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The invention relates to the use of conductive organic
pol ynmers in the production of pixellated
el ectrol um nescent devi ces,THlé&h as organic |ight
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The anode is typically any material that has the ability to inject holes into
the otherwise filled n-band of the semiconducting, EL polymer, such as,
for example, indium/tin oxide (ITO). The anode is optionally supported on
a glass or plastic substrate. The EL polymer is typically a conjugated
semiconducting organic polymer such as poly(paraphenylenevinylene) or
polyfluorene. The cathode is typically any material, such as Ca or Ba, that
has the ability to inject electrons into the otherwise empty n*-band of the
semiconducting, EL polymer.
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The buffer layer is typically a conductive organic

pol ynmer which facilitates the injection of holes from
The buf PET/UBBYE030509
can also be called a hole-injection |ayer, a hole

b} PaoP¥hi buiR¥ fyerdS nIRIE EhRARSVE GG A pBYARK wiltn ®

bi |
o birilictesdBo dnigaiers Of GrloRERST %%ﬁ?wlra@ theiELeolymeylayer.
aTrﬁetH"'Lﬁfe?l@feﬁ"c@hrtﬂsé Bbtcaflé’d ﬁ‘rﬁfle-mﬂé&’ﬁﬁﬁ 2 3/8? éﬁ’cﬁ@'t?an%bort

ol yneri c, di0x net hi o
p y?ﬁé?rl rpay @Ief‘inﬁr%gt ¥%F?a%\ﬁ?rtéﬁ ﬁwfg'%d’l?lr @@Pdf-"a)]-é’P'qff‘bst
haq@e@mdlsabmbl@ atﬁiducﬁxmiu:@alnw pzylyrrrers @h@d&yéooas buffer

o BBt 22 e BeriqbeaR S of POVANTRBTPASINGH A boldistic
admﬁa&yﬁ@leﬂ”anpmenmdopeqawitptawpcai];mhnemm sndnlfspmramdm is

gener alpid fhe mérqﬁ'%@'rﬁ% taf%‘?/\é: éﬂ'r?e Sletfdl ggnﬁuctnnty in

conductiVvity 1S ree magni
g}erﬁ@@@g&tgt@charggé@psferntm @lghesbcorpit@ww of buffer layer
Cflmdéméﬁ ﬁ@irv\@cﬁﬁ mdwmﬁéué@u {kgbwghﬂ’ihe dr'b%lythlo hene

o HRRPHIGR baSTats bl e rinet aegt 107 yﬁﬁagpnae@twy s
adbeut threp ofderimagmitueie tigherthpn oeeessay. dhdeeddn iotder to
Cpfétv%'np b%sstﬂﬁbbé*ry\}%%fa%rod}a%?g ’i8f B%%@Whg elgctFlbélm made

commer aval

pePRduativity ehghn bu@f@niawﬁ@h@ploub@ mngnlaad to Bagut tHZ$cwP
AithOGBndd Vel aﬁéctﬁg%é ‘ﬁ%h@miﬁmérg SHErHES B a@%ﬂll&”y

has conduct|V|t I's too _hig
abtaMing such 3 &"fgﬁ 'Wﬁ@e‘??‘%‘ﬂR@l’ 8 filmJpadaifiogh @, t here
| somnmereilly avalialgb agesbss pﬁl@@ethylfeh@tiloxh/ﬂrv@mﬁerfe?ﬂlsmﬁon

| PR e RATAER o, PR, St BB vt Sy

‘dhap eerduetivityfol ~4I088{em c Jhis/isdoadigh tnavaid gasssetalk

pBéﬁNB‘érrrS 28, ‘%éﬂo‘l‘&ﬁhfg ﬁhe?é léqé'?n%?a%i ﬁfgﬁ%sng?a%ce buffer

entlon conpositio e of
c ?T%@ﬁéiseéﬁ@éﬁwqhﬂmlﬁ‘eﬁ%rﬁ@%@%ffer | ayers in

el ectrol um nescelUNMRMRESDF THENNAVENTEAYI ¢ | i ght
emtti dIOC{ Wfrthlnfllm
field EPMRASTS AT RPYAEd cRESSTE e dRpeing

f electrally contectingariganie mdlymbes andagitiatity cfararoparticles.

' fh@bgﬁgh Eo@[?o%ft%@acre cHHLHB of! ﬁ%‘\?@ﬁu&@ﬂg@)@ﬂgnﬁﬂeﬂth thin

ani ¢’ nanop
| fﬂmﬁ a% buﬁaetayer& in elﬁqmleﬁmenher|ges wiuchas orgaoie light

NAMEAAG H'id‘dé%\s(()lﬂ@é‘) d%l@%@ﬂ@?r@ﬁlﬂ i field effect

{Eectrol u esce | ayers

ARy NGNPRE |°Jﬁﬁe%¥nt %@%Wd@%ﬂdﬁemﬂ&%@m@e
V\imvéﬂtlmmoam ibeuhoryanicotorgbric. Bufesdayerseoptaihing ifbrganic

C FEORRDIs Pa b EEp BA0E R LSRRI VY T B avers
dwﬁh@@tsﬁtmb\mncman@cle&f Yher iagerporatsitinioam i nvent i on
28eRYRINTh&8&S ! (B$ device, buffer layers according to the invention

provide high resistance while contributing to higher stress life of the EL
device.

In accordance with another embodiment of the invention, there are
provided electroluminescent devices comprising buffer layers cast from
invention aqueous dispersions.
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Otbr@anioc As used herein, the term “inorganic” means that the
nanoparticles are substantially free of carbon. As used herein, the ferm
“organic” means that the nanoparticles are composed substantially of
carbon. As used herein, the term “nanopatrticle” refers to particles having
sizesless than 1000 nanometers (nm).

Compositions according to the invention typically contain a
continuous aqueous phase in which the electrically conducting organic
polymer is dispersed. Electrically conductive organic polymers
contemplated for use in the practice of the invention include, for example,
all forms of the polyanilines (e.g., leucoemeraldine, emeraldine,
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di val ent nitrogen, sulfur or oxygen atons. Although
formulae | and Il show the nononer units in the 25
unﬁrotqnated form it is known that in the presence of
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N e L e

cycloalkenyl, alkanoyl, alkythio, aryloxy, alkylthioalkyl, alkylaryl, arylalkyl,
amino, alkylamino, dialkylamino, aryl, alkylsulfinyl, alkoxyalkyl,
alkylsulfonyl, arylthio, arylsulfinyl, alkoxycarbonyl, arylsulfonyl, carboxylic
acid, halogen, cyano, or alkyl substituted with one or more of sulfonic acid,
carboxylic acid, halo, nitro, cyano or epoxy moieties; or any two R groups
together may form an alkylene or alkenylene chain completing a 3, 4, 5, 6,
or 7-membered aromatic or alicyclic ring, which ring may optionally include
one or more divalent nitrogen, sulfur or oxygen atoms.

Although formulae | and Il show the monomer units in the
unprotonated form, it is known that in the presence of an acid (such as,
poly(2-acrylamido-2-methyl-1-propanesulfonic acid (PAAMPSA),
poly(styrenesulfonic acid) (PSS), and the like), the basic nitrogen atoms
will be protonated to form a sait. The relative proportion of imine
nitrogen atoms to amine nitrogen atoms increases with increasing
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persul fate, or the like. Thus, for éxanple, when
aniline is oxidatively polynerized in the presence of
PAAMPSA, the electrically 29conductive acid/base salt
PAni / PAAMPSA is formed. Wen et hyl enedi oxyt hi ophene
(EDT) is oxidatively polynerized in the presence of
PSS, tfigerelrectrically conductive aci d/ base salt
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e.g., acetoni greatertthenlablat 9VWhen the el ectrically
The electrically conductive organic polymers used in the invention
compositions and methods are typically prepared by oxidatively
polymerizing the corresponding monomers in aqueous solution containing
a polymeric acid (e.g., PAAMPSA, PSS, and the like). The oxidative
polymerization is carried out using an oxidizing agent such as ammonium
persulfate, sodium persulfate, or the like. Thus, for example, when aniline
is oxidatively polymerized in the presence of PAAMPSA, the electrically
conductive acid/base salt PAni/PAAMPSA is formed. When
ethylenedioxythiophene (EDT) is oxidatively polymerized in the presence
of PSS, the electrically conductive acid/base salt
poly(ethylenedioxythiophene) (PEDT)/PSS is formed.
The aqueous solution also can inciude a polymerization catalyst
such as ferric sulfate, ferric chloride, and the like. The polymerization is
typically carried out at low temperatures, e.g., between —10°C and 30°C.
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silica, metallic nanopatrticles, electrically semiconductive metal oxides, and
the like. In one embodiment, the electrically semiconductive metal oxide
is selected from mixed valence metal oxides, such as zinc antimonates;
and the like. In another embodiment, the metallic nanoparticles are
molybdenum nanoparticles. Organic nanoparticles contemplated for use
in the practice of the invention include colloidal sulfonic acids (such as
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values are typically reported in units of ohm-centimeter (ohm-cm) and
Siemens per centimeter (S/cm), respectively. As used herein, conductivity
values are reported (using the unit S/cm) rather than resistivity values.

In another embodiment of the invention, there are provided
electronic devices comprising at least one electroluminescent laver
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evaporation. Specific forms of physical vapor deposition include rf

magnetron sputtering and inductively-coupled plasma physical vapor
deposition ("IMP-PVD"). These deposition techniques are well known
within the semiconductor fabrication arts.

Usually, the anode layer 110 is patterned during a lithographic
operation. The pattern may vary as desired. The lavers can be formed in
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The invention also provides thin film field effect transistor
electrodes. In thin film field effect transistors, a dielectric polymer or
dielectric oxide thin film is provided with a gate electrode on one side and
drain and source electrodes on the other side. Between the drain and
source electrode, an organic semiconducting film is deposited. The

nnnnn in eamirnndiirtina nalvmer film ie tunicallv cast from an oraanic
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25 approximately 12 volts, and in many instances no
greater than approximately 5 volts, nay be applied to
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In accordance with another embodiment of the invention, there are
provided methods for reducing conductivity of an electrically conductive
organic polymer film cast from aqueous dispersion onto a substrate to a
value less than about 1 x 10° S/cm. Such a method can be performed,
for example, by adding a plurality of nanoparticles to the aqueous
dispersion of electricallv conductina nolvmers. Surprisinalv. it has been
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The invention also provides thin filmfield effect
transistors containing invention el ectrodes. Thin
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are typically fabricated in the follow ng nmanner.
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t he (ﬁ}pectr ca Ilrf%tlconduct lose polymer filmis

WARGERAN-IMHUNG EXRMPIESyr t her embodi ment of the
|nvent| on, there are pr(ﬁ)(lkMEl’LE&t hods for producing
buf f er Iayers havi n e ' ess. Such a
nmet hod can be perfo@O ﬁxéﬂ?, 'i] by add| ng a
pl ur alTihig compamaiIVﬁmpmle ilpistratesopeap

%@rﬂﬁfﬁAW’Sﬂ afd |t§ |e?é‘c‘tr‘iéé[ Bbhdueigusid ight e@(‘hﬂﬁh@l device

oly % % buffer |ayér from said aqueous
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GAE Ulftcgé(?o n%yrouné) %Romedrfpask ancP 85&8{1 té 2Y®L With an
|ce/water bath. The solution was stirred continuously with a magnetic
stirrer. To the chilled aqueous aniline/PAAMPSA solution, a 100 mi
aqueous solution containing 4.235 g PAAMPSA and 2.36 g ammonium
persulfate was added at a constant rate over a one hour period. The
polymerization was allowed to proceed for 198 minutes.
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The invention wll now be described in greater detail
by reference to 20 the followng non-limting
wesza@nptase EXAMPLES Conparative Exanple 1 ThiBCT/US2003/030509
conparative exanple illustrates preparation of
PAni / PAAMPSA and its electrical cond t| vit ht
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B §8ﬁﬁwp%%°?hhﬁlf‘és!a>”e?§”€%é SSR3r§gporheavan | o

BYTLe9BA0IIBOIT O anéhe alass sohsHAB PPt fog slectrical
@%ﬁfbﬁﬂ"'ﬁfﬁ% SSWRrREME Midre @echisy ink@9 seidsasfparalfeli ess of

Thutostp ot aestey g il Badhe sibsiEBiib a8 o
IDE DS ifer ﬁg?tt%rmb@lomhe'amemenpwew etchetfintera 15 mm x 20 mm
BiSEofTST Sinp P gl B s Usoiair aesaiar!
spinswomten onta eadsoige | TRElass sulbstratapiok ﬁ‘tgsFt"éﬂ‘rB% saeed of
1o80dph? ?BQ?’ewnﬁgﬁPNni?MNWsAlayér s @bol F3Tanednick.

dei oni

const Ataﬂl’@@lejobwﬁﬁosﬁy%??wrﬁﬂ‘e?ﬁ & aéoRIQBQEGaA%%Fq}PWS n.
fmg @'gSBﬂh‘é PARYRAANES & dabanixetavitiy 919@!81@deionized ivater,

’“i']lt a%@ﬁs\"’% BQP@BKWO?A' ass E)Ieﬂ{ 2. fhe, ng

inT@J r@mssna@ﬁbttoany Stirredrovéinightwdt sheuld bernajed fhaiitee

gﬂ%@&%ﬂ{ﬁ%ﬁ% Cﬂvez' WI?{ HM‘@S '3@ h gsfsr%é\\’&%rﬁpared W|th
tmengbas&(ammgﬁlaﬁ@ﬂem layeet 8 cPBHNG IS%?J ?ﬁgb o Vs.

HHHDnh Y Fie %ﬁr?ﬁﬁ?&?@ﬁ@wwﬁﬁaﬂ tRe Ahgsbrsiohhas skomees of

érallel 1 nes b d I d
Vircoay than BEREEReIFBs 1t NSOIREFRATTIOE 2-LEDe, for 1 ght

em ssimpie PRAIFRAANVIEA vesteddT Oligldss Bubsmates warexiried inm
nitrogen at 90°C for 30 minutes before measuring for electrical
conductivity. Electrical conductivity was determined by measuring the
resistance between two electrodes and was calculated to be
3.6x10-2 S/cm based on the resistance, the thickness of the conductive
layer and the distance between the two electrodes used to measure the
resistance. The conductivity is shown in Table I.

For light emission measurements, when incorporated into a light
emitting diode (LED), the PAni/PAAMPSA layer was top-coated with a
super-yellow emitter poly(substituted-phenylene vinylene) (PDY 131

Altainad frmm CAuian Camnangy Eranlfurt Garmanv) to serve as the
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WO ToHgtase substrates at a spinning speed of

| ayer of ITOto serve as the anode. The aqueous
di spersion was then spin-coated onto each of the

rpm The resulting PAni/PAAMPSA | ayer was about 137 nm
thick. 20 A le f ' ity,
aptiepeleetiohsTiNGRbeNEL) YEB89Ng tHICKRS PANE/ PARVEENARas
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i 1 oNn
AT, RS i g e s
briphtrgasses. appied yokaganand light emission &HEYYh at 9o0C
(%%ﬁ%%%{ﬂ;?‘é&‘ee&/{l\?wt@r@ gfélé%&r}éd mthfaop(eiahley 0BBEBUrES
/ ) . conduc | r
gasm g ket Bt e (lelst il Qe g 8870
(ragtg)ml?ér mhcatJbaltbedt_edcsiIMna)rth@iodee‘QUm Sessaf, |lt\m: the ;
stanc . .
EAHBHISC) AL AR BT et s
}EE’WT &ggwglmj @ttr;?met.e_mn%awﬁd Joe aMemg; %0' in
o the ARrertiddris twasTh Ssvais afpiHy avarags lighhefficiency,
ted int | i ght i 11 ' ad :
oS B 5 ST 1158 FoectBy,
sy, e The 1d 0
b/ DBGYTE SEIP & "3t |
el ect r ol um nescent (m;@_nﬂgg_&@ﬁéﬁ/ﬁi ckness of the EL

| 3y er THR%AAAL ISR YioflrdliBin & dn bhbedUSPAKIIRABRPSA

were neasured. E Q0 Surf.ace Profil.er. [
disporiempii Siiga nanepaNcies,8nd Maaieeticaaendgeridandiiént
gﬁﬁé%iérf‘ﬁgdﬁedié’é’ﬁé aﬁuf?ﬁm?,slur e of 1.3 x 10-4 Pa. The

I na I C a er. . ;
Chi ckResyPaRNESABlad g Pl s BEoriedBlve Bamele d
308 dombih&Pwitn0.Z5 goendwienelde® (QA6 g, dssan @bemicdl | ows.

Riliea, L1 c t ' rldr@phrticles,
Rt LR T hvon dabaf), whikh & eé;“%-i“%é?‘% i
ani 4. 6h gefeiomzehvpter( Snndp%URp & @0 agUagus\gisRersion

Y’ térh o K8HO I, Blid TBRirgPd siia Hariiee slzceofumidut 5-
ﬂ?gﬂﬁéﬁlﬁm—%@ gfl%st r #68 I nc,.”@gd t%\sle?%nd_. Qﬁ) - ?M SA
897un impigihans akgyt aéﬁ%mrb'f‘al Bghs; THe3ics AR

htsaie® 4.1khc., Hawt horne, CA). Current was
appl i ta each of fiv | : hkey Of
8.3 nﬁ%@nﬁs%?rspgo\p@% Eﬁ%#ﬁque\ﬁ%&ﬁ‘f%e%c@?g\tgg %ﬁtﬁ%ﬁte to
emission properties in the same manner as described in Comparative
Example 1. As shown in the results summarized in Table 1, a buffer layer
cast from the dispersion of Invention Example 1 has a lower conductivity
(8.2x107 S/cm vs. 3.6x10° S/cm) and higher half-life (29 hours vs. 12
hours) when compared with Comparative Example 1. This example
demonstrates effect of nano-particles on reducing conductivity with

enhanced device life-time.
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achieve the current density was 4.2 volts and the
average light efficiency, 15 and |light em ssion

wheiogltness were 8.3 cd/ A and 115 cd/ n2, respertT/vusi093/030509

as sunmarized in Table |. Table | al so shows that
device half-life at 80 C,. a 3. cn? current
density was 12 hrs. 2 e 1 This exanple

il USThl@teﬁ@nmlem&rslt?rbtesrpr@bam’uoacpflemumv@mlmm BAMORBA 20

ORGSR Kby GRS D el 1

ecncuctivity and llightemissian pmmﬁ%paq 0 .badfeg lgyepr epar ed as
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Snowt EB%%MW%A?E’W% SRS ag“e'mm O8fhodkaty ok lamgle |

wes conrchuy wata wter ctd- ca 8t HPRsNissap Lhe YQHCP['@QUS"“GS

D@nqﬁkyélsé;%) \%ﬁlcﬁ%n?a}nw 1@30@smaa neflopaitietes, and 23.47

Snowt UP(T
6 gt 1gtdro ShoMAG e A AIETS ASPer o PR of
ERiel of 2-4 ZHhdihaving visilida mnticlatmzﬂ o 00-200hmm The | engt h.
=) t 4.1:1. Th
ﬁ"lg%gﬂ] mgﬁeﬁéggts tlo eI ec rlrga: oclof}duct ivity an
l'i ght Themnmrswncwaqﬁe@m for elegtrical ponduavityeanselidhds
drg |c‘t>|}?$ijo éhlé?m%aédrﬂ@macﬁf\%‘?@s%ébcrlﬁédW@Wpdﬁaﬁ\f@

resu mmar | zed Tab

EXamnied. A siadn gringrepiesungerZe if et foa bRRhfyer
easdsThitte disperSioR 6t hvenfibamxesmpld. Bx has [Bivemcondinativity

b AR5 Sk o5y sttt Sef gt haftfeido BB s, 12,
Heurs) sthvert esmpéfegbwitio Comparatiee ED(@h‘@:'bef dn Thisiexample again
BB Y1t i oo ERE, 6P YR ehbi n R
shhanesddpvigeilife-tider at es preparation of an invention
aqueous PAni / PAAMPSAWEINSIBA Bda@iplwid h col | oi dal silica

o ope HCE SO B Pl o BBk
PAMFFEVPSA ﬂisﬁemtm with etedbicatlyl senhi- comislctmmbmde@n its
R e R S
g si | IRANIMANIRSA 61 g) a® @rezmarw in @qmwml\z%&xaﬁm
RIS GHR USROS P 8 o

st Ghemival indusies. ddd. Fotvo: B %%MC%FW'W& 31 s
%oﬂﬁuétnv@@xndé%ﬂicﬁ@@@n\d% 58 st dslohized avatet. r TlsaCelnax CX-
SERENES ey o TP P PSS! B b0 o
oxide nanoparticles. Conductivity of the oxide powder is 3.6 S/cm
measured on a compressed dried pellet at a pressure of 160 Kg/cm?. The
oxides:PANi/PAAMPSA weight ratio is 1.50:1

The dispersion was tested for electrical conductivity and light

emission properties in the same manner as described in Comparative
Example 1. As shown in the results summarized in Table 1, a buffer layer
cast from the dispersion of Invention Example 3 has a lower conductivity
(8.3x10°® S/cm vs. 3.6x10™ S/cm) and higher half-life (61 hours vs. 12
hours) when compared with Comparative Example 1. This example again
demonstrates effect of nano-particles on reducing conductivity with

enhanred davice life-time
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Exanple 1. As shown in the results summarized in Table
1, a buffer layer <cast fromthe dispersion of

w0 pooegfo2d1oc Exanpl e 2 has a | ower conducti vity RGI/US2003/030509

(7.6x10"7 S/cmvs. 3.6x105 S/cn) and higher half-life

(30 hours vs. 12 hours . aL{ed Wi th
Conpar ati ve Exanpl e nv agai n

denonskhisiezampld dHostraies tlaa preparatioh ef an rnn\mtﬁooiamgxeous
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IndGiRBs ZI?tgl "f‘@k E CQhB%)@iF é§%§'ﬂi&egh§ d’i‘ébersx

agueous IS ers avi ng,

ith Bl of O. ﬂé‘hdﬁa‘?} tcpetaé@ng eawamrwewl@ﬂ 3-R8 neximwidt
RE£0-308 i bn righ. MBRSEAANRSALS foWiBk ligH hﬁbdure

| | / d
TADRCR R ST 1
vamrslirtee@t. @8l o) OTheheuwaaliscAMAbtBAUSiowtey-UpPdanilinghmixture

%géss éga%d RA %plﬁb%bl?xfd qu H@&@?BB%&%E Fefésl{j&r?@ b dI8d
siQm'ﬂarQ yeih amlceémt@r mixtaren diheesolutigewas gligedfcontinueusly
dMﬁ'ggLntﬁ?gﬁbtRf stirfareniy thB clﬁmé@lﬂbRAﬁllF"E‘A/S?\d\nﬂéﬁ—U ®/anlllne
estsiand 00 mi gtibads FRlife GoMaBngiod g P%@G&@A &y
cabgve)) addvarhimothum pesﬁulfute 337) vak. adlandsomraamh@ hour

AR PERBLIEH R ShGEN 18 broaRRL P reb BBy e ¢ e
16 WO Ewnemlgmmmtemasztbealmm@@ o itwo eenirugEkatiisise
ntESntRRAE & deOLi'gH 8 p5a % ﬂ)” ﬁ)ﬁﬁﬁ?% %‘Fte%eﬁlrr‘lfu%atlon

I nvent 1 on Taqueous I Spersion of

dhessélﬁ@@ﬁﬁn‘gvs@ SI@%Y)BQ‘#W t9 aseteng tojnrecipitaietthe pelymeric
qsradu&t | Wiffey paétdpdat@ht thenadlidi pealymie WstW@ﬁ\e%iSre@ebte‘dhﬁTn

e R 0 b P B R B R
rtﬂeed,ram@@h‘t/lf@ﬂp(e&&n’é? Ylgldaﬂ/a§.54vﬁg &). alshoulsl tm:)holleddhat
eI LD (85R i PEonhlitye Mompoh i
pmrﬂa@A in é/tﬂld.lmdcb%\t%ﬁlaé o ngn@méwlmre)pregantsmgn the
fp RRVDBARATS Shem cal
PANni/PAAMPSA/SIO; (1.20 g, as prepared above) was dispersed in

38.80 g deionized water, which dispersion constitutes 3.0 wt % solid in the
water. A buffer layer was cast onto an ITO substrate as in the previous
examples. For light emission measurements, the PAni/PAAMPSA/silica
fayer was then top-coated with a super-yellow emitter poly(substituted-
phenylene vinylene) (PDY 131 obtained from Covion Company, Frankfurt,
Germany) to serve as the active electroluminescent (EL) layer in an LED
device. The thickness of the EL layer was approximately 70 nm.
Thickness of all films was measured with a TENCOR 500 Surface Profiler.

17



10 Industries, Ltd. Tokyo, Japan). Snowtex-UP(r) is an
aqueous dispersion with pHof 9.0 to 10.5, contai ning
wadooo1particl es sized 5-20 nmin width and POFBSIOIM0509

in Iength The PAAMPSA/ Snowt ex- Up(r) silica mxture

P i A B acaa ABAH Evars MOHR VERobASRR S obien i ldle EL

B@éﬁ/ﬁﬁ&ﬁﬁg w%@x% s () kg@r‘ﬂ Pre 'ﬁme(fllualethikﬁnmobﬂmc@ai layer
N T e e e
lsEDrd@dce: perfomlmm was iwated asifatiows.i Maasurersents cufrent

g;%] eléidﬁlgd F\’/%fﬂygﬁﬁiqﬁg %Ml@éﬁoﬁjl%b}\{r%@sl \}sn Sgpﬁéow&f ic0BNdAght

ueou n contal ni nch4 a}%
amisaion gfisienaydarnee!pENREeR wee%"gqaﬁ%ggw Haeeitipy
239'%%uﬁ%ihe%@uﬂseum@ﬂomTlhélthIQWrﬁstﬂIméﬁtSInal (Qraeslab®, OH),

g e T

HHawtharhe 168).f Gurraﬁt was @pptied A6 each offive LEDydevices

s)‘ﬁcﬁsﬁﬁﬁéﬁa&%l}sﬁw%ﬁy%%ﬁﬁ2%‘! qggm tgnﬁ‘%,%ﬁ?l?@ TRe average

pokageia achieve theheu Tgiﬂtld?nﬁﬁy wasrd. daoligesddhe reé'ﬁéaﬁeeléﬂhﬁ
efficleh&C %hen?ht EinldsfiresrigtRds§ Wepsl 5% 84/ SRY 180 ca/m?,

(SkRbciolsB SUTSRRI S n e o7 Dllelgtes St T eiee”

haﬂllme b58e°Cnstd 3.8 mA/dnvecyrrehtdiensitgovasad 2ihisy et BRauidl e

Rates 'n?c héR 5. drheBida 4X ard biledi R lntsheld is bigher,
Pr80 CamiVRSAS) BbeproptparedavtpiepBABiiPARMRSA without
gihﬁﬂqﬁ $pfe lof thegﬁnc,%)\egs @%‘ngf'k éetﬁn&@ﬂf‘é thic‘,’bé?\'e%Q illustrated i in,

I'S ers on constitutes %solidinth wat er .
&m@araltw&xameaast onto an | TO substrate as in the

pr evi ous exarrpl es. For | | ght eni ssion measurenents,

the—PATT 7 PAANVPSA/ STTTTa yle I S then Top-coated
with a super- yeIIowemtter &9 $(substituted 35
phenyl ene vi nyl Eﬁeat dfidfghiic mdmapartcle$ addeddwi on
Conmpany, Fr an 0] tive
el ectrol um ne ‘A{\I‘:&E? S aye?‘glﬁtnerﬁﬁg%‘édﬂégéegggﬁ The
t hi ckness of th®UEDS aperglaas sebpiralei mately 70 nm

Thi ckness of all filnms was nmeasured with a TENCOR 500

o4 0o

PN

Surface—Pr
For the c3
on top of

Pa. The fi
t hg
300 nm U
Measur emen
em ssion b

s lofg

of--tet
t hode,

t Bat
NRickhds
hhg N
ED devi
ts of c
ri ght ne

+7—WE—266
Ba and Al
b@ﬂ(ﬁfctn%ﬂd

nﬁ\yer op

ce perform
arrent 5 v
5S VS. app

f

4029176
ayers wer
or V9ltggs ul
ROR@ 3.3y

et t

5. appl i eg
i ed voltad

(bl/ US2

Ance was tle

gl F.t age,

e vapow
raffigien

er Y vva<
h | &

ge. and

003703050
deposi t gd

Half-life
e(hr) @ 3 3

mA/cm? ,
80 °C

em ssi on €

neagparatilewi th a K

Example 1

fficien

137 @
1,200
rpm

cy (candel
2i t hl ey
3.6x10°

n/ anper e- ¢

42

d/ A wer

8.3

115

12

Invention
Exampie 1

114 @
1,200

rpm

8.2x107

4.8

18

8.1

135

29




236 source-neasure unit fromKeithley Instrument |nc.
(A eveland, OH), and a S370 Optoneter with a
w@ 200uboe|red silicon photodi ode (UDT Sensor, |PCT/PS2003/030509
Hawt horne, CA). Current was applied to each of five
LED devices 10 with a current density of 8 3 mA cnP at—

momivenper at ure; The averpge voltage to achieve the
Ewampletz density was 4.3 volts and the average |ight

ef ficiendy,gagsl |i ghéx1e™ spionabright negs yere1d@® 3 30
cd/ A and [{13Q2@¢d/ 2, respegtively, as summarized in
Table |. [Tabpe | |al so shows that deyice half-life at

80 C and [3.3 mAV/¢nR current density|was 42 hrs |t

dhaaiitidnbel 15 noted that the half-1ifle i s ephanced 4X
&dmelkidssi on intensity i s hi gher (130 cd/ 2 v§ 115)
when conplardd@ @i t h 8.8 0PANI / PAAPSA |wi #Rout 43 ca i n
spite of {th&20hi ¢ckness being 2.2 tines the th| ckness
illustratied "PH Conparative Exanple|l1. Tablle | Effecl

of i norgapi-c—handpartietestadded—toPATFAAVPSA ON
;‘gg?ﬂtmé‘{n ssion pnoperties of OLEDs jon a gljass

el Coating Conductivity Voltage Effilcien
Bri ght ness 3QI@- /i f@0X{0ol §) @& 3 cy €' .[dim3%(hr) 42
@3.3 thjcRRB% (S/cm 22Exan‘p|es(nn) M /B

A/
3.3 mNcnm, R cm, @8380080C mNch
5 3

27 faXU
t e EV:‘"L!%]. 13+—E-3—6x16

1,200 rpm Invention Exanple 1 114 @8 2x10 .
135 2As sho@®n Mablel3, 1o RPEOUS ZHRESPCTT usm@@ﬂd@mgle

Jl?)g(g(ﬂjée%na 508 BogtintPHicRhés8%t Y spinrfing sfed@@f 8OO rpm.
The coating thickness is much higher than that of Comparative Example 1
(300 nm vs. 137 nm) despite a higher spin- co‘atlng speed (6,000 rpm vs.
1,200 rpm). The comparison shows that the PANiI/PAAMPSA polymerized
with silica nanoparticles has a higher viscosity than PANni/PAAMPSA
polymerized without silica nanoparticles. As shown in Table 11, this
increased viscosity produces buffer layers having an increased thickness.
The dispersion for viscosity measurement was prepared as follows:
0.0999 g of the PAni/PAAMPSA/silica was mixed with 9.9164 g deionized
water, which constitutes 1.00 wt% PAni/PAAMPSA/silica in the

dispersion.

.|:>

Table 2
Viscosity of Aqueous PAni/PAAMPSA Dispersions

Viscosity (cps)
Sample 10 s-1 100 s 1000 s-1
Comparative
Example 1 5.50 4.52 410
Invention
Example 4 8.30 6.80 6.15
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wa 3442176, 000 rpm As shown in Table 2,

rpm Invention Exanple 3 113 @8.3x108 4.1 8.0 148 61
1,200 rpm Invention Exanple 4 300 @9.0X10-7 4.3 5.3
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Invention Example 6

This example demonstrates the integrity of solid films, prepared
from an aqueous dispersion of PAni/PAAMPSA in organic solvents.

In this example, the aqueous dispersion of PAnNIPAAMPSA
prepared in Comparative Example 1 was dried to solid films in a glass
beaker under a nitrogen flow at room temperature. The dried films were
mixed with common organic solvents (such as toluene, chloroform,
dichloromethane, or the like) used to dissolve organic semiconducting
polymers in the manufacture of thin film field effect transistors. The film
flakes were not swollen by either of the organic liquids nor discolored the
liquid. This result clearly demonstrated that the PAnI/PAAMPSA films
made from aqueous dispersions of PAni/PAAMPSA are compatible with
the organic solvents for semiconducting polymers, thereby demonstrating
utility as electrodes for thin film field effect transistors.

Invention Example 7

This example illustrates the preparation of an invention aqueous
dispersion containing a polyaniline/polymeric acid or a
poly(dioxyethylenethiophene)/polymeric acid and highly conductive
nanoparticles.

As shown in Comparative Example 1, electrical conductivity of
PANi/PAAMPSA cast from an aqueous dispersion of PANI/PAAMPSA is

only 3.6x1 0° S/cm, which is not sufficient for the application as gate, drain
Ar entirra olartradac of thin film fiald affact transistors. The hiahest
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glesriilbgd gad §|3é'6?¢odes for thin filmfield effect
transistors. 30 Invention Exanple 7 This exanple
illustrates the preparation of an invention aqueous

di spersion containing a polyaniline/polymeric acid or
a pol y(di oxyet hyl enet hi ophene)/ pol yneric acid and

hi ghl y conductive nanoparticles. 35 As shown in
Conparative Exanple 1, electrical conductivity of
PAni / PAAMPSA cast from an aqueous di spersion of
PAni / PAAMPSA is only 3.6x10-5 S/cm which is not
sufficient for the application as gate, drain or
source electrodes of thin filmfield effect

transi stors. The highest 20 WD 2004/ 029176

PCT/ US2003/ 030509
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conductivity ever achieved from aqueous di spersion of
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which is still too Iow for the application. However,
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nanoparticles are 15 sel ected from pol yacryl at es,

dightemitiiag stiete gispiaye opdigdelapeet hyl ene

8. A high resistance buffer layer comprising an electrically
conductive polymer comprising at least on conductive polymer that is
selected from polyaniline with poly(2-acrylamido-2-methyl-1-
propanesulfonic acid) as the counterion (PAni/PAAMPSA) and
poly(ethylenedioxythiophene) with poly(styrenesulifonic acid) as the
counter ion (PEDT/PSS), and a plurality of nanoparticles dispersed

therewith, wherein said organic nanoparticles are selected from
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sul fonates, and m xtures thereof. 5. A nethod for
i ncreasing conductivity of thin filmfield effect
wo cnsrareor el ectrodes cast from aqueous di SpePGI/U82003/030509

onto a substrate to a value greater than about 10"3
S/cm conprising adding a plurality of 20

fds¢ babonnarmitdbes) amd perilicpethyilere sélferates and
el’'ectrically conductive organic polyner and a
pixtirgs theregk nanoparticles. 6. A organic el ectronic
devi ce having at |east one |layer made from the nethod
conprising adding a plurality of nanoparticles to an
aqueous di spersion of a conductive organic polynmer,
and casting a said layer from 25 said aqueous
di spersion onto a substrate. 7. The device according
claim6, wherein the device is a photosensor,
phot oswi t ch, photoresistor, phototransistor,
phot otube, IR detectors, photovoltaic cell , solar
cell, light-emtting diode, biosensors,
light-emtting diode display, or diode |aser. 30 8. A
hi gh resi stance buffer |ayer conprising an
el ectrically conductive polyner conprising at | east
on conductive polyner that is selected from
pol yaniline with poly(2-acrylam do-2-nethyl -1-
propanesul foni c acid) as the counterion (PAni/PAAVPSA)
and pol y(et hyl enedi oxyt hi ophene) with
pol y(styrenesul fonic acid) as the 35 counter ion
(PEDT/ PSS), and a plurality of nanoparticles dispersed
therewith, wherein said organic nanoparticles are
sel ected from 22 WO 2004/ 029176 PCT/ US2003/ 030509
pol yacryl ates, carbon nanot ubes, and perfl uoroethyl ene
sul fonates and m xtures thereof. 23
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