpEmIior cfoa;ducémgnmtgualo,gf)qah@e me@a(l; gge@atgﬁ for
e RS i L SRR g Bl i

ato@ggﬁ(glec{gq@dtl on proceSS| ng. Therefore, netal oxide
material s can be sem conducting or conducting

dep@igi agemmondtkwvxg {ayeyisaiesirgst dde E@&Tﬁ‘é‘rthﬁéb‘*eﬂanol’ﬁ@des

devi ce |
o S B B ARG 00 e
prefBdify [ hefer (RADatRAM cendycts ' ngosr prEQMﬂJ)thlremgsr rIMneaboat SO em? V-
For exanpl e, zirconi um oxi de (Zr2)
'shas estimased by thetvan ggi Bavapanetherd éf‘t’he@éll%ﬁé‘él’ﬁé gt a F%@ gysigler thin
filny. %g}ée %g)xf)dﬁlg%% #ager% gégn,fe!ffl C@ﬁtpréﬁﬁgﬁ‘ tt {Hegtag%@ﬁabsecorﬁﬂlse a

sem conducti n
mefaPBLide hhviflg Feéstativity lesé\k}iaalabmﬁ lrﬁk-fftfa-lcnt (nbcaxe ateé@fablbfdcss than about
gxanple, SrTiO, BaTi@3, and CaTi B) can al so be made ‘
10° s@rﬁfﬁbnductl ng by dopi ng with atons such as Nb. Wen a
ni’lce‘?é}gllfigt fhP Q Vigy fe‘tgelj i8 folaRl RN néiﬁopbﬁlcl%rs %Bﬁlﬁohﬁlﬂgtzhﬁtomde or

t he nanop ’rtlc es conprise a netal oOxide havin
tin oRide) drtaycogrtémdtion thdreof, miovapreferabiy,\the éev(upmlﬂger is ?ormed from

na§paiEIe 8PP o Raho o0t pB0c gy el TR e v
lay§§gé #BispsteRy the van der Pauw nethod vvhen measur ed as

a single crystal or thin film Wen a conduct
i s Semimesdal thdelr@n?Hf’éﬁ@??r wigh enginc eride 3ad aagﬁﬁeaa@%amcles are

co
co n&lal%oav?l%@% @(I%tﬁlé r)gei geprrle?qu%g% bec‘ §}l \ﬂge%%e% gﬁitﬁg if%ﬁ{%hs
chéﬂh@ﬁl?met?b@lf(eéeabdr)exaﬁlbb Weydsivees| Aylnga’&r f181 4@H(2A008)nPacholski et
nanoparticles co
oL s GO | LhdPAbFA00RG iRt 8 driS. 301 G0 Sgaf shim
et %._13 f‘gﬁln'@ﬂe&rs H3f10Rg5| deO?? o??ﬂ?§ ial nR8hos Q&eof@r dRample, Yang
or " ‘some appli cati’ons, erable that the
et dleWdveFlay dviatee 10f Zﬁﬁs@ﬁﬁk)ntmd Park et al., Adv. Mater. 14, 1841 (2002)).

Preferably, the metal oxide nanoparticles are synthesized using an organometallic

precursor method. Metal oxide nanoparticles can be synthesized, for example, by first
forming metal nanoparticles through decomposition of an organometallic precursor and
then oxidizing the as-formed nanoparticles (see, for example, Nayral et al., Chem. Eur. J.
6, 4082 (2000) for the preparation of tin oxide nanoparticles; Soulantica et al., Adv. Funct.
Mater. 13, 553 (2003) for the preparation of indium oxide nanoparticles; and Rataboul et
al. J. Organomet. Chem. 643-644, 311 (2002) for the preparation of zinc oxide
nanoparticles from Zn(c-CgHip)z). When the organometallic precursor is air-sensitive and
decomposes in air, it is preferable that the metal oxide nanoparticles are synthesized by
controlled oxidation of the precursor in solution (see, for example, Monge et al., Angew.

Chem. Int. 42, 5321 (2003) wherein zinc oxide nanoparticles are formed by allowing a

-4.
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Some netal oxide nanoparticles such as zinc oxi de and

tin oxide nanoparticles are comercially avail abl e.
wORM0aI0449%8 de nanoparticl es can be synthesi zed PGI/H§2006/024377

vari ous chem cal nethods (see, for exanple,

Vayssi eres, Adv. Mater. 15, 464 (2003) Pachol ski et
e of ACACE achd apd AN (AR WS e soom
tegherpturseod Taag et 4] d&to (LE@()Sl4)3)— 48, pH{26050 avhereth biemm oxide

noly 35 cl e TR et ooty aenaianigm i dimethy1
sulféde hnd ligHrRlk &f afphaic sbfﬂlﬁoﬁﬁltl%bm%fnﬁ@raﬂﬁ‘écbapart icles are

synt hesi zed using an organonetal | i C precursor nethod.
Met al hedmtalleommp@ntlclee bavszat ldast teyordimessiaein thonanoscale (that

f t ti I es, thro
o R 1 o e PSP B IR T8 KR s
one Xlﬁlﬁd:rﬁid’ig nidilep@iferﬁﬁl& nesk thasHdat 10 Gt $hé}5@£1 hafv@ "varlous shapes (for
npl e, Nayral et al., Chem Eur. J 2000)

xpBpIey sRbcripalpEzabRpRe, 67 nqrnoww@kmubbmfrwm' ng meseén Some
[ 13.. 5

ooBRURRL T Ao ol ULt s R R0 Pl g,
in Rahabmlicatidnsait.cad be Gl gange®is.to Eblﬁ'la bigdbetabédmuldidibdal distribution

%200% or .the preparatiqon of zinc oxide nanoparticles
of ngé StI5RQ YheynanoRgkticies ¢ ° Brgjaraesttightly evhen deayrasor
depSsit@lir - sensitive and deconposes in air, it is

preferable that the netal oxide nanopartl cles are

sy nt’fflnesmzdcbw rponparttleschnde digtersed iwf stlventpand golusion deposited

o 55 P SRS e R e
co%x?éltﬁlﬂa kithahe §h0%61@ sélﬁﬁﬁ&’ep@ﬁﬂ@h ?%Maﬁ@eﬁséﬂ Q)&)tlonal \/& the

Zn(C CoHNn) , glan s, and tetrahydrofuran t
IS@%‘iwrCétl@O@prls% l@rnp@ﬁaoﬁadéltw&ﬂ gucheasgfoaexathple, suaﬁacstants The
dlsjggltﬁ oon Gﬁ%{dlg’ra %41%Pr1§efs(fr20 Oge)s%% §%1%q 1%@ 0 greaﬂer t‘ﬁan gbout 90%

naim;ﬂrt(@g&diy&@ﬁghﬂ: Alstialemteyd byt @l afkiM inlthélhiBthdideal concentration will
su] f oxj,de and I| ands in organjc sol ution at room

varyepeiding peon thyghosea salutien deposiignapthad- cl es have at

|
i e L e
tedanqub d%s exdrapleSihe dispetsionatn be dsﬂiosﬁﬁbgﬁl bpie msatgrg,, dipogting,
I th bout, 10 They can have
mdisF B GRS pORtE, g ing ST ch ro A RLERnEor

fleRGIIMMiE Brintdid aﬁ&t}féfhk%apﬁéfeﬁg)lﬁ'tﬁ@&s drfiof %gosued by spin coating
applications, it can be preferab e to use

or g pRBlinEieEHAEE. shapes and/ or sizes. For exanpl e,
The substrate can be the substrate that supports the entire electronic device

(“device substrate™) or another layer or feature of the device.

After the dispersion of metal oxide nanoparticles is deposited onto the substrate,
the solvent can be evaporated, preferably using heat. Useful layer thicknesses are
generally between about 5 nm and about 100 nm, Preferably, the resulting layer thickness
is between about 15 nm and about 60 nm. As is known by one of skill in the art, the

optimum layer thickness can vary, however, depending upon the type of device layer
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in sone applications, it can be advantageous to have a
bi modal or nultinodal distribution of nanoparticles

WG Rmem4908 t he nanoparticles can "pack" nore tiPg/U§2006/024377
when they are deposited. The netal oxide nanoparticles
can be dispersed in a solvent and sol ution deposited

beiﬁgﬁogtggcri ?flfcgfh% '8l Gise 6 te %Bkéfgrﬂé dEAc MM BB réBing Jayer is not thick

: es are dispersible and that is conpatible
endwgh,gantdddit'x_ohaissetutimldepbsiﬁordmdsine'rfcrmﬁ-oces_s can be

e i et SR B PSR (o BBAB wtmoe
(U?jJ lesﬁﬂ%%ﬁ“iﬁfgarg@ ﬁ§1@ﬁ) SPELiMRM tERRRM) drh waihndtRashére6MThe light

8ss than about 1%to greater than about 90%

and?iafmqri:éatibh ddeatmeny fuses, gh agglowerateskihe wAnaRprtisies teffork p dpvice layer.
in e art, the ideal..congentrat] ' .
oL SR AEDI DA ke B Mo et cxic
sholMELhSREPEFcPAblF,aRe Ravelends bf keht inoresereasit tatnetheibamigzap

any sol ution depositjion technique. For mﬁl e, tfhe
enalgy phihs instal eaideh Ehereloss if@rergoséyneé%ioggld@&a@?ﬁ& t §inse erable.

coati pg, neni . ng, - . .
B R i

f I exnon@nkbe bekughlieddor atthiid)bylanieacinRr éfser, ail'y flordseent light

di spersion is deposited by spin coati | Nt i
(olesbiiighiihen TR bt 8f & J24RMYEV RS SUGHREPUY TS aip- Préferably,
S i . r . . > . _
oY 8P LR LS P, i g o
exdhplesbyt hHE8 s pew prassureinamatrpbredinge nanoparticles is

Gehge O e SO 5 S Sl P
exé(%gfeﬁe Gfontie oi‘&@enlg 8N&LsRlh YlaRhWeRMie bR¥tenand MegatileBbduatged

nm Preferably, the resulting layer thickness is
oxpatnvienncaategendrsted s asansgabeRce O OXyEen ARlasma g@ﬁ@mﬂo%y}r they can

one of ,skill, in,th t .. [ '
ve gk ot b b BB LAY fipogioras aias

Joﬂaﬁm_es“zt; o5 @99{4? ORgganslastiecarts generatt! tytevaieacofoedns known in
evi ce.

et oo ool Sl 1 b R
L e .
RS ARREE Eipbes PYpERR NS etagposed Lo 11 O

ravi visibleé, or infrared

| i githe nestaloxidddbyaran be pattemned, farexamplerbsinginkgat printing or
matlsﬂienrgetgghhiq-lt-lgg 'llol ;gatgttem using masking techniques, a metal oxide layer can be
deposited as described above. Then, the layer can be patterned by exposing predetermined
regions of the layer to UV light through a photomask, which permits the light to pass only
in accordance with the desired pattern. Only the regions that are exposed to the light will
sinter, The unsintered regions can then be removed (for example, with solvents).

Multiple device layers made using the method of the invention can be used within
the same electronic device. For example, a doped metal oxide layer made using the
method of the invention can be used as the transparent electrode in a photovoltaic device.
A semiconducting layer comprising a metal oxide that is not transparent in at least a

portion of the visible spectrum (for example, Cu,0) made using the method of the

invention can be used as the semiconductor layer in the same photovoltaic device.
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and/ or oxidation treatnment fuses, or agglonerates, the

nanoparticles to forma device layer. In general, a
woenehengt h of |ight that is strongly absor bedP@lUS1066/024377

metal oxide should be used. Preferably, the wavel ength

?L light is nore energetic than the band gap energy of

1 o P o R o using
anysuseful agethdder exanple, Cu Cbvisible |ight i s

suff|C|ent UV |ight can be.s for b
Bipsrayersaadle vige (e Petod ot BRnfinyap Spoch AR fore Borous
thah hagr@ o thsah ﬁht@h&l@lmahé 8% btheP hethodBATHYThEtRY Pf ©i8 $WeRtion can
cury arc Preferably, the dried nanoparticles
thefeﬁy;e tbe |part&mkad3eﬂeﬁ1bfolr implringsaeusing tayers fongensmsudisay, o example,
upplied, for exanple, by a 185 nm | ow pressure
targgé,g%qeyscgﬁc | anp. Oxidation treatment can be carried
Meﬁibtdoffl\%klﬁé@"l‘ﬂineﬁﬂrﬂﬁé}ﬁlsaﬁone treatment, exposure to

atom ¢ oxygen, en plasma. Atonic oxygen and
ne gﬁhlmfdhytrmzstcg% e Hﬂyﬁg asrp pastienlarhnusséil @éﬂ? estonis dgvice.

onsequenc
TF@% g%’?ﬁ%ﬁ’é{@}ﬁ? ﬁ%g{{jsgﬁgr ﬁltlbgézgg, a%a%él@&%o%t@ ﬁgqger{r st&‘asﬂbsu ate, a
gatE Al QKFTH the gﬁ@%@ﬁo&é adlourceAhd\A digin eleatro®23d] %nt to 'the gate
1994)). Oxygen plasma can be

die trmggm;a quqtog hayenpdiagesgio tﬁ? ggt%bé@%anq\%acﬁ#%ky to the
En
soq&rg dg Ira n@esctt IS’FU e 4 F%&ﬂ@@ﬂ@&?@anorﬁe BLasHEd B@@Gﬁr%‘tﬁof

Engi neers, New York
corﬂf%hlétmns Tihe ermhple, tha solecd a}cbdranmiedn@dmméqemdmcelﬁtd@ the gate
usi ng

t
dicksppiib s st et i e SRE i SRR & R
sethR¥BAuctRNaRe cALRORI Fcke@ BethRef HicRBEr-aRAY Graid Bl%ﬂtxodeb and the
ayer can ‘be patterned by exposing predetern ned
gaﬂeelgalemlscof the layer to W light through a photonmask,

whi ermts the t Q_pas ' :

¢ i P sdR v i s et o Ritng RS HABAR imvolves
sol Bt PR agshsitglatBsget g cdﬁhﬂrim tf&hﬁcfondiﬁétﬁagllﬁétﬁkﬁﬁd@danopamcles

regions can then be rem)v fﬁsor exanpl e,

ontsl oA, anisintetisigdheiaanoparticlsy & @%%6‘%}%‘?%0% layer.
ol & ?&q‘o ?nadtegxecdrgl\ﬁg @(L{h%'})rgsgﬁt @@eﬂfﬁ)ﬁgzaﬂ%é Bf&l&eﬁ%nsﬁé%strate

ni c vice oped netal oxid

(“themiyistor Qulskerated). Mhe tlansistot hﬂndtraxé tymwlhymupmrtsdhe ¢HR d!iélng
used as the tran par enlt: el ect ode J[r (p

maga{achEing, testing, an or use. For examp e ofie transTstdl'§

for testing or screening various embodiments while another transistor substrate is selected

s(%ra?e may L %e selected

for commercial embodiments. Optionally, the transistor substrate can provide an electrical
function for the TFT. Useful transistor substrate materials include organic and inorganic
materials. For example, the transistor substrate can comprise inorganic glasses, ceramic
foils, polymeric materials (for example, acrylics, epoxies, polyamides, polycarbonates,
polyimides, polyketones, poly(oxy-1 ,A-phenyleneoxy-1,4-phenylenecarbonyl-1,4-
phenylene) (sometimes referred to as poly(ether ether ketone) or PEEK), polynorbornenes,
polyphenyleneoxides, poly(ethylene naphthalenedicarboxylate) (PEN), poly(ethylene
terephthalate) (PET), poly(phenylene sulfide) (PPS)), filled polymeric materials (for

example, fiber-reinforced plastics (FRP)), fibrous materials, such as paper and textiles, and

-7-



10

15

20

25

30

A semiconducting layer conprising a netal oxide that
is not transparent in at |east a portion of the

woe@rbkegpect rum (for exanple, Cu20) nmade usiPGI/UBE06/024377
nmet hod of the invention can be used as the

sem conductor |layer in the sane photovoltaic

coa%?\ﬁir Bficonngl lggtqﬁic%ﬁg Phé&Blye theaRflsikRY Sitsstrede doliprises a

ectronic device can be fabricated using any useful
polyméfiontateriBevi ce | ayers made using the nethod of the

is 2\,@ r%f?léﬁ)zq. &gtfsgs%]rast&gstb e %{kagr s%%?v#gx éféeh&!%aeé@ﬁ{eﬁ%@& § f&ible

tradsiiforisO¥ERtd ARvE0r IdNesr6éeasife Behipiafdaly Gelcafitintious,gironidingr
maki ng sensing |layers for sensors such as,

ecogmiamolf ecale andyeongmy of mag@ﬁagt_uri%pﬁ@cﬂaépn%kyigiérsgbspﬁt% The

=il m Tr.ansi stor, Thin fil ' .

fexiblediobtinar Pyt ep b phar S T o ahihd e

cir@{Teleabd ¥f 4 findeeofdeds tiRasdbdtins0 atldidnase(predergbllyeless than about
el ectrode on the transistor SUbi rate, a%

25 dinaliametet; enase profesaiys lessehacaboyt 0; oL gts Ergglté{ﬁ]cfs%\tha? ahopt >
cmﬁ%ﬁﬁ%@%@sﬁg@%ﬁ %? g{/&tglﬁﬁmg ThegatRedt tthé BexiBRdra@sistor substrate

_ djacent to the gate dielectric
of @Bhhadiiac enund @ phheusouylindeatygicdipislow shras g smaspistaghand
conponents can be asse

(th@dﬁmi@gugfhe@#g_of lewgrs.dn l eeg,,l{y{ar?gﬂi\glg{?ingéﬁ/ealﬂ%).d’l;kﬁ pﬁeferred
ﬂe)?lh%ct}arngﬂﬁﬁ sgl?s@ra{%ecafl%je A ug'bﬁ itsé)e gate dielectric with

t
sem conductor l[ayer over the source and drain
el eThe gateslectrodd bdita EERicanboanyt usetul gyxy}ucﬁmm{g@rial. For example,

i nterposed between the saurc d ' .
o R e e
cmgﬁﬁ&ﬁfi%cﬁ&, JIRKI, AGCkEE palladiiie, pratduad wdidamy exsd S@histd, and

epositing a di spersi on conpri sing sem condyct i ng
trangpaEint ooriddetirmerdges uck peidiwm B gxidlg 08 £ dgped ziggxide (for

sintering the naneparticC ysonduct or

exgryRlg, alumy _ ﬁ%?c?g Zé\rgcg}d( v 4 | Aﬁ ?}lgﬂ% E@eg]rzgéiﬁmghvent i on
can c%d%mm@%am aldo satbisd uisal efof Etanapis pelyemiline or poly(3,4-
substrate"). Th

BT N FEEREAETE R ST -
ol LML SRRSO R IR S I, e o
mattidl eapetviierthe pansiestrade foudimrandalsoprewie theagypport function of a
transistor substrate. For example, doped silicon can function as the gate electrode and
support the TFT.

The gate dielectric electrically insulates the gate electrode from the balance of the
TET device. The gate dielectric preferably has a relative dielectric constant above about 2
(more preferably, above about 5). The dielectric constant of the gate dielectric can be
relatively high, for example, 80 to 100 or higher. Useful materials for the gate dielectric
can comprise, for example, organic or inorganic electrically insulating materials.

Specific examples of organic materials useful for the gate dielectric include
polymeric materials, such as polyvinylidenefluoride (PVDF), cyanocelluloses, polyimides,
epoxies, and the like. Other useful organic materials are described in copending

application USSN 10/434,377, filed on May 8, 2003.
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for commercial enbodiments. Optionally, the transistor
substrate can provide an electrical function for the

WaBm7/0es ul transi stor substrate nateri al s i nPCTIT82006/024377

organi c and inorganic materials. For exanple, the
transistor substrate can conprise inorganic glasses,
cer _e@iﬁfc‘ékﬁlﬁglegef anfc fals ﬂgqi’ul(ifopt)he%?ermlﬂ%ctric include
acryl'ics, epoxies, polyam des, polycarborates,
strpotlgtbmt@afatep (biltgdawspfiﬂmnatpsg Iayﬁminmlnbxﬂdepmﬂilgdm@wsytantalum
1, 4-phenyl enecar.honyl.-. 1, 4- phen ne) .(soneti nes,
ot BAGA EE B i, YrRek et By Sns TPty Hanate, and
baBQYAROBAE HBNEE, [PAIdYRIE Qwé}%n@&ﬁ%iﬂeﬁfon(s,%ﬁxflﬁtiwn%fb? these

napht hal enedi car boxyl at e) (PEN), pol y(ethyl ene
materialp parnbe useé Yor(themte dipbdciiphenyl ene sul fide) (PPS)),

fillgd I ] teri.al for e

1 bet® e Bie¥ SRehfo TSl e TR} B sovpied famythe gate
elécuolle B tHeaPes didleetric whild @S seARYEAR@aydr cHR 608V &Dr under the

nmetallic foils. Preferably, the transistor substrate

sopisapleckede andisripplaciredergihespurice and draisvelettendes eanshesanyruseful

. . Wi i nventi.on... A
coB 0 PLRrAET AR R O SRR R il above o
thepgaie elssirody, fosekanplepaiuenue batitmpetsciupy, Ohodiing, &P BY1d,
.,0f s,cial e g econony of, manufacturing over, flat and/or
silygrypig el dlorings I, BRI EAneRase CeRGBicting B ush aS indium

. Ly i . o .

o B RS eGP AP R AN Bl

dogéchnme exid¢)p pelyenidint,\PED@T P SShatheadvadtctitfy miyrdéraadloss thereof,
re..preferapl | ess than ahout 10; nost preferably,

€0 g?tlgﬂsatﬁ?ergﬁgﬁgdgwi -‘/Wﬁmﬁ?? di storting or breaking.

The Thefeig filksdedr@d¥y @t id) ene Jaexd iR db ! RN Qrode, and drain
substrate of the invention around a particul ar

elesirpdngan be prsivided by dny usefiyl msansisuelsas foraxamples by glatiagdnk jet

(t.-hat | ' . e aid,of, |levers chi nes,, . .
pripiEacs b oor Yebolitin EOT R i Ri o PBGR bl Biriprine) Paterning
of theathBi filiro¢lestodss sl I RAGMPEshed bl ReowR aiethddlith asTdperture

te electrode of a TFT can be ani/ usef ul conductive

marsingy dodtivembptadichagsanhy, subragiatesheiodithagsenhyc Brntingspri¢roeontact
ARSI, BRSNS TN PR o
sut¢heast fdr ergmpladrapartdeposition enplagmabspddepdsittmnduct i ng
oxi des such as indium.tin_oxide or a doped zin ide .
(t ort P RamsPRdueLgr <R G d & eds aveorgitieds Ui el ot fae invention
is fbPREd fréhen®dndBdting metal oxide nanoparticles (that is, semiconducting metal

oxide particles having at least two dimensions in the 0.1 to 100 nm range). Preferably, the
nanoparticles are less than 50 nm in at least one dimension; more preferably, less than
about 10 nm.

Suitable semiconducting metal oxides include, for example, the binary, ternary,
and quaternary metal oxide compounds listed above.

The semiconductor layer can also be formed from nanoparticles of normally
insulating materials that have been doped to make them into semiconducting materials.
For example, zirconium oxide (ZrO,), which is an insulator in its pure and relatively

defect free state, can be doped with In,O; to make it into a semiconducting material.
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Conductive polynmers al so can be used, for exanple

pol yaniline or poly(3,4-
werdoyloenesli oxyt hi ophene) / pol y(styrene sul f onat BT/US2006/024377

(PEDOT: PSS). In addition, alloys, combinations, and

mul tilayers of these materials can be useful. In sone

Al FJeS efal' Gl ftﬂpéﬁfd | SERI,PREVICICarid @6} oot bt Beaifde

tnet on an so provide the support function of a
senhd:c&ldﬂ(:iﬂ’ig)by mpngwahetonﬁcaucleasaﬁbl e, doped silicon can

et DR SER S i P RRGbe bR gt ercr
thaﬁh&?ﬁk nQge v 9 Ih&% phEbABEe gfhick t}anEEJutde)\um?e\f‘ angat e
ectrlcg ablypas1 relative dielectric
prefeoatdy.aneaterts ealbsisbil rp {Vmﬁr o apestimatesdpythe yav der Bawimethod

ielectric of the gate dielectric can
wthmle%slugﬁqd é’ﬁ}nﬁ%‘? %staf%rﬁhg&nﬁl%l e, 80 to 100 or higher.
%?ﬂeélfegw? ahé drgichRiuctditaygaisgothal ﬁ@mrnaﬁolsaanmlesammprfsmg zine
xanpl €

organic or i norganl c el rical
ox1d¢lsmnaox1|dg, aratcembiagion earafy meredyaiei %i% Ses}lé%ﬁ‘iuetor layer is

8‘#%{3} cféL %r%nstl{xgﬁlg@%ﬁ dQ' el ectric include

as’ pol yvi nyl i denefl uori de
( F’VP}'eferalﬂyaﬂhe @@ltdl okids @anoppetiotesire enthesfros using andganhmetallic

like. O her useful 8gﬁganl c materials are described in
Pre@‘éié‘éfrfﬁf’ﬁhg afb %aen V®ISSN 10/ 434,377, filed on May 8,

200y, ??Pé?ﬁl' {)ﬁcﬁla é?ﬁ@{a?ﬁxﬁg nhﬁWaﬂﬁ:ﬁEs%aﬁBﬁ% VadoBis Wil for

for ectric include strontiates,
exdngpié, abhdsr&&l rod-slzapad, es,namwm)mdé)s of aipnyirigrriaes oXraetimes it can be

prefg | ll%lg%ugﬁxe{ gq%agggtlogg)? % ? %g? o %%es %a:‘: u %%(irt%n sometlmes be

adJahﬁa%eaIseco h8a BRidddndzhikietdbedisiibanat 6f nahﬁpaﬁddlei slm so the
[ 0ys, conbinations, and nultilayers of these

narmamcilealosn mkbmoy%@ghtbowhqrh@eﬁg aedleppsitedet ri c. The

SO u e e I | T .
sep 3{1}?&3 P%ld%%%}lji ésad é’g { ?S%glrsgg fiSa ﬁ{lvé"ht :angd s@ifon deposited
oni@i BBtk dté. C]?he\ﬂiﬂﬂemddt%niﬁ mlep@ﬁlﬂd ohtmrthd: a;hstrate aingengyelution

or under the source el ectyode, and n eI trode The
demsitiopdeatvi: Bonexamet: o diporioh 98 b A Poried G s Coatte; dip

coaﬁ%gdfﬁ%}xfs JSQ\E@ g?zlvur L%)%%H% 1ﬁf1hQ{e§hﬁlaﬁésL§ﬁ€h aPRk j&fprinting,

Sena escrl efor the gate

ﬂeﬁd)gi'ﬁﬂilﬁ@ﬁﬁntlrfg;) andaﬁxaﬂ;kbel?re&lra.hiy ribeglispersion iy depasitsdiy spin coating
chr.om um co‘%) gold, silver, nickel, palladium
or & PHEFRY {eFhRiA¥e nj um transparent conduct | ng oxi des such

as HidkuiBstrate” onto which the semiconductor layer is deposited can be the
transistor substrate or another layer or feature of the transistor. For example, in some TFT
constructions the semiconductor layer is deposited onto the gate dielectric (that is, the gate
dielectric is the “substrate”), and the source and drain electrodes are deposited onto the
semiconductor layer. In other constructions, the source and drain electrodes are deposited
onto the gate dielectric, and the semiconductor layer is deposited onto the gate dielectric
and source and drain electrodes (that is, the gate dielectric and source and drain electrodes
are the “substrate”). The substrate could also be an optional TFT layer such as, for

example, a sealing layer or a surface treatment layer.
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tin oxide or a doped zinc oxide (for exanple, alum num
doped zi nc oxide or galliumdoped zinc oxide),

w@odoyaniobs ne, PEDOT: PSS, ot her conducti ng pol yPrer/F52006/024377
al l oys thereof, conbinations thereof, and nultilayers
thereof. The thin filmelectrodes (that is, the gate

el e@tfﬂé@%ﬁg d&%&] fREdi§eRs 1‘1 etap&ﬁdéjﬁﬁioﬂaﬂc%tii @éi)%);ltéaadhto the

be p y any ‘use means such exanp
subbtyatp,l th¢ salgegnt mnkbq: eYappraterd; prederalely uvmscheatd @pmcalﬂy, I(GSId‘rlng

N TR N S

15 %%HBB&%@%WAK ﬂé)mm;h&i&oﬁumnaﬁe apahé bptemum layer
maski ng, addit’ive &pot ol i't hogr aphy, subtractive

thigknotsehan vhyghaytner, dependingigponihe Fioe o daiice [syphbaingforaed and

the%?} ég ! &Jﬁ%%fzt@ﬂggﬁgw %iﬁt%g s%l[tl%:étlge}‘xeg hsgr?dg tlggk Qﬁo%\é'hdeﬁpaddmonal

solGEROEpbEiRGN 8dn B FerfRmbased deposi tion. The
sem conductor |ayer of a TFT made according to the

met Eb@n@ropméle. lmm sen gienibs sindrad Fintedpg gaéhl?ec%?ﬁa@emhqa using
anyr}g? k %%glglgn e, esﬁ%@@a&gﬁg%\t eﬁlge&ﬁﬁb§ﬁ’ég6‘\9%énnﬁeltmg point.

I mensi on
Slritéhrigfb@,n @e &cdo@plﬁﬁedj forr exage)e, unghent Abghy (fot keample, UV, visible, or
nanoparticles are less t nmin at | east

50
infRiroREREb A OGRS XBRE A CEHBLEL FODRTS to atomic
oxygfht (ﬁ%x‘?g&ﬁ}g‘c\%ﬁ%‘jb‘&{ LSRG thOsbE@s: dxARIpd @5V /bne treatment or

anpl ary, ternary, and quaternary netal
pulsxihdema pressins). | | st ed above. The semi conductor | ayer

| .
|C ﬁg §ﬁ’é%§’ﬁ3’yr}°§?€?ﬁ“§%es‘{°?‘hnﬁl’ ?n g 3{’%%%"}{1%3% %Elg@?a%%aﬁlgﬁ yWP%n using

hedt! rktn?ce gﬂgé—l@t dc@élmﬁﬁilﬁﬂ 'aﬁit fempiture 1ehe abolf 2/8 R tid melting
oxi d Is an insulator in its pure and

pomteb%tﬁlﬁ u@w OdléiﬁeBllefQ‘rﬂéB sintetieg is eaeprprlishedai \WpPRrafe tggs than

mat eri al . Al kal i ne
ab%@?%m"%gﬁe @ Slgg‘é[)%%[‘n%& %tt i3, BaTi O, and
CaTi@@h veig 11phs for l@ﬁltém@eammalemg“tﬁ of hg]nghahiys slmqmgm;galwotm:d by
atons such as Nb.” Preferably, the na

thedmrplr ot ShoRBk s sk TTBIerN: Hip HENAEU G 4H: £ e agigetic than
lﬂaﬁa gglgou , }i%ﬂgg nén\é\ﬂi oxidk, F&Drfﬁst %e@aﬁ%&fﬁéh%’ pre@f8 8k light is UV

1°s 1; nost pre erably, greater
lighthan about 50 cn2 V 1 s 1) as estimated by the van der
Pauw net hod . .

Atomic oxygen and negatively charged oxygen ions can be generated as a
consequence of oxygen plasma generation, or they can be generated through methods
known in the art (see, for example, Tagawa et al., ATAA Journal 32, 95 (1994)).

Oxygen plasma can be generated by a variety of means known in the art (see, for
example, Finn, Engineering, Chemistry, and Use of Plasma Reactors, American Institute
of Chemical Engineers, New York, 1971).

Preferably, sintering is accomplished using a combination of heat, UV light, and/or
ozone treatment; most preferably, a combination of all three is used. UV/ozone can be
supplied, for example, using a 185 nm low/medium pressure mercury lamp. A high-

density infrared plasma arc can also be used for pulse thermal processing (see, for

example, Ott et al., JOM 45 — 47, 56 (2004)).
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when neasured as a single crystal or thin film
Preferably, the sem conductor |ayer is forned from

WO 20060at0p8 cl es conpri sing zinc oxide or tin oxXPCEUSING/ER4377
conbi nation thereof; nore preferably, the
sem conductor layer is formed from nanoparticles

c Ofm%ﬂioﬁiang thé ABuRiKE d6micBh@icesrdah Ye stibjecte®iciiostdésigition
nanoparti cles are Synthesi zed using an organonetal lic
progessiog te bnproee Hosemisondusiingsronertips womeThetal oxide layers such as, for

R SRR SR S Ly e
a TPRREM cofduciitdafee ufifessEY hilkGubjegied to Sewrdtpasition froeannpePost-

preferable to use a conbi nation of shapes and{or_ )
depesifien pracessingxeanmpdude, forexamplenarncAkng Heiil AMNeHiag Holpsming gas
t Q. _have i a d ' ' ' f . .
ol RS s TP7 DoV Al B D v vt

atofiiy 18y dird @t dlnyag\iyigeat agfwaéxt aoreiitﬂ(ﬁg@ief@doly;rdlmeadhtgih fornbidg gas).
nanoparticles can be dispersed in a solvent and .
sol 46 pesd }@%s epaglipgt Heapsdigaling %toé{ ¢ aﬁé‘ﬁn&r%’ér awign Typically,
am%ﬂfh&?ﬁv&@@sol?éa{iﬁg 1P Hethplefiure YUBSH ﬁﬁﬁexﬁc%rﬁﬂerﬁﬁi/e, $t K64 @An
eposition technique. "For exanple, the dispersion can
abone2/dexfdlss meldinh pompbfithe madtal ngrided Prefaratdy) anpealingris geaosnplished at

coating,  qQr: ting, i.nt i ng.kechni h
tessiian Aot B0 ors WG Leri et aB #RUbITEr g, and the
I i keypdtifi8 akhi¥ hﬁﬂ&@aﬁ(}ﬁ&%%@ @xd%&%&ﬁe&ﬁ@c@%eﬁtﬁﬁtﬁn of

coati'ng or a printing technique. T "substrate" onto
excessivshoxygen stomsdoadetal oxidedgysr. Atomie prkpgancaads gsactaied, for

t [ trat h . .
exaplgR. oy ShEFae e Bl RO il Ik vyl ch SRME i catatyic
cheki€al SBFOIGRPEIGSDEpParY @Y (sées felepatmbles TamrhDettaheJigat eAppl. Phys.

dielectric (that is, the gate dielectric is the
5060s1p3s 41 €2002))and t he source and drain el ectrodes are

depgaieh %gllng%g %nH%ﬁt @o%ﬁltfb%@,dtﬂg Eéél?icbfﬁi{ﬁfor ldy'%r ttpﬁ(:ally aged: for at

construc e source and drain electrodes are
leastapdugt preterabiy cat idast Dadys. di el ectric, and the

semn duct | .is d i.ted.onto th _
d ie ?Pé%#gél%prgéggleé %ghﬁg]gqsrlg?rﬁleg ﬁl%g{%fl@&ﬁi% gx%%rﬁg? se[rgl’conductor
1ay%1'gg f@ﬁrﬁeﬁ, (HHaPlsebdfbieCtiad ?@u&&@ oPRENAESHE A8 RREd S8 She

e "substrate"). e substrate could al so be an

senviptnidvatir 145ET) dr after othercIF Takayers or features have been deposited onto the
semiconductor layer if at least a portion of the semiconductor layer remains exposed. A
second post-deposition processing can also be performed after additional TFT layers or
features are deposited onto the semiconductor layer or when the TFT is complete.
Preferably, the resulting (that is, completed) TFT is subjected to a second post-deposition
processing if the first post-deposition processing was performed before source and drain
electrodes were deposited.

Post-deposition processing can also be used to improve the performance of other
device layers (for example, device layers made using the method of the invention for
making an electronic device, or device layers made using other methods). Device layers

can also be subjected to hydrogen plasma in order to increase conductivity.
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exanpl e, a sealing |layer or a surface treatnent _
| ayer. Optionally, after the dispersion of netal oxide

W avepatps ol es i s deposited onto the substrat ePCT/82006/024377
sol vent can be evaporated, preferably using heat.
Typically, the resulting | ayer thickness can be

EXAMVEREPRS about 5 nm and about 100 nm (preferably,
bet ween about 15 nm and about 60 nm. As is known by
one Qfjecikand adyentages ohthis invansion prei fntiar illustntet by dierfoliowing

C ependi ng upon the type of devic
LT T e e R R A A
as Othei cumditiohs hiBdetaBsHolIAtot BY @fnsinsed tmdily ﬁhﬁﬁﬁg %%Hﬁéi{.‘

addi tional solution deposition can be perforned. The

nanoparticle | ayer can then be sintered. Sintering Cﬁn

G Rleh1ed using any nmethod that agglonmerates the

TAENAS nyf at tenperatures below their nelting
point. Sintering can be acconplished, for exanple,

S| heat, light (for exanple, UV, visible, or
F'ﬁ%#ﬂ%\“@ﬁssl i ght), or oxidation treatment (for exanple,

' . 0 n__.
ol o T R e e Rl ST e PR meric
layethickonss. Suleshiatenvaiuesof Es&l‘e&d Ddﬁ@{(wﬁndg,ﬁg ?\%‘E§bl§’c§i}1ecli from cleaned

[ [ by heat conpl i shed, for exanpl e,
S Sk Sl 3 Garones o g 0 et o
6328 GaRliAS R erlofblor DL IRE Akt o Sl 1AL ARG 2{ 13,01

the nelting point of the metal oxide. Prérer Y,
(Gadrimee € §kolgediiomig! A dn€inabpartitieper atas bpplicdlss thdwbstrates

abgut. . 300QC, re preferably, |ess than about 150Q0C.
(e le§%¥§’ indjaiesgrere mepsiachey: 289 evel engt h of | | gt

t hagyi : Iy axiyde ;sho e

s o B M AR o AR O 1 & WEIRBE S Do,
Nebigslra) atais eisediarconstench eptica mpdeln epgrypibte ththeipédlic Oxtistete

. [ S tal oxides r.ef e ly the light is W
m\)ﬁl&l@fﬁ&a' &{ageﬁﬁa@ O%WL 8pstan lﬂ%laéﬁaqb Yith {hedmaggwdves yershunltess
speciiled oft@wide, generated as a consequence of oxygen

pl asma generation, or they can be generated through

met AdBCmrd aiide enisison subsratss, the optick srodelesondiatgd wé 1000 A of

. . . b
S et She UL 158 (R ALl A B i e

corfsisting of 50% SiO; and 50% Si) on top of a silicon substrate. The floating variables in

&

2

the fit were the 8105 thickness and the intermix layer thickness. Typical fit values were
950 —990 A Si0,, 10 — 60 A intermix.

For alumina layers on silicon substrates, the optical model was 1500A of Al,O; on
Si. The floating variables in the fit were the thickness in Angstroms (d) and refractive
index (n) of the Al,O3. Seed values of d = 1500 and n = 1.77 were used. Typical final fit
values were between 1400A and 1700A with n between 1.56 and 1.60.

Once the substrate parameters were determined by modeling s and A, they were
fixed and a layer was added to the optical model to represent the ZnO layer, between the
air and dielectric layers. This layer had a variable thickness and variable refractive index.
The WVASE32 program was used to find the values of thickness and refractive index that
allowed best fit to yrand Ay.
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exanpl e, Finn, Engineering, Chem stry, and Use of

Pl asma Reactors, American Institute of Chem cal
weo@rnewes, New York, 1971). Preferably, sintePCTysS1086/024377

acconpl i shed using a conbi nati on of heat, UV |ight,

and/ or ozone treatnent; nost preferably, a conbination

of all three is used. UV/ozone can be supplied, for

.exa.rrpl e, _L[Si ng a 185 nm | ow nedi um pressure mercury
ThindFihm Txahsisfod Pesformaned r ared pl asma arc can al so be

us far, pul se thernal [ pcessi X .
ok i S S TR REERB1 b5 0y ARl
knovRSitlthd 29 foLHasNIMhevnGR 8. NMeSE Biiptdsedl Semiconductor Devices,
ost -deposition processing to inpro [

P
pags dri clohn Wiléyng Sonepeaw Yesk, 188keA ﬁlléga%ﬁé’qr%}p@%/&nalyzer
S cefor.e i ' : i bi
oS TE pbSURERR A  So AR Kol G el
belek_th sgm conductor |ayer unless they are subjected to
R R
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(Virdh addig'omq::lqsttin@[d ashadunesitoal of 0 ikl ded eyrxe dbieie a straight line fit was

anneal i ng i.s agconplished. at |,e A t 00Gi: < 1;
a3 SR o3 GBS U530 AR M1 GROAG ine s
the 3L BIRFEhEM AP €8). Th oR-EE rafi fvae ¥k hetherdiffereed eeween the
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mimigiugeandmpaximun dirinccuedt dgelush A B lyda&i€ed, for
exanpl e, by the catalytic reaction between H2 and
heated tungsten catalyst in a catalytic chemcal vapor

Msdiefgli ti on apparatus (see, for exanple, Tabuchi et
al., Jpn. J. Appl. Phys. 5060 - 5063, 4 1 (2002)).

eroms T e 0o TS PR RO S o

g e WECHT AR D
AlGSH, SARMIKEQWT) was added to anhydrous, unstabilized tetrahydrofuran (THF,
47.5 ml, Aldrich) in an inert atmosphere glove box and stirred. Octylamine (2.1 mmol,
0.35 ml, from Aldrich) was added and the solution was stirred under inert atmosphere for
31, hours. The solution was then removed from inert atmosphere, the jar uncapped and the
THF allowed to evaporate until dry. The particles were then dispersed in 40 ml of THF
through a combination of stirring and ultrasonication. This dispersion was then filtered
through a syringe filter equipped with a 1 micron glass membrane (Acrodisc 4524,
available from Pall Life Sciences, East Hills, NY), then through a syringe filter equipped
with a glass membrane (AP1502500, available from Millipore, Billerica, MA). The THF

was then removed via a rotary evaporator. The particles were further dried on a vacuum
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conducti vi ty. j ects and.advant.ages of .thi
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Th¥PFBlsfh witthert NRerR@ b &t Agyrit EilteRéduigied vADAI Dinficron glass
thereof recited in these exanples, as well as other

meubratiet Aorediss a2l i Seienses)d Tho T Hevasdhen reyes yia a rotary

undul imt this | tion. T r s i
evapRrtien Bt Py e SRR R oa bu bR SRR ud) XD and
TEMcoffraied tiesiresentess einopartiviegr i ¢ | ayer thickness.

Substrate values of Psi and Delta (ys and Ds) were

bt aj ned. f | d sub :
e iy
m, usli a e . .
SO S O, A G A R g v e

to 1dd Ihmﬂx?hroué\, REEbN28E TR i@l ot OvBsaraipp 4.2 thrhel, 0/68 ml,
substrates (described below), and val ues were neasured

Aldrydh) sasladsierl andthe sobeinrevesstisd epfisignabrimpsplere {yasEaurs. The
solééélgv%% th'gré %Sn{l%%%gltﬁogﬂr}e%?mos g{ég ﬂigggrrtg%?élge?gﬁ%i (‘g t ILeIF allowed
to &p6iafd untid dbs thhatesulting particles were then dispersed in 120 ml of THF
through a combination of stirring and ultrasonication. This dispersion was then filtered
through a syringe filter equipped with a 1 micron glass membrane (Acrodisc 4524, Pall
Life Sciences), and then filtered through a syringe filter equipped a 0.2 micron PTFE
membrane (Acrodisc 4225, Pall). The THF was removed via rotary evaporation, and the
sample further dried on a vacuum line (20 millitorr, 1 hour). XRD and TEM confirmed the

presence of nanoparticles

Preparatory Example D. - Diethylzinc-derived ZnO nanoparticle rods.

Dietheylzinc (21 mmol, 21 ml of a 1.0 M solution in hexanes, Aldrich) was added
to 22.5 ml anhydrous, unstabilized THF in a glove box. Octylamine (0.42 mmol, 3.47 ml,
Aldrich) was added and the solution was stirred under inert atmosphere for 3 hours. The

solution was then removed from inert atmosphere. The jar of solution was placed in a
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by & ommbmamm ef stisring) boatitgto 0NC BdailtraBppicptaa. Eﬂhls dispersion was

eI P58 AR o SADEAABYsafl Acrocie

452(4”95’1‘? ILifé Stithées), laamidaviiehdd Basighradyrifgd Hltd dg@ipped a 0.45 micron
orn was used to obtain the results bel ow.  The
PTEY m@rmﬁc&%mdlacw’e?wr Ralh). EBPrandt TEY @y dijad-dppasagles sopfirmed

the fpg.?s%ltéceoog' 7 ca&?&esrgﬁgfé)gig og%z %@%(1 Qx).nz (93\% @g'Glg% d\fnﬁ’i‘}xg Yia eter

saturation field effect nobility was cal cul at ed from
the straight |Line portion of the curve using the
h I %8f the gate dielectric, the

Suﬁam@@re]ﬂﬂhnnand the channel

Single crystal <100> orientation heavily-doped silicon wafers were obtained from
Silicon Valley Microelectronics, San Jose, California. A 1500A layer of alumina (Wafer
A), or a 1000A layer of high temperature thermal silicon oxide (Wafer B) was deposited
on each wafer front via chemical vapor deposition. A 5000A layer of aluminum metal was
vapor deposited onto the backside of each wafer. In this demonstration, the doped wafer
capped with aluminum served as the gate electrode and the aluminum oxide or silicon
oxide functioned as the gate dielectric when thin film transistors were prepared.

The wafer substrates were cleaved into smaller pieces and cleaned by rinsing
sequentially in heptane, then acetone, then 2-propanol and blown dry with a stream of
filtered nitrogen gas. They were then further cleaned by 10 min exposure in a UV/ozone

chamber.
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' lectron. mc C TEM con d
i BB Db BBl PP oSO B i seies 1008 microns
chdzinpheiyh ZDeviced 6verey Bdn ZRfedn8ARGRS ti cl e dots.
Di phenyl zinc (2.1 mol, 0.46 Ig, available fromAlfa

Aesar, Ward HIl, MA) was added to anhydrous,
PogRepgsition,Bepcersinghy dr of ur an (THF 49 5 m, Aldrich)

| b d. Qct 0. 35
i, TP R o) Shake vt e B oGt PedmeRsiton processing
suéhtds rahREh1AB AR hir] AHARAIMBLABSRIRE Bad OF a%’ing H‘f)éiﬁl?iﬁ nt Phey Yere then

sol uti on was then removed from i nert at nospher e,
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Examples

For Examples 1 - 30 listed below, between 1 and 10 devices were fabricated. The

results reported in Tables 1 — 6 are therefore averaged results when more than one device

was fabricated and tested.

Example 1

Enough octylamine-coated diisopropylzinc-derived ZnO nanoparticle dots (from
Preparatory Example A) were collected and dispersed in MEK to form a 15 mg ml™
dispersion. This dispersion was spin-coated onto a cleaned piece of Wafer B at 1000 rpm.

It was then baked at 100 °C for 10 min on a hotplate. The wafer piece was then broken
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equi pped with a 1 mcron glass nmenbrane (Acrodisc

4524, Pall Life Sciences). The THF was then renoved

intoVfofr ﬁleEé%t Bhoh (¥@PR4sHealed iddiGidRANY inGd BolcHes S50 gNEﬁef ucaipa,
dried on a vacuumline (20 mllitorr). XRD and TEM
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spesified heftthgl tBmPersRIRE The el fedipinsteds tiadgpecificd tehﬁ&rattre for 1 hour,
anhydrous, unstabilized THF in a_gl ove box. e%
andtherpwanellowesl tg gopl to roqra raperatitees TR QeRacth Wer posited, the
I L ijnert atnmosphere for 3Y2
deVEC%IS ltlés’l[e%’l'%le 31]?1{5 %0%13\5\1/2[;{51]thgpllgn1 renoved frominert
at nosphere, the jar uncapped and the THF all owed to
snipe@ ate until dry. The resulting particles were then
d| spersed in 120 m of THF through a combination of
st i Enduglh aetydaminercasten diphenydrinc-Tiarivedir@ aprapsrtioldots Heem

P S A A SRR

dlsl§%16ﬂ Cﬂﬁ§ dlsgéfﬁiioh A8 spihldoated dntdy clegied dicdy ol Mgded B bt 2000 rpm.
equi p 2 mcron PTFE nmenmprane (Acrodi sc 4225,
Thwafey wasrnét marfurpase, eada 8JCUnE TamR rfsmwwb%me%ureé’f?é used

o 5 P TP e S50, R PO SE0°C o

the@ fvagalioped to okt MBoepanpératuye. Boprephac®were deposited, the devices
ethyI2|nc derive nanoparticl e rods.
testefl.AnHa G Aepoptsq 1 rh‘ﬁ%‘?%e% im of a 1.0 Msolution in
hexanes, Al drich) was added to 22.5 nml anhydrous,
ExmgjeggidddZ@d THF in a gl ove box. Cctylam ne (0.42
m, Adrich) was added and the solution was

st i Féesing @ﬁ’@ﬁedﬂﬁéﬁﬂof dlemoapiee dFTatevR el (fiors Ex&'ﬂnples 1 and 2) was
sol ution was then renoved fro

i nert  at nosphe
acopaplgHedds| lagibh RAAIPIREEE 1t HEHSREF DSRTH P Reapthbe of
tub% %er g@ﬁh?sté% Iﬁt@ﬁxaﬁ&%df@ﬁ%ﬁn@ ngg/l(f&?‘?%’(@oﬁhbuque Towa).

ar was uncappe and the THF al | owéd
FoMﬁngng(dP/aHQ 1ruN§)| WasdlqwedAn’s)I the tubewklse wbe axitd ibip spidssure

t f t h |
congioll G EM prisiee g yBinuiet ReBotelet Kl G St 2. MO), an
the %ﬁ%ﬁ%ﬁ@;@g& exitéd MRSa FARR0mf funkR MRd phdfi@d @bntol bk &S sét to keep

the pressure at 500 torr. The tube furnace was heated to 300 °C. Once that temperature

was attained, it was held for two hours. The furnace was then cooled to room temperature

under flowing forming gas (FG). The devices were then removed.

Table 1: Device characteristics from sintered zinc oxide nanoparticles spin-coated onto

Wafer B.
Example Air Post- Sub- On/ Off Mobility, Threshold
firing | deposition | thresheld ratio em®* V! voltage, V
temp, | processing | slope, V/
°C decade
1 300 none 2.8 3x10° 4x10” 10
3 300 FG 1.4 9x10° 1.5x10° 19
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Enough octylamine-coated diphenylzinc-derived ZnO nanoparticle dots (from

Preparatory Example B) were collected and dispersed in MEK to form a 25 mg ml”!

dispersion. This dispersion was spin-coated onto a cleaned piece Wafer A at 2000 rpm.

The wafer was put in the furnace, and a 10 °C min™ ramp from room temperature was

used to attain the heating temperature of 300 °C. The oven remained at 300 °C for 1 hour,

and then was allowed to cool to room temperature. Top contacts were deposited, the

devices tested, and results reported in Table 2.

Examples 7 and 8

The devices from Examples 5 and 6 were subjected to forming gas treatment using

essentially the procedure used in Example 3.
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S Pat ed00 No, 6F8D7, 164 (Baude| et4@0)) to thel0 -2
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d;epogi tegy foll geed By 10Q nm gl unagium | as meagtired by 3

quart{z cryst

| m crobhal ance. Device di nensi ons werg 20

to—110 T T0QO M CTrons, chranngl
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above. Exanples For Exanples 1 - 30 l|listed bel ow,
between 1 and 10 devices were fabricated. The results
Exasipi¢ 9 Rrepiford Bhhmples 10 amdakle t her ef ore aver aged

results when nore than one device was fabricated and
t esFadughociyiphinescoated diethylzinc-derived nanoparticle dots (from Preparatory

Example C) were collected and dispersed in MEK to make a 25 mg ml™” dispersion. This
was spin-coated onto a cleaned piece of Wafer B at 2000 rpm. It was then baked for 3 min
at 150 °C on a hotplate. This wafer piece was then broken to pieces to form Example 10

and Example 11.

Example 10

This wafer piece was baked at 300 °C for one hour, using a 20 °C min™!

ramp to
heat the sample and furnace. After heating, the wafer and furnace were allowed to cool to
room temperature. Source and drain electrodes were deposited and the piece tested.

Results are recorded in Table 3.

Example 11

This wafer piece was placed on a small lab jack in a home-built UV-ozone
cleaning chamber, which employed an ozone generating grid lamp (part 88-9102-02, BHK
Incorporated, Claremont, CA). The ozone generating grid lamp emits 185 nm and 254 nm

light, and lower intensity, longer wavelengths. The intensity of the 254 nm light emission
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Exaniplési2aaddithace, and a 10 Cmn 1 ranp fromroom

tenperature was used to attain the heating tenperature
of 306 walsr pltves GomExagmidsnidchndt] 130¢ge O€atkdm forinogrgas apdh

t hen was al.l o tQ .,cool to roomt 5 ure. T.0
ExER 2 PoeRbip Mo s dueaimap g sie I8P FE i coghfl. te waters
weltE®Hlolved bePREl8 R éshltd aklrécotdedBiamplesss 3 and 4 Form ng

gas treatnment of the conplete TFT devices (from

Exa‘rbn%)l es .1 and 2) was_acconplished by placing the
Tadles: Iedeceharastagistipsifsem siptacd e pridy napargrtiohes pipaeqased onto
tube of a tube furnace (BaVa&tBad | nternational,

ST SHIE R Te! pAgD00)  TIITe SRTBE CONRUEIT Threshold
exi t ed riﬂ%{lgd aﬁé@gwggeg?{hg}o Cf It e(r:) 1(215'1_0 EEM Sc%fl eﬁt i°f i ﬁ:’voltage, v
0Pkl

|

Di gi tlal VacuupPREGH#t 200, St. lLouis, MO
and the pressiure.contr 06 vilt ed into_a vacuum-punp
The pred®Qife tonnewst | er wdsd set| tolReep {hed-MWésufe -7.6

t. 500 tW¥f. Thenonebe fur e was ted to@é&} 0C,
%{%ce t hatorfeenper at ur e ¥ 966 ' -7
12 300°C FG 3.0 3700 0.0006 -3
13 UV- FG 3.4 13x10* | 0.0039 5
0ozone

Examples 14 - 18

Two pieces of Wafer B were cleaned as above. They were then spin coated at 2000
rpm with a 25 mg ml” dispersion of diethylzinc-derived nanoparticle dots (from
Preparatory Example C). The wafer pieces were then heated on a hotplate for 3 minutes at
150 °C. The wafer pieces were then further cleaved into smaller pieces for treatmenf with
a UV-excimer laser system. The excimer laser system was built by Resonetics, and
included an OPTex Kr:F excimer laser (manufactured by Lambda Physik). The laser

supplies 248 nm light in short intense pulses. The optics of the system were adjusted so

-21-




was attained, it was held for two hours. The furnace
was then cooled to roomtenperature under flow ng

wo eooriomgIgias (FG . The devi ces were then renovedr/uSabé/e24377
1. Device characteristics fromsintered zinc oxide
nanoparticles spin-coated onto Wafer B. Exanple 5

thatENENAN dOFleY b PUIsB8f ¢ I3h P Eiol&QPT ORI lé‘xﬂ 16 'cﬂxee[rba/ FacH R@fer piece

nanoparticle dots (from Preparatory wer e

wascidatesiowisll cidlred 58 K)fed 6¥H 10,90 &50535mulﬁﬁ&atla51afﬁg0frﬁ0 mﬂses per

e AT el DR st p P SRR B gposie.

Inited tebRg Rvedlod thhPndHerbfaie santpdéshatved thhﬁne\I\E‘FE‘rbeha\&me The
was further broken into four pieces and fired as th

wafgapiseesprese dhenjtreated Anfiraning gasrad | 5@ Xe o2 hayss ag Hh@é%mhl@ 12.
1, was used. Results are displayed in
Res?ggﬁr S% %'gxlgﬁ%le% Enough octyl ani ne- coat ed
di phenyl zi nc- der| ved ZnO nanoparticle dots (from
TablepaDavize chirdetopstes Br W eaciawllaet pdcesset 4G penaeutidlebased
MEK to forma 25 ng nl TETdbsMesfedi Bn. This di spersi on

.I._n___C.O.a.t_ed_Q.n.t_Q_a__g_l_eanorl ni ece Wafer
Exquprie Thircaiareat | vakosut | n SWe. f hr ARAOLT ad @O%F " il fbreshold
1 rany fKlesarr opdenastiser atluesholdas us@lP t o afMavn % he| voltage, V

heat i nNg pwsesker apucessoig (360pQF, / The oven femai ned at
300 0C€ for 1 hour, and |t hdsvadas |al | owed to cool to

neom tlenmpépat uf e. FEP contELOS Wer e0@Eposi tx@lx 10Re 6

devices tested] andgresults reporte Table 2 ¢
Eiarrpl es Whnd|8 The devicdd from Eg%\rrpl es 8% 6 -6

T e s_ubjm@ged T0 fr@rm ng og@s Treatlgm}t pSI 69(106 89

:,fcutu 0600”’ ple;tkf re u7eu Iﬂ E npl 3 d QIOG 2 292

viee cpabretpraiges fromstntereg 7 e ORhlg | 5.5

SO | >4 uII‘FJ

(Prep for Exarrpl es 10 and 11) Enough oct yl am ne- coat ed
X erived nanoparticle dots (from

R GETE B Gk eshed ond dhanesose |
Kugelrohred diethylzinc-derived ZnO nanopartlcle rods (from Preparatory Example D) at
500 rpm for 6 seconds, then at 2000 rpm for 60 seconds. The wafer pieces were then
baked on a hotplate for 3 minutes at 150 °C. The ZnO layers were then processed in the
UV-ozone chamber under the same conditions as in Example 11. Source and drain
electrodes were deposited and the devices tested as above. Results are in Table 5.

For the sample on Wafer B, applying scans using the typical V¢=40V and -10 V
< Vg <40 V yielded reverse direction I-V curves that did not return to the same off
current they started with (often they were 100x or more higher in Iy). This indicates that
device parameters measured in the forward direction will not be accurate indicators of

device performance. However, the device did behave properly with only a V4 of 5V. This
yielded a mobility of 0.00048 cm® V™' ™.

Example 21
A small piece (containing source and drain electrodes) of the wafer used in

Example 19 was broken off and aged for 7 days in a in wafer tray (Entegris H22-20-0615,
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was spin-coated onto a cl eaned piece of Wafer B at

2000 rpm It was then baked for 3 mn at 150 OC on a
whodoploatoes Thi s wafer piece was then broken toPQI/E8m86/024377

to form Exanpl e 10 and Exanple 11. Exanple 10 This

waf er piece was baked at 300 OC for one hour, using a

Chﬁga %nﬂk%ti} h@f¥Bed Rith Q%aférﬁﬁxy%@%}' En @?ﬁis {0 90615{ inefmbient

edti ng, er and furnace were allowed to cool to
atmiosgierd. éummthemreeestcﬁoaméts araidisplayed ia(Tebler’odexingibe device

deposjted and the piece tested. Results are recorded
aPPie?‘FSJf% 5 1§1prcE§?§r?ﬁ’ngmlaf‘°?’hi s wafer piece was placed on

a small lab jack in a home-built UV-ozone cl eaning
ExSAaRRer . which enpl oyed an ozone generating grid |anp

8-9102-02, BHK Incorporated, C arenont, CA).
Th eT@ez@gw v%“aqﬁadel fﬁgn@]xamwezmpwmmsal%ﬁi airpma dotpbde fon30

minsek 450 Yo venesatil. R gre SRR BABE Measur ed

using a UV Power Puck Radi oneter (UV Process Supply,
IL). The lab jack was adjusted so that the

ELMter sensor was 10 mm bel ow t he edge of the | anp

r ef g hvater RIS ideh EddepI&Y2 Graf ABOwWed REMEern weak dftetdtsel 50 °C

was nmeasured as 6.4 mN per sq. cm The | ab jack was
anreed]. Uswasdretsstet hRgsulih areviaf bleér ece was 10 nmfromthe

edge of the reflector housing that holds the | anp.
EXOx 4vvas‘flowed into the chanber at a rate of 4.2

dliters per mnute. The wafer piece was
ex IO‘T%@ Gaf usdd anw@h {(vaebiokaNRIt@ SR bides, bﬁrhethait they all

m nut es. The "waf er piece was renoved fron}l fﬁ for 30
hamm mdadmgrcon@of@rooéhfmd)lmmﬁw WP EG I iR pR@rpte tor

d h b
GBS Dar ol utdraRa e E PR T AR5 o 13
The wafer pieces from Exanples 10 and 11 were treated

g“_{l@% ging gas as in Exanple 3, excepting that the

rnace was set to 150 OC. Upon, cool.i nq t he )
waf dhs wwéarelsqacbm‘@mmdﬁ 24 s prngaloAdn airo8 Ak pig gl urinutes af

30b r‘JC. ﬁl was restested. Results are displayed in Table 5.

Examples 26 and 27

Small pieces of the wafer pieces used in Example 19 and Example 20 were broken
off and subjected to forming gas treatment at 150°C for 2 hours, essentially as described in

Example 12. Results are reported in Table 5.

Examples 28 and 29

The sampleé used in Example 26 and Example 27 were allowed to age enclosed in
wafer trays with covers (see Example 21) on a lab bench at ambient for 118 days after

their treatment in forming gas. They were then retested. Results are reported in Table 5.
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Tabl e 3: Device characteristics fromsintered zinc

oxi de nanoparticles spin-coated onto Wafer B. Exanpl es
wa4007/04898Two pi eces of Wafer B were cl eaned aspebusmne/024377

They were then spin coated at 2000 rpmwith a 25 ng n

1 di spersion of diethylzinc derived nanoparticle dots
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OtD

ate for
Ewahple piVéafes f Bul-her OmddfEd | i NViobditml | eThreshold
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3 5 For t

VAL ﬂ%@bﬁl S L?illlg t ”ﬁlbéﬂ” ¢al 46'}63]- 401V 4

Af A n Py |
Dy EP}JI
1.0\
LTV

FG 7 3000 0.030 6

o
27
A FG and

118 day
age @

ambient

28 4.3 1.0 x 10* 0.0147 9.8

29 FG and

118 day
age @

ambient

4.1 1.6 x 10* 0.0148 10.9

Example 30

A commercially available tin oxide sol (Nyacol SN15ES, Nyacol Nano
Technologies, Inc., Ashland, MA) was dialyzed for 1 week against distilled water using a
Spectra/Por 2 Dialysis Membrane (Spectrum Labs, Los Angeles, CA). After dialysis, the
sol was diluted with an equal weight of water. The sol was then filtered through a 1-

micron glass filter membrane (Acrodisc 4524, Pall Life Sciences).

-24 -



10

15

< Vg < 40 V yielded reverse direction |-V curves that

did not return to the sane off current they started
wowdaoh/ofwbs en t hey were 100x or nore higher in PCY/US2006/024377

This indicates that device paranmeters neasured in the

forward direction wll not be accurate indicators of

dev r e ' b i

or o SPRE ot e R fos MRUES gofVeCTHCHAR: R o Bersion was
spirdfoafedQafsttheovdfen\at 2080 . Theaampk 12ds thers dl-0; peaedessentially as

(cont ai ni pg _sour ce rain .el ectropdes) .of .the wafe
desiried phvecieaan PEmTgs A b G B Mt o alsd i e o VR Losted.
No kyﬁnﬁstblnb fof wht @Usgﬁ\":eﬁt vefefRds #anQ6Bjected @S todming gas

nnesota) enclosed with a wafer tray cover (Entegris

treati@@ht20 15@B1 Kr tivo hantsi ent at nosphere. It was then

retested. Results are displayed in Table 5. Aging the

devi ce appears to have inproved perfornmance. Exanple

22 Thp1aee HedrlhaPictgRtid oNURXartNe 8inderdd BAS, anvpattielt-based

inar on a hotplate for 30 nminutes at 150 OC. It was
retested. Results are difdpeay¥derB Table 5. Exanple 23

fer—piece—fromExanpt t 3T aq
mfte HofE 150 g él'n all. fﬁjf/vﬁ\/viz:lfs, rem{ﬁ Rés lgagé()ls
are in & PQSIE‘,."HE(aﬂJFP‘g 0%‘; The HY er [us&® 'n Exafpl e 2"
1 was bf OKEPFSPIREO | s EWPEFaY pileces, sudh that theyiall

had soufce and draindeeddeactls on them One piecelwas
ank@al el i nF&r oh a hétpl atle 181030 i A 8403t 150 8
OC. It was retested. Results are displayed in Table 5.
Exanpl e 25 The wafer used in Exanple 24 was anneal ed

in air on a hotplate for 30 mnutes at 300 OC. It was
ret gghisgk ' i hvddewill bdesRBRbSEent to
26 gﬁ%&%ﬁgﬁg%ﬁoﬁ)ﬁs?&ggﬁ%ﬁrﬁé@%ﬁ glrv %i eces used |ir)11§€ﬁr
thoExskiliddeintBe am ovithrandeperting fuwer thelseerieeand spirit of this invention. It

should be understood that this invention is not intended to be unduly limited by the

illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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of f and subjected to formng gas treatnent at 150C for
2 hours, essentially as described in Exanple 12.
woemaloi®9are reported in Table 5. Exanpl es 28 BamugM06/024377
The sanpl es used in Exanple 26 and Exanple 27 were
allowed to age enclosed in wafer trays with covers
Claé{ﬁ?e Exanpl e 21) on a | ab bench at anbient for 118
ays after their treatnent in formng gas. They were
then retested. Results are reported in Table 5. Exanpl e
30 A co rgially, availaple tin oxide sol (Nyacol SN
dES, I‘ngngg}‘)aﬂgﬂ@i/{%th& *gléﬁ Bansi§iQf COMPREEA NG, MA) was
dialy f i | N Ebpedist Edrh@ebinBctiicotflub@n@metal
SpectﬁgﬁPogsg&E¥§ﬁ§§?g%§gﬁgiane (S&gﬁﬁgﬁnLabs, ng
oxide gatoparticleApntoAf substrattial ysis, the sol was diluted with

an equal weight of water..Th ol . L. .
thr oudh o Fuinenbp g Raticls e B RNl 1 8
4524, @al | dptibRal§CiuBRE8SY the réaigasemficondhedr Bywas post-
cl eaned as above. The dialyzed tin oxide dispersion
wiposifomproeessi@d- ont o t he wafer at 2000 rpm The sanple
was then UV-O treated essentially as descri bed above
for 30 minutes. Ca/ Al electrodes were deposited and
the demicapshbé®stdsim Novheretmthe siinspabiatiesconrprisagine oxide or tin
observed. The wafer was then subjected to form ng gas
oxide eqtarrombingtion $renE for two hours. Table 6: Device
Characteristics for UV-ozone sintered SnO
nanoparticl e-based TFTs on Wafer B Vari ous
ridi f i Tathehsd afidaial 2 evhatdinthe naoopaniicles sovamise gincwixide.
becone apparent to those skilled in the art w thout
departing fromthe scope and spirit of this invention.
14, shoplAnbBodpelahst 0 Qdhetdi@ithetrBhSpariiieddntise D doptd insulating
intended to be unduly imted by the illustrative
maggrtabdi nent s and exanpl es set forth herein and that
such exanpl es and enbodi nents are presented by way of
exanple only with the scope of the invention intended
t9 be Thdib@ed ontiinky Heeeie LRl mmoseticléocdnpriveraghetalasxide
follows.Claims: 1. A nethod of, npkjng a thin film
haying adiall mebilibrgseates than abay LsBY (X i Hn depositing a
di spersion conprising sem conducting netal

6. The method of claim 5 wherein the nanoparticles comprise a metal oxide

having a Hall mobility greater than about 10 em? V3s?

7. The method of claim 1 wherein the nanoparticles comprise a transparent metal
oxide.
8. The method of claim 1 wherein the nanoparticles were synthesized using an

organometallic precursor method.

9. The method of claim 1 wherein the dispersion comprises a bimodal or

multimodal size distribution of nanoparticles.
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oxi de nanoparticles onto a substrate; (b) sintering
the nanoparticles to forma sem conductor |ayer; and

w@ ego7optoponal | y subjecting the resulting sem cpOmius1006/024377
| ayer to postdeposition processing. 2. The nethod of
claim 1 wherein the nanoparticles conprise zinc oxide

010.t I NTRX hidhod¥F cBirh AWhI&h 'tl‘x’é“dﬁﬁb?&@l?fs drréosifga%gi@ﬁ%{%%ing ora

of claim2 wherein the nanoparticles conprise

prigging éechaiquihe net hod of claim 1 wherein the
nanoparticles conprise a doped insulating material. 5.
The nmethod of claim 1l wherein the nanoparticles

CONPr | The MetMUM cRXth davithaA e fBsBat® d qiBRBici1Aer.
greater than about 1 cm V' s" 6. The nethod of claim5

wherein the nanoparticles conprise a netal oxide

2?2_{' ng 'ﬁ?éthoc{rﬁ[bééi Jnf lyw eat er: \%hlg ?Erpﬁ%{qﬁtétor comprlseya %)olymerlc

hanamnpaﬂmuakes conprise a transparent nmet al oxi de. 8.
The method of claim1l wherein the nanoparticles were
synt hesi zed using an organonetal |ic precursor method.

913.Th eTﬁ@fh'aﬂxgd o oo }rﬁ”l Me%ﬁ%ﬁ#ﬂlﬁl tg:ing ({I’%Oﬁlﬁ{ls s a flexible

conpri ses Sl ze
pobanmpanmSBkmsw&ﬂawThe met hod of clai m lwherein the

di spersion is deposited by spin coating or a printing

technique. 11. The nethod of claim 1l wherein the

SHRST I PhEmbmhod of bBIR ¢ Wtefeih 8hBimg3Laccd ?h%d*l@ﬂx Heat llght or

claim1 wherein the thin filmtransisto

oxjslgtigmireatment, ans cembimattubthereaf.e. 13. The met hod of
claim 12 wherein the thin filmtransistor conprises a
flexible polymeric transistor substrate.

15. The method of claim 14 wherein sintering is accomplished using UV light or

ozone treatment, or a combination thereof.

16.  The method of claim 14 wherein sintering is accomplished using a combination

of heat, UV light, and ozone treatment.
17. The method of claim 14 wherein sintering is accomplished using heat.

18.  The method of claim 14 wherein sintering is accomplished using pulse thermal

processing.

19.  The method of claim 1 wherein sintering is accomplished at a temperature less
than about 300°C.

20.  The method of claim 19 wherein sintering is accomplished at a temperature
less than about 150°C.
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14. The method of claim lwherein sintering is
acconpl i shed using heat, |ight, or oxidation
wo e@amept , or a conbi nation thereof. 15. The pel/bsmo@624377
claim14 wherein sintering is acconplished using W
| ight or ozone treatnent, or a conbination thereof.
101, ThahgwichiRd d7tlmhal WhddinthereBhifing sehRbhd\drTayer is subj
acconpl i shed usi ng&gqc\ghn%?lﬁgg?geﬁhlgP g E%igi??h%%tc}rﬁ%e{ 1 s subjected
to pagf-dspesition progessingt . 17. The nethod of claim 14
wherein sintering is acconplished using heat. 18. The
met hod of claim 14 wherein sintering is acconplished
ug2ng [ht sethod & GRim 21 GARSSH A rediflting thén TRA RARiQb: is subjected
claim1l wherein sintering is acconplished at a
to Ry posirdeppeien pregessiliout  3000C. 20. The net hod of
claim19 wherein sintering is acconplished at a
tenperature | ess than about 1500C. 2 1. The net hod of
c2Ai m Thevwethet of tlhaén 2¢SiHetdin theSSHGONAUCHRE trhAY®br is Snnealed in
.Subj ected_to, post-deposition processing. 22. The
am 6@"16‘? fminggas, treaiprbwith atonde hydiegen, onagadat ambigntrconditions.
transi stor is subjected to a second post-deposition
processi ng. 23. The nethod of claim 21 wherein the
rebul t Thgmethod of claim 08 avietein the resultinpnhil Blth irBngdtér is annealed in
foranlpleal ed in formng gas, treated with atom c hydrogen,
St %é%sd at anmbient conditions. 24. The nethod of claim
23 wherein the resulting thin filmtransistor is
annealed in form ng gas. 25. A nmethod of nmaking an
el®ct r dinethefbef makispapeliestronge d¢age emiptsingn deposi ti ng
a disp LoR. C r.i.Si.ng. netal oxide. nangparticles onto
2 substy Sy o ceebritte didEsihy PR udeRareparticies onto
a stibgiate; @and oxi dati on treatnment, or a conbi nation thereof

to forma device |ayer., . o
b) exposing the nanoparticles to light or oxidation treatment, or a combination

thereof to form a device layer.

26.  The method of claim 25 wherein the nanoparticles comprise zinc oxide or tin

oxide, or a combination thereof,

27.  The method of claim 25 wherein the nanoparticles comprise a doped insulating

material.
28.  The method of claim 25 wherein the nanoparticles comprise a metal oxide
having a Hall mobility greater than about 1 cm? V's” or a resistivity less than about 107

Q-cm

29.  The method of claim 25 wherein the nanoparticles comprise a transparent metal

oxide,
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26. The nethod of claim 25 wherein the nanoparticles
conprise zinc oxide or tin oxide, or a conbination

wo b@roefoss 27. The net hod of claim 25 wherein tPET/US2006/024377
nanoparticles conprise a doped insulating naterial .
28. The nethod of claim 25 wherein the nanoparticles
COUPr | e gnefddHf c%ﬂndﬁ M?éf&ﬁ%@ndﬁ%éértﬂ%?b}e' o&rd%lw light to
than about 1 cn? V1 s or a resistivit

foub@udevice lgyew¥ cm 29. The net hod of cIa|n125 mhereln the
nanoparticles conprise a transparent netal oxide. 30.
The nmet hod of claim25 wherein the nanoparticles are
e3pOSeqht ehehod @MDY ViR éth I i eQay RYES senBondlfr layer or
met hod of claim 25 wherein the device layer 1s a

5 ancdoptiogndayet.or | ayer or an el ectrode |ayer. 32. The

met hod of claim 25 wherein the nanoparticles are
exposed to W |ight and ozone to formthe device
| ag.er . TBS mellid dTRIMNAR5aFhepdiaithB RRopliaERs Ereteli’]@osed to UV light and
electronic device is a sensor. 34. Athin f

ozppgtesionn dhe deyigsrlp¥arng a seni conduct or | ayer made by
the method of claim 1. 35. An el ectronic device
conprising a sem conductor |ayer or an el ectrode | ayer

10 nmésle bfh¢ hethvdtdiothimf25cligirein A electronic device is a sensor.

34. A thin film transistor comprising a semiconductor layer made by the method of

claim 1.

15 35, Anelectronic device comprising a semiconductor layer or an electrode layer

made by the method of claim 25.
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