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applications such as backlighting of graphics, pixelated displays, and large emissive

20 graphics.

OLED:s typically consist of an organic light emitter layer and additional organic
charge transport layers on both sides of the emitter, all of which are sandwiched between
two electrodes: a cathode and an anode. The charge transport layers comprise an electron
transporting layer and a hole transporting layer. Charge carriers, i.e.. electrons and holes,

25 are injected into the electron and hole transporting layers from the cathode and anode,
respectively. Electrons are negatively charged atomic particles and holes are vacant
electron energy states that behave as though they are positively charged particles. The
charge carriers migrate to the emitter layer, where they combine to emit light.

Figure 1 illustrates a type of organic light emitting diode. The diode comprises a

30 substrate 12, a first electrode (anode) 14, a hole transporting layer 16, a light emitting
layer 18, an electron transporting layer 20, and a second electrode (cathode) 22.

Substrate 12 may be transparent or semi-transparent and may comprise, e.g., glass,
or transparent plastics such as polyolefins, polyethersulfones, polycarbonates, polyésters,
and polyarylates.



Anode 14 is electrically conductive and may be optically transparent or
sem transparent. Suitable materials for this layer include indium oxide,

i pdi um ti WOPRIBR88 (| TO), zinc oxi de, vanadi um oxi de, zi n®CTIUSIWNIZSe, gol d,
copper, silver, and conbinations thereof. 5 An optional hole injecting

| ayer (not shown) may accept hol es from anode 14 and transmt themto hole

transporting la i S| I ncl ude,

por phyri ni c conégﬁ%}j@ 15 ?Je&t‘"’%o"ﬁgg‘?&a 1”8% %?Rq"r'fﬂ'“’( %ﬁ@?’eﬁﬁﬂf SSthyc

pht hal ocy atrarisparehdo |Saithbla ﬁﬁmiatsltbghisawef intfude awlidrh bﬂi‘d&ﬁr&hﬁ:—ﬁ@dﬁd&l? nt f of ]
holes fro de |l a 14 10 titer, lay 1 Suitable materjals for this
| ayer inc Rﬁ@? ’y‘?eam’t‘ﬁ“bmf‘g%’ﬂ“&t?‘ %Pﬂeen@ gs(”ﬁﬁ?‘eﬁq"ﬁﬁ’ andjeompbingfionsi n U, S,
Pat. NoS. fherebf, 489 and 5,756, 224, such as 4,4',4"-tri (N phenot hi azi nyl)
tri phenyl am ne (TPTTA), 4,4 tri (N-phenoxazi nyI ) triphenyl ani ne

4"
(TPOTA), N, N -d w;nﬂlhplmﬂmmg @yﬁé&nﬁ howahtpry pecept holgsrasngnade 444nd di ani ne
(TPD), angapgli l’ulaﬁs? e gani ¢

mat eri al capabl Zﬂiggxgg@gmm at | g botiﬁ s‘%@%ﬁgasté%r]l%ﬁ eléc or%gau emtter

| ayer 18, porehyrbliecorapaunds, et coppst phihiloeyaning (Gula) and zing ghﬂlalocﬁmrteabl e

(ALQ . The"em Hafe saiBhlg ey 18 fcfihes ol ST RN B B B B8
use of difémittenlayemi8 tSmitable anateridisfanthis layeridcmdemglabmhﬁwefnaaﬁmdﬂﬁcrl bed in
th af nts in
I\/bleecul a§ S%Stegﬁﬁéieg}%ﬁ V‘obﬁ?ﬂe@%ﬁ&%ﬁ%ﬂdafz% zzggc"lﬁgéf’ gﬁug r Zylrrposi a
1997 125, ﬁheﬁﬁﬁuazﬁy%pﬁiytaﬁﬁﬁtﬁ(ﬂ?ﬂ‘ﬂ%ﬂ@# W&h(l%hémaimﬂ)a&@heﬁymnﬁevenent of
electronsw a e er 20. Suitable materials for this
| ayer i ncl "g) yﬁ &?@“ybi‘@f Ig‘1 &NHFtBXL? e‘BBsz(‘H?IEFE}VHﬂ‘* ridaraipe GERR) | i um

bi s( 2- (2- hysly sotyvidyleBbazoi®enzol t hi azol at 0) zinc and conbinations thereof.

25 An optional electron injecting layer (not shown) may accept el ectrons
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and dopants in the emltter layer as described in the art (see C.H. Chen, J. Shi,.and C.W.
Tang "Recent Developments in Molecular Organic Electroluminescent Materials”,

20 Macromolecular Symposia 1997 125, 1-48). :

Electron transporting layer 20 facilitates the movement of electrons from cathode

22 to emitter layer 20. Suitable materials for this layer include, e.g.. AlQ, bis(10-hydroxy-
benzo(h)quinolinato) beryllium, bis(2-(2-hydroxy-phenyl)-benzolthiazolato) zinc and
combinations thereof.

25 An optional electron injecting layer (not shown) may accept electrons from the
cathode 22 and transmit them to the emitter layer 20. Suitable materials for this layer
include metal fluorides such as LiF, CsF, as well as 5105, Al;O3, copper phthalocyanine

(CuPc), and alkaline metal compounds comprising at least one of Li, Rb, Cs, Na, and K
such as alkaline metal oxides, alkaline metal salts, e.g., Liy0, Cs,0, and LiAlO,.

30 Cathode 22 provides electrons. It may be transparent. Suitable materials for this
layer include, e.g., Mg, Ca, Ag, Al, alloys of Ca and Mg, and ITO.
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multiple wavelengths (see U. S. Pat. No. 5,707,745, and Z. Shen, P.E. Burrows, V.
20 Bulovic, S.R. Forrest, and M.E. Thompson "Three-Color, Tunable, Organic Light- . : i
Emitting Devices," Sc'ien_ce, 1997, 276, 2009-2011).

SUMMARY OF INVENTION -
The present invention relates to adding a buffer layer, comprising a self-doped
25 polymer, adjacent to an electrode layer in an organic electronic device. The invention
further relates to adding a buffer layer, comprising an intrinsically conducting polymer
having no mobile counterions, adjacent to én electrode layer in a small molecule,
molecularly doped polymer, or conjugated polymer organic light emitting diode. For
example, a buffer layer may be added between the anode layer and hole transporting layer
30 of an organic electronic device to increase performance reliability. A buffer layer could

also be added between a substrate and cathode layer.
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exampl e, a buffer layer may be added between the anode |ayer and hole
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these imperfections.

Adding a buffer layer comprising an externally-doped polymer to an organic

20 electronic device can cause an undesirable increase in operating voltage over time. This
phenomenon is shown in U. S. Pat. No. 5,719,467, Figure 5. However, the present
inventors discovered that using a conducting self-doped polymer instead of an externally-
doped polymer in the buffer layer does not increase the operating voltage, while still
providing the benefits of a buffer layer..

25 One aspect of the invention features an organic electronic device having a buffer
layer comprised of a self-doped conducting polymer, preferably a self-doped conductive
polyaniline such as a conductive polyaniline incorporating sulfonic acid groups in the
backbone.

The organic electronic device may be an organic light emitting diode (OLED).

30 The OLED may have a transparent, semi-transparent, or opaque anode and/or cathode

layer, depending on the desired direction of light emission from the OLED. Other aspects

of the present invention feature a small-molecule, molecularly doped polymer, or



25 One aspect of the invention features an organic el ectronic device having
a buffer |ayer conprised of a self-doped conducting polyner, preferably a
sel f - dopPUyAActi ve polyaniline such as a conductivePEBUSWAIASNne

i ncorporating sulfonic acid groups in the backbone. The organic el ectroni c
device may be an organic light emtting diode (OLED). 30 The OLED may have
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provi di ngpélbﬁeﬁrf@tsxammythbmrnewdgedowp ﬂhiéenaammh,us ‘baselfeimialayy doped”
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that is fonically, but not covalently, bonded to the polymer molecule

“self-doped” means that the dOpmg moiety is covalently bonded to the polymer C i
being doped; R
“intrinsically conducting” means an organic polymer that contains polyconjugated - -
20 bond systems and that can act as an electrical conductor in the absence of external
conductive materials such as metal particles, carbon black, erc.,

- "small-molecule OLED" means a multilayer heterostructure OLED having its non- - -
polymer layers vapor deposited onto an electrode substrate in a vacuum chamber, wherein -
“non-polymer” refers to low molecular weight discrete compounds that can be thermally

25 vaporized without causing significant decomposition or other chemical changes; and
“polymer light e:ﬁitting device” can include a molecularly doped polymer,
conjugated polymer, or hybrid OLEDs, e.g., AlQ vapor depo:siied on top of solution
coated PPV.

An advantage of at least one embodiment of the present invention is the reduction

30 or elimination of mobile counterions in an organic electronic device. Preferably,
‘counterion mobility is reduced or eliminated in the buffer layer of such a device. Itis

advantageous to immobilize these counterions because it is believed that they can migrate

Longme



“"smal | -nol ecul e OLED" neans a nul tilayer heterostructure OLED having its
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hybri d OLERdhe elegjrode syrestyrs sad Witk EhegRoYeBISNEQL ROSHINE ¢ esebalséaoqspv. An

advant age gfindlevi@ast one enbodi nent of the present invention is the
reduction 30 or elimnation of nobile counterions in an organi c el ectronic
devi ce. Pref er afngther adwantagerof shlepsh pn¢ ¢mbodiment of thearesent iayenHpmisth®l i n t he

buffer |aygr.: SE hdesi i : | ﬁgy%gé to i mmobilize these
counteri ongoﬁde%%gl%se |dtgm|q§tél§)g’ﬁag}\}%&6lt L ey@‘%gﬁﬂl%i grate 5 WD ol /18888

PfGT / U399/ 3112E Amth¢reldmm:gel rof delesst nm:embtuiélamt of ﬂtemsexrl]tenwngm ishm%e%rrent_

of positive charges or ctron I 0t evi ce. Anot her advantage of at

| east one g%‘ffg}fﬂgﬂfalbq‘ﬁgﬁeéoB?%é%’feH?tHG&ht ion is the avoidance of

undesi rabl e operating voltage increase over tine. 5 Another advantage of at
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15 Figure 4 shows the operating voltage increase over the lifetime of an OLED device
at a constant current density. The OLED device has a buffer layer comprising self-doped
polyaniline.’ '

DETAILED DESCRIPTION

20 Figure 2 illustrates an OLED structure comprising the OLED of Figure 1 with
buffer layer 15 of the present invention. In this embodiment. the buffer layer of the -
present invention is between the anode layer and hole transporting layer. However, the
buffer layer may also be added adjacent a cathode layer, e.g., between the cathode and
electron transporting layer. The present invention recognizes that when an externally-

25 doped polymer is used in a buffer layer of an organic electronic device, an undesirable
operating voltage increase may be observed in the operation of the device over time at a
constant current density. The invention further recognizes that by using a conducting self-
doped polymer in a buffer layer, the advantages of a buffer layer can be obtained without
the operating voltage increase associated with the use of an externally doped polymer.

30 It is believed that the superior performance achieved with a conducting self-doped
polymer is due to the absence of the mobile counterions required for an externally doped

polymer to conduct an electrical charge. When a polymer is externally doped the



20 Figure 2 illustrates an OLED structure conprising the OLED of Figure |
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counterions prgsent,.in the device are ionical oval ently, bonded
to the doped ﬁﬁ%‘#ﬁgy?rtm‘?y OB'@F‘F%WJYP%%’{ @Bﬁaﬁﬂﬁe gaﬁ?“é nobi | e and

t hat whenintrdigicaity¢sidutting poliies as lbﬁgh@mhﬂsﬁﬂﬁﬁbﬂd douhlefibih. Sultglle counterions
can mgra,te or drift. This can_i t he m)verreg %fof el ect OI’_IS and hol es

as tie desrinsicalbeconducting nolymers,that >t g thehackbans of s
functi onapdiih&s h&ﬂﬁ% n&'ﬁﬁsﬂé E&n&ﬂbmauaaﬁavaﬁms %W(ﬁﬁdnyﬁnéﬁﬁﬂéﬁéﬁse

coval ently " bonded

Accordingly, there are no
count er i omaytbwabem&rpomm'p@p eines,u n?béa@hwg@wnpolw-mewﬁmﬁ@m hol es.

‘The buf f h

i n'? ri ﬁsi glzsﬁl*@ﬁ%n uct)?’%g%]ﬁg&y %&y%??]ag&gg%%ﬁﬁsl@%o&%nbl ev(E:é(;ﬁnt Zfl ggs
Sui t abl e Wendspandihybrideef these polymets. fyitplhle ponsluctingslf-dongd padymers insludeckbone of
sel fsdopeg| &QHQ (ﬂéﬁ;éeﬁfédyﬁ%é&néd’ 95"t &Ehﬁ é’f"ggsﬁh,%?i i ncl ude

pol yan| | i nes, enevi nyl e S, poly

pol yi sot h$ &Gﬁa?ﬂ”lt, hach$,891,948. 3S(e1f dopedpolypanilines apcnrgfpnﬂq dlojyapilines selffdaped |
POl PG SRR SR R R B BRI B Y
sel f - dopebe mmdmewralnlgmﬂledmetﬂcﬁisﬂbaﬁbed indl.Srityy. Noe 5098 439,atd ¥uediescri bed in
U-S. Pat. g oSk, & A nlSE of SEBope Conducting Polyaniline” JLAm. Chem. Soc., 1990,
- 20 112, 2800-2801. Blends of self-doped conductive polymers and other polymers such as
insulating polymers can also be used as a buffer layer. For example, aqueous polyaniline
may be blended with polyvinyl alcohol, pdlyethy_lene oxide (PEO), poly(vinyl methyl
ether) (PVME), poly(ethylene imine) (PEI), poly(acrylic acid) (PAA) and other polymers
such as those listed in US Pat. 5,641,859, Col. 5, beginning at line 15.
25 The insulating emeraldine base form of polyaniline (Formula I showing the repeat
unit) may be used to make conducting, acid-doped emeraldine salt polyaniline (Formula I1

showing the repeat unit) as follows:

< nnml




5, 863, 981,

and 5, 891, 968. SeIf doped polyanlllnes are preferred.

Pol yani | i nes sel f - doped with sulfonic acid groups are nost %aeferred

Sel f - dop&MO 8U18B8nat ed pol yanilines may al so be made acc®frV

1835t he

met hods described in U S. Pat. No. 5,093,439, and Yue, J., Epstein, A,

"Synt hesi s

20 112, 2800-2801. Bl endsmof self doped_conducti vg

ponethern- o]

I mne) (PE

i nsul ati ng
repeat uni

of Sel f-Doped Conducting Polyaniline" J.Am Chem Soc., 1990,
pol yners and ot her
s 3? buffer | ayer.
por yvi nyl alcohol
e I et he PVMVE), poly(ethylene
), poiy(acryllc aci d) (PAA) and ot her polyners such as those

ener al di ne base fAcih

(?/ €|Iine (Formula I show ng the
t) may be used to(HM uc

i ng, aci d-doped eneral di ne salt

listed in US Pat. 5,641, 859, Colt begi nning at line 15. 25 The

polyaniline (Fornmula 11 shovm ng

the repeat unit) as follows: 7 nni(r)l WO

01/ 18888 PCT/ US9981125 O Acid Base ( Oll X' X_where X is a nmobile

counterion.

A el ¥ - doped~3ul f onat ¢@—p&l yani | i haveé the fol | ow ng
structure NH—= § ) NHn NHi O NHID NH NH O
NHITT A 1609 f - dgped onat ed pe niI'-ne ave the foll ow ng
structure (Forrmula IV showi ng the repeat uni S03 03H S03 SG3H
f~_H ~_NH

are typi cal

~ ﬁH%Q O CH30 10 Although sul fonic acid groups
F%mﬁgg%P¥§t@eﬁ p'g:H3 polyner ot her

A 50% self-doped sulfonated polyaniline may have the following structure (Formula III

5 showing the repeat unit):

Z

{4 OOt

A 100% self-doped sulfonated polyaniline may have the following structure

(Formula IV showing the repeat unit):

10

15

SO,H

CH;0 CH;0 CH,0 CH;0

Although sulfonic acid groups are typically used to self-dope a polymer, other
groups may be used. The doping substituent preferably is an acid strong enough to
provide a hydrogen cation to dope an intrinsically conducting polymer. Suitable groups
include, for example, perﬂuorqacids, carboxylic acid, phosphoric acid, sulfonic acid,
phosphonic acid, and the like.

Self-doping a polymer is typically achieved by substitution on the carbon backbone
of the molecule. However, self-doping may also be achieved by substitution at other sites.
For example, it is possible to substitute on the imine nitrogen of a polyaniline molecule,
e.g., as described in U.S. Pat. No. 5,641,859. A self-doped (N-alkylated) polyaniline may

8



groups may be used. The doping substituent preferably is an acid strong
enough to provide a hydrogen cation to dope an intrinsically cenducting

pol ymer . wQoi/18888% e groups include, for exanple, perfl uokCEEsa8112§8ar boxyl i c,

acid, phosphoric acid, sulfonic acid, phosphonic acid, and the like. 15
Sel f doping a polyner is typically achi eved by substitution on the carbon

backbone | of the noJ ecul e. v el f-dopi ng may al so be achi eved by
subst i t utliayf thefollewme stpgiare ( ’PE‘? giﬁ Sg‘elrFanE“‘Bésm ble to substitute on”

the i m ne nit n of a ani | i ne /mm ecuLe g\, as described in U S
Pat . f gy 5 yniggide my a VWO
01118888 P /31125 @ t He f i ng str Fgrnmul a V show ng

the repeat unit): NH~ NONH >NV SO S03 As sho in Figure 3, when an

external |y doped pol ymer (pol Yaniline containing sul oni ¢ acid dopant,
obt ai ned as an experinental s | e.from Monsant o Ch cal. Co., 5 St.
Louis, MD) was used as a bufferscbyer on an anode- coat@@ssubstrate In an
operating OLED, .the vo|tage increased fromabout 5.6 to_7.4 volts over

about 20 hour sA%howndnFl , whep ap gxfemalivdoned Palymen(nelvaniling gontaining: e
centi net esrulf()%/a&%{aaﬂf'&%ﬁ‘edaas% Qpeﬂ?&éﬁﬁlg le fromMAhAb CFeMidaEchavi ng no

exhibit the sane voltage | ncrease. The OLED having no

buf f er id no
buf f &r a{teLomhM@me)usseém abufferdayer an an anadp-goatedsubitrite inn operatingir s of 10

oper ati onor AR%na Yokt if@SRed ﬁ?ﬁ‘aﬁmlﬁ% B 744 ts%g%ﬁtbm?l Zgldﬁ,%a? ng&{%gs dat a

hour s of operé on -at a constant current ens
suggest s dunznt densityaofl ZOagéhAmps/s;p;ae qestnneien(sa”d’c:h 1Figarte3<ale¢ stowisythaleped

oo rer ey rdexh vint g ittt el S8 S e Bl o T <ol uore

sul f onat eOLEPIhavidg me Guffd Iyt ishowied mbtoahgadcrfease durgithe iifiali20hbas@f of an
oo e 7 o Seetr R oou s B0 o 16 b b el Bt o o
devi ce haatia@ndisnt buxfrélﬂ densty OF 20 Magerhd. Bis mfgg&ﬂﬁatﬁllésﬂhﬂca am@dsleltqal émrer ]
Che. i ni t| Ao PoHBL BN NoaRa PP BFe: PRGHBbEEE 4 shomuhe vk catle ng”4'5 ’
Egﬂ: 2 g; iAR&Htidh having aedff@fnayea eofpSsing 4 wﬁuaap.gfselﬁdspeatpoﬁm?er YWatks during 100
soluble sulfonated self-doped polyaniline obtained from Aldrich) instead of an externally
15 doped polymer did not have a substantial voltage increase over time, and, in fact, had a
voltage profile comparable to that of a device having no buffer layer. The OLED
comprising a self-doped polymer buffer layer showed a voltage increase from about 6.3 to
6.5 volts during the initial 20 hours of operation, from about 6,.3 to 6.6 volts during 45
hours of operation, and an increase from about 6.3 to 7.2 volts during 100 hours of
20 operation, at a constant current density of 20 mA/cm>. Accordingly, the present invention
provides the advantages of a buffer layer without the dlsadvantages of an externally-doped
polymer buffer layer. _ '
The buffer layer material may be applied to an electrode layer using any coating
method known in the art, such as spin coating, gravure coating, meniscué coating,
25 spraying, dipping, bar coating, knife coating, curtain coating, kiss coating, air blade
coating, extrusion coating, slide coating, slot coating, electrostatic coating, roll coating,
flexographic printing, and combinations of these methods. The buffer layer may be

deposited in an aqueous or organic solution, depending on its solubilities. To ensure that



20 operation, at a constant current density of 20 nA/ch Accordingly, the
present invention provides the advantages of a buffer |ayer wthout the
di sadvanW@@I8888 an external | y-doped pol yner buffer | ay [/OSHS1BE1 f er

| ayer material nmay be applied to an el ectrode | ayer using any coating

met hod known in the art such as spin coating, gr-avure coating, meniscus

coati ng, a bar coati kni f t| n rtain coating,
ki ss coat |‘ﬁ3§€é rﬁa;g? lf)&s’éﬂ%ﬂﬁ%a’ &i“t‘f‘rﬂ @5?’&% eleYegénaé'g’Stﬂr?tg, sl ot
coating, etRfddtealake it%uﬂi%ﬁnﬂﬁﬁydrbﬂhhc ﬁﬂ%w&&d byfah%ﬁ&hél%lhﬁorpérl nting, and
conbi nati ons_of these nmethods. The buffer |ayer, be deposited in an

aqueous orSuSigientyydepbebis e bejusiied by i%g %Sim?"t%’hg’ﬁpu ethods ektreatiggdhes ur e t hat

9 1111101 &%ﬁ% 1"%’1’?‘? g,armg,t, ed to

t he el ect ré‘o%g%?l &ggﬁﬁcﬂt e ec?ro e gyﬁiﬁobyiaﬁlgﬁ’p#gw treate t?)g'grrlgt’l‘%{e]r it

suffisie ntdppl;ﬂg@kcxhniunh contdining@ sweng bate br;chads sedimrhyﬂmnierm- tetranethyl

- sufficient h obr to b fte an or on. Met hods of
treating t‘ﬂ%m %‘PB@FB 103(?3 'l"% 5‘%{37 with 02 plasma,

appl yi ng hydr OfSIﬂﬁbleCsoE@nté for@irepﬁnﬁg)@bdatétﬂe Mﬁﬂnhﬁélﬁde%@ﬁlé@is%bﬂiﬂnﬂ strong

base such as, sqQ &;m hydr oxi d or tetrarret hyl ammar um hydrgxr ge A

conbi nat i JRYdEgXI ‘T%B%‘W@QF pltjonse Aramgniung hydroxide 1§ s for

preparing @&peqalyRhé maliké él@&nbﬂ%ﬂ&lﬁs c%%ﬁﬁﬁé séﬁééﬁéﬁ‘pof%ﬂﬂiﬁé' fYaep’ amoni um

hydr oxi de soI uti‘ons. Ammoni um hydroxide i's preferred especi ally when

maki g el etodiung hydrepside c,setserb@mnor%wngrssm kamggbmpoorysan thei nodymeneatingd sodi um

hydroxi de % 4t idR4ERMoBlL YmfHiith ks LA atS B6H SRR \Sich e ritvchighy Ter

coati ng. e sodiumion is a nobile count |on that can mgrate and

interfere off dhhrgtelwemwrwemvlousbj dl@dm;segie Wbmamnemumilygmxdeomﬂesi amonissed.

VWhen anmon] va he

coati ng dri™ §g1°& X\ 1%‘%p ?) eoﬁ?gg?%gbengglga‘f’%% ?? ngh pg%t‘?ﬁ%’?‘g p%ly%rhout t he

presence odithouttiiy presencsioftarnolsile. codtyrien mmmmmmm tlydrokide 15
evaporat es as ammoni a an}%@\é\@t er. After the buffer |ayer has been applied,

it shbul d DEPHRIEES py™oB W& coating solvent (e.g., water). The buffer

| ayer may be drafer thY bEHRIS/EF BasttReripiliRMYit SHOUK Beidoiea to refrdvt Eie odaﬁﬁgtg tines

may be achi eved by spin dryin applyi ng heat, applying inert or
y solvent (e. g wgter) Thg buffer lay%:p m%y bg dried by expgs?urg to a%nblent condq tions.

Faster drying times may be achieved by spin drying, applying heat, applying inert gas, or
applying a vacuum.

20 The buffer-coated substrate may then be further processed, for example, to make
an OLED, such as those described in U.S. Pat. Nos. 5,747,182 and 5,747,183. Although
OLED substrates adjacent the anode layer are typically transparent or semi-transparent,
they may be opaque if the materials comprising the OLED allow light emission through
the cathode end of the device. The OLED may be small-molecule, conjugated polymer, or

25 molecularly doped polymer. The buffer-coated substrate may also be used in organic
transistors, such as those described in US. Pat. Nos. 5,574,291 and 5,596,208.

This invention may be illustrated by way of the following examples.

30
EXAMPLES
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applying a vacuum 20 The buffer-coated substrate may then be further
processed, for exanple, to make an OLED, such as those described in U S
Pat. Noswobi/idéss 182 and 5, 747, 183. Although OLED substRCGIWESI3HRHcent the :
anode layer  are typically transparent or sem -transparent,- they may be
opaque if the materials conprising the OLED allow |ight em ssion through

the cathode end of the device, The OLED may be s | - npl.ecu canj ugated

pol yner, or 23messothsryise W@@ﬁé@b@lems.W%Ebwh?é?mgl&f‘éﬂhgmgf’at e may

al so be ' anic transistors, such as those described in US. Pat.
Vi i i

Nos. 5,5 ! 5,596,208. This invention nay be illustrated b%way of
the fol | owi ng Bednysntars prepgedshafpilewing expmptesising3dafe pifopaiedpolgany Unl ess

ot herw se | £ | ghen -aht:ai odr Bt dalveovaliiyten cal s,
M | mukee?ég\ﬁgd %‘g%i‘l‘ril@éeh ht@?sgg%ir%g%gé é@glﬁlggflgf?g’\ﬂféggg ex arrpimefsﬁusi nég11 a 75%
sul f snat ebutpdi09%sulformted mibyamilinedndy bernbadingdifeom Mitsubishi-Rayom&oelitdol yani | i ne

Is nolo r comergi.all vaid abl e . 5.but 9 . yani |l i ne
may be og?‘ifyﬁeﬁ -oﬁmpf'éﬁ-’g‘isé‘h?’!‘%%}!% Y saﬂ@lyé&% ﬁ%&é‘%n%%o%m Fifty
per cent sgiifoamedn £ds sofubilitgles a ful ly. doped pol yner. Additional

sul fonation aids solubility. Tris(8-hydr ui nol. i 0)al um num (ALQ was
obt ai ned from Eﬁ(g'ﬁ‘a oxy( %@Q‘%gmu%gﬁgﬁ ,Obgﬂwgﬂ%o"@gg@osubst rates
coat ed W f fhdratehidsTKhinBm6io), Sipah.! Giass Substhassccomed iwith indiiraain oxide (T@NCe of
10- 100 ohm square and 1 TO thi ckness of 300

- 1500 A. Va ogition for
pr epdr at | bavesominal sheetregigiancenf 1040 ohm! ﬁqﬁmﬁﬁn‘éﬁ%b@r‘c}f‘ﬁs °%3§(?TJ gﬁ@c‘ﬁanber
equi pped W th ghufid %e%lt)éiﬁaﬁfo?areswoﬁ 6F AOTED Vasbarfledéiiton & &apofarof 10

RTorr and si x evapor _sources that were heated by resistive heating.
Deposi t i ovaquamehambenvequipped with arjoil diffigion puw to ppezate Al ass Bressur of 10k ness

moni tor (laficon .XTC/ 2 X?gﬂ ' _ C it79 kates! N€
substrat e“&&g aﬂ‘g?f’f‘ﬁ%qo)r/mkgp ' eg%%é@ﬁé&ig%gpgﬁﬁ%h%ﬁg%p{%&f O_aé% wth
Ext er nal | wetdaneitoral yshngj dnioseillating@irpstal tiickness momtor AnfitonXTEE: beybgldiss
subs ;[ 5r ate Inﬁ?:og,r%a)ét S7yr2cuger[] I\%(Y)% ﬂys&l};@a{e‘: v!r:alslnropmli?le ;f(gpst ‘at ﬁ.' g’C’

Comparative Example 1. OLED with Externally-Doped Polyaniline on Glass Substrate
An ITO-coated giass substrate, 5 cm x.7.6 cmx 1 mm (Thin Film Devices, Inc.,
Anaheim, CA) was rinsed with methanol and dried under a nitrogen flow, then placed in a
20 _spin-coater, covered with xylene, and spun dry. A xylene solution of sulfonic-acid doped
polyaniline (5% solids by weight, non-commercial sample supplied by Monsanto Co.; St.
Louis, MO) was applied through a 0.2 pm TEFLON filter (Gelman Sciences, Ann Arbor.
MI) to cover the slide. The slide was spun at 5000 rpm for 20 seconds to give a
polyaniline film approximately 500 A thick. The coated slide was immediately placed in
25 an evaporator vacuum chamber and the chamber was sealed and evacuated to
approximately 10°® torr. A light-emitting construction was prepared on the polyaniline
surface by vacuum deposition, in the following order, of: 100 A layer of copper
phthalocyanine (CuPc.), at 1 A/sec; 400 A N,N’-bis(3-methylphenly)-N,N’-
diphenylbenzidine (TPD) hole transport layer, at 3 A/sec; 400 A AlQ electron transport
30 layer, at 2 A/sec; 10 A lithium fluoride, at 1 A/sec; 300 A aluminum, at 10 A/sec; and
1000 A gold, at 10 A/sec. On removal from the chamber, the device was connected to an
electrical source and operated at 20 mA/cm’ at an applied voltage of 5.53 V. Light was

11




Anaheim CA) was rinsed with nmethanol and dried under a nitrogen flow, then
pl aced in a 20 spin-coater, covered w thxyl.ene, and spun dry. A xylene

sol uti onWsF01488880ni c- aci d doped pol yaniline (5% solids ByFURPOGH2S

non- commerci al sanpl e supplied by Monsanto Co., St. Louis, M) was applied
through a 0.2 tm TEFLON filter (Gel man Sciences, Ann Arbor, M) to cover

the slide. The slide was .spun at 5000 r f congds to give.a

ol yani | 1 T R aRAR R esB o (R of b E% IHe ehCoida hpgid of

i mTFdijat egue d&vaféachsidsao caRicBmicdnst) afﬁem&salo 6thyratdﬁiwmmf””A | _oto?@técﬁofb&n@‘dwﬁber was
seal ed and_evacuated t proximately 10,6 torr. i ght-enmitting

const r uct *SNWAR sﬂ%@ﬁ&ﬁéﬁg%ﬁ“??@%s?ﬁﬁﬂ Hawthomg, €Ad-c vacuum deposi ti on,

in the folduhRethifseiice e 'ﬁggecﬁ'u.}\ﬁ%ﬁﬂ GRRRENtcAb B! ocyani ne (Cubc),
at 1 Alsec, 400 AN N -bis(3-nBtnyl pheniy) NN - di phenyl benzi di ne (TPD)
hol e $ r anPhotolurningssencespectruny ofAlQ, apmeasuredsingacaalibrated INHEO fiberapticayer , at
2 Alsec; ] I ' }H%' e; 300 A alum num at 10 A/ sec;
and 1000%@3#5@5?%%%%@&'%emivg'?}' fromthe chanber, the device was
connect ed t o aResdtsaxftarlifetithe stody ofthizridviogshawing thxt efR0t ofvperafing timeonappl i ed
voltage of 5 53 V. Light was,11 |1111Y . wo Q1/18888 Pcr/Us99/31125 emtted
with an ex‘f°2"?$|°alls smfghﬁ{};ﬁ?é%”]}?icélﬁv °’(‘E§’—.’}°e * 0.91%,,.The |ight output

intensity of the device was 540 candela/r2 (cd/ n2) as neasured by a United

Phot odet ectors npdel #PIN-1 silico hot odet ect or (UDT Sensors,

Hawt HBr ne, Qgsga_ratwq%xagp r%ﬁi‘ﬂg’é’t‘ Messi on spectrum of the lanp was
i dentical to thg, OLEMURcEWal picpaied As 0RAbSUNCVmpAddiive BRadiple 3¢ using a
cal i brated SD1000 fi ber optic sSpectrometer (Ccean Optics, Inc., nedi n,

FL). Resulthat nerxylengiwas spyndry op ihe sybstrats andwdoped pelyanifinegayss avas pprlied. of

operati ng ¢, i AG - ok '&,T'gmg& : vice B. 10
Conparat i v‘ghg’é‘% fé&g.tﬁ EDbE\f’tﬁ%?g?lclggﬁa)E/gm | netJA%&éj%&g%%%eﬂ\%as pr epar ed

as descri bengrated at2fped/sm’ ekanmpalied woltage oG N Lightawasiemittsd witheanngxteragdun fjry
b A | i .
romiehe. chizhinfeRREaOAciAREE A0, YR iohf Gup X ftbnot De Bl S was 388 £ 7000

oper at ed atan@dla/mi(cdi@®at an applied voltage of 5.5 V. Light was enmtted
V_V' th an exter naI&esults of a lifetime study of this device, showing the effect of operating time on

voltage is shown in Fig. 3 as the curve for device A. A comparison of the data for
Comparative Examples 1 and 2 in Fig. 3 shows that a device constructed using externally-
20 doped polyaniline exhibits a significantly greater voltage increase relative to a device

constructed without using doped polyaniline.

Example 1. OLED with Self-doped Polyaniline
An OLED device was constructed according to the method of Comparative
25 Example 1, except the substrate was treated with an oxygen plasma for 4 minutes at 50
Watts and 200 millitorr of oxygen in a reactive ion etcher (Micro-RIE series 80, Technics,
Inc., Dublin, CA) and a 600 A layer of self-doped water soluble polyaniline (Aldrich) was
used in place of the externally doped polyaniline. The self-doped polyaniline was coated
from a 5 weight % aqueous ammonia solution. In this construction, after spin coating of
30 the self-doped polyaniline layer, the glass substrate was heated on & hotplate at 125 °C for
10 minutes to remove traces of water and ammonia. Then the remaining layers were

added as described in Comparative Example 1. The device was operated at 20 mA/cm?
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15 quantum efficiency (QE) of 0.84% The |ight output intensity of the
device was 503 candela/n2 (cd/nR).. Results of a lifetinme study of this
devi ce, whowissg t he ef fect of operating tinme on voltageCi/usspas in Fig. 3
as the curve for device A A conparison of the data for Conparative
Exanmples 1 and 2 in Fig. 3 shows that a device constructed usi ng externally

20 doped pol il exhi bjts signi.ficantl reater volta rease
rel at Pve fgblm’ﬁ g&“’“‘ Flifc‘fe@ °§QP&&§“&?¥W§%&?}@§° i IPﬁ ouWEy anpl e
1. OLED wily é%b&m@opv%ﬂ?ﬂi é@ﬁbﬁdnﬂﬁgﬁ?op@n%ﬂot@%&@ AP aboRN$S LA G ed

according to the nethod of Conparative 25 Exanple 1, except the substrate
was treatabgutiz2 lhAah-lghkwgemmedgtm)pmmelm&ﬂ?f/eﬁEa@momm aand 200

it
T, oA S . LR S e Plre Mo SRRy o1 oo
pol yani | i tirie ohopbirativip) voltage is shidwh inFigaldace of the external ly doped .

I iline. T | f - doped pol il ted 5 weight %
bquéous. ammoni Egriﬁmspa‘ﬁPﬁw%? 521 4 vt ipiee Gonsperemfin sdomg o 30
the sel f - goped %gzrn) dxhibits h@sgafﬁcaﬁtlseslﬁuaﬁ@pe%m%mge iNGRSasO AMIRE 198 2

hot pl at e at 125 10 mnutes to renmpve traces of water and anmoni a.
Then t he de¥iggicanstycted pathexigemally-deperpplyaniling {Kig; Hagvice BEonpar at i ve Exanpl e
1. The device was operated at 20 mA cnR 12 Wol /1 SM PCT/ US99/ 31125 for 100
hours,. during which the device exhibited an operatlng vol tage increase

f r orPabout 6. Qther enbadinents of the iuveution ace within thesoenti of thecfollpwing clims-ocur r ent
from about 53 pA to about 22 pA Light was emtted at approximtely 0.79%
QE, corresponding to a brightness of 470 cd/n2. A lifetime study of this
device, show ng the effect of operating 5 time on operating voltage is
shown in Fig. 4. A conparison of Figures 3 and 4.shows that a device
constructed with self-doped polyaniline (Fig. 4) exhibits a significantly
smal | er operating voltage increase relative to a device constructed with
external |l y-doped polyaniline (Fig. 3, device B). 10 O her enbodi nents of
the invention are within the scope of the followng clainms. is 13
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[loll] WO 01/18888 | 1"II11 111132'~"11 11312 11 111l PCT/W99/31125 * CL

MS What isclainmed is: 1. An o | - | c device conprising: an
el ect r odavd otymsssadj acent to 5 auﬂﬂm GQB[IIHM'DH Si Nng PCT/USMBCI25 Ng
sel f -doped polyner. 2. The orga M vice of claim1l wherein the

conducting sel f-doped polyner conprises self-doped polyaniline. 10 3. The
organi c el ectronic device of claim1l wherein the conducting sel f-doped
pol ymer i SWhatli§ daimedds:pol yaniline. 4. The organic el ectronic device of
claim1 wherein the device is an organic light enmitting diode. 15 5. A
smal | -nol ecul e organic light emtting diode device conprising an electrode
| ayer adj acent it 0o a Amudrfsnic tlagtemicoduvipeicomprsingt i ntri nsi cal |l y conducti ng
pol ymer havi ng no bil.e cqunterions. 20 6. A polyner organic |ight
emitting diode aag}ﬁg@%éec%% l;“P?{S % an el ectrode | ayer adjacent to a buffer
| ayersconpri si Rguffes Rlyér cbaipeiing atcondirtif@bdlfideped @olyideng pol ymer havi ng no
mobi |l e counterions. 25 7. A nolecularly doped polymer light emtting device
conprising an electrode |ayer adjacent to a buffer layer conprising an
i ntrinsically gonductyedgpanit! léPeonid AViB of QaifPPivh&reinGhd EnBhétRig SelfABpdd)i S
Sheet Has Been Repl aced

polymer comprises self-doped polyaniline.

10 3. The organic electronic device of claim 1 wherein the conducting self-doped

polymer is sulfonated polyaniline.

4, The organic electronic device of claim 1 wherein the device is an organic
light emitting diode.
15
5. A small-molecule organic light emitting diode device comprising
an electrode layer adjacent to
a buffer layer comprising an intrinsically conducting polymer having no mobile
counterions. |
20
6. A polymer organic light emitting diode device comprising
an electrode layer adjacent to
a buffer layer comprising a self-doped intrinsically conducting polymer having no
mobile counterions.
25
7. A molecularly doped polymer light emitting device comprising
an electrode layer adjacent to
a buffer layer comprising an intrinsically conducting polymer having no mobile
counterions.
30
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i 1111111111 11 1111 111 111 1)11111 11 1'L
PMUS9901125. wool/ism c L nU“l claiml, 5, 6, or 7 wherein
t he deviw@opebishi ts a vol tag s than 15RCGVESIBIFEri od of .

100 hours of operation at a constant denS|ty current. 5 9. The |ight
emtting device of claim1l, 5, 6, or 7 wherein the intrinsically

conductin ol s sel ec romth rou nS|st| ol rrol e,

pol yani | i gep ol ythGB‘H% C%Iyégé'ﬂﬁé?ﬁ@m“gﬂ’& F?Vﬁ?ﬁ?é‘svoﬁﬂ@yg?/ends

t her eof . Q—Fasya?léswﬂﬁ1%&&5‘&&3@\&@@0Héur@bpdﬂaaﬁon&a&ns@ﬁtd%nmer ein the
y

intrinsica 10 conducting polymer is sulfonated polyaniline. This Sheet
Has Been dqugghtaced 1111111111121111212111121111 ‘"i. 15 1|
5 9. The light emitting device of claim 1, 5, 6, or 7 wherein the intrinsically

conducting polymer is selected from the group consisting of polypyrrole, polyaniline,
polythiophene, polyacetylene, and derivatives and blends thereof.

10.  The light emitting device of claim 1, 5, 6, or 7 wherein the intrinsically
10 conducting polymer is sulfonated polyaniline.
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