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WD 2005/ 015635 PCT/ US2004/ 006220 SPI N ON POLYMERS FOR
ORGANI C MEMORY DEVI CES TECHNI CAL FI ELD The present

WO posoiseen generally relates to methods of makp@myus2004/006220

organi c nenory devices. In particular, the present
invention relates to using spin-on techniques and
certain solvents to make an organi c sem conduct or

| ayer in organic nmenory devices. 5 BACKGROUND ART The
basic functions of a conputer and nenory devices

i ncl ude i SPBY %MH%@@%@H@AE%MEW%EVIW

typi cal conputer syste these arithnetic, logic, and
menory operations are'Bngg fed IE@D devi ces that are

c ap abl &hopresere Wcrsbrbgeyerfswetlatds kargetiodt ofmeking angrnis tratners devices. In

LrﬁallaF %Te%fege%fin%gnoﬂ%l y d’%‘ﬂQ splirflon tech1§f]{ﬁban§ @ér&iﬁl@&l%ts to make an
deV| ces are fabricat ed from sem conducti ng devi ces

t REBENGEmCERdHr g dn Faanic gy deisshet i ons and are

capabl e of switching between two states at high speed.

El ectroni c addressing org)| Iﬁ?ﬁ’ gs, for instance

for storage or processi ng&&lﬁ) , are made wth _

i nor gafhebagie fungtionstohe eompaettRdIeNyy desinet ifshile intourmagien gyocessing and

C rst&Sﬁ&eatn' tpral cSinl)dt& @ﬁteﬁ*@‘(ﬂe&%ﬁthm&neloﬁ@taﬁi méﬁ?‘)f}d@eratlons are performed by

heg/llc%sp lgrc tcz?prﬁ e oferelvgrsgl’x/uw gc‘iun% Ee?\]y]ne%n ts\&!:o%trate; '\{Qns Ferrzzd ‘ﬁ a%,] gnand 1."
c 6ncrhutvmh91g dw@emmbryat@efwme@w@dsmw dewsenmat rerforalnbhse various

C RGBRAS and 4R czip@t)&@éf\é&v‘&hin@ Be%%ﬂdo@ﬁses ARALE ﬁ)éédn g ever nore
transi Il'ors and OthEIl’ electronic structures onto a

post ag ectéotngﬁzbdn?fuigeod o&c Qf‘cvéc% or glft[arlc&@hstor%e or processing of data, are made
p osth ageasd salidstad tzdbablqpy.@adpagiculsiy crycohinasiligorcdemit@i Tihetngems oxide

enﬁchPlichPtﬁelcPJffeﬁ'irﬁrQi'Qéﬂ ®IdEET) .?&Q fhe hﬁlﬁ%fkﬁér% as smal |

as a few hundred nanoneters.” However I con- based
devi cedlugh of thepmeressanmekiftg cPARYTers and memarederiass iy emallg) and cheaper
s hrz/elvéshmgtaﬁon kqu&&g@mm&@drandst&t aﬂethdexébteﬁﬁ st@lcres onto a postage-

i .
gtgﬁ%lge %apd)é &Nt 5t P%gg g é)tostag%g ap lee 1ece Xt § dllc%n mgsyteC ntym ?enw)} Im(I:lHOHS of

ata
démsistoss, eaqtﬁen%ﬁtqr essimpl 35 adgw Rpgdred rlanféneé:enﬁwmuélc@rbased devices are

MapPasat RSy thdd3SREhARAI }ih%@ﬁg&ellﬁltsﬁem conduct or nateri al
nmust const antohégbe S [

a  restiTengs ?t? %eélc‘%%r& gﬁl}e{jlm eeqc%r&e?eg g{tlbzg?l\é‘%{ex arc 1tecvt\{|1r£ \thch
C tmadsueriph st andna loss digtatatstorageedemsita i The sitaitng df Vohfilo sema¢onduqtor memories
N@Red dQhdfahit %ﬁ&%u&@%&l%ust@%‘/sbﬁt@soeQlﬂ)\éﬁed Rith ed&m&qrrem with a

data rate and rel atively high power consunption and
| &Pyeredeyireend ish elais P@%TTFVS”%O‘NB PEE R PANGS stPidinfpgprtign. Non-
S oblatde shateludedevies IBivzesdudelcine aasandirtltitelythg) pabdr comsumption and

| ”a?é’e%@g?&%fcd%@[&%’t} ivity to alignnment tolerances

i ncr eases fabrication markedly nore difficult.
For mat MS¥FowT 2p é‘afﬁﬂ‘fcégl'daf'fate deviggisizesiipargarant Biegrationdngesase eppsitivity

[ mlih)gnnﬁehablexhnes 1ﬁﬂrdﬂke§fhhﬁﬂufgl fzﬁcﬁla:nmheedlysleﬁk diffiEult. Formation of features at
fabr cat i on. of ircu

have afmnmﬁ] ﬁ;é%stdo?s nf)t %g%%tghe Vr\ﬂmmﬁm s1ze can l)e lhed% r%squcatlx% %fo working
t liscugsral 1$ neg¢siytahave gljigpment lfobran@mw 2 ml@h emadierdhap ghe spiflminimum

Msind, P94 Blahbié Sne quarter the minimum size.

Scaling inorganic solid state devices raises issues with dopant diffusion lengths. As
dimensions are reduced, the dopant diffusion lengths in silicon are posing difficulties in process design.
In this connection, many accommodations are made to reduce dopant mobility and to reduce time at
high temperatures. However, it is not clear that such accommodations can be continued indefinitely.

Applying a voltage across a semiconductor junction (in the reverse-bias direction) creates a
depletion region around the junction. The width of the depletion region depends on the doping levels
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30 Scaling inorganic solid state devices rai ses issues
w th dopant diffusion |lengths. As dinensions are

wo edsoesd3s t he dopant diffusion | engths in silieEOnus?0e4/006220

posing difficulties in process design. 1In this
connection, many accomodati ons are nmade to reduce
dopant nmobi | i ty and t or educe time at high

erat ures. it is not clear thac% such
a&& RFBRFATdUEs Ifé%ﬁr?ewc’& E?ﬁ‘f’? TREFaY 1§ BBt AR oA ssIop AR
a tealgh agacatsies surant slewi nta actuc tHigheq dapicg le'@fs tdnil r rhitinize the
r‘ -

%é/ ?nra&%s %glﬁl%d g) EQS%IE]LLB_EI}LM% V\%% d&-lﬁ\% \/?r if ﬁm@ (ﬂﬁ&l cg%rflggfr;}:r Prgtgfllsgaﬂce is
d éiﬁ@n%‘@%ﬁ‘f Fﬁéesdﬁfﬁfeﬁ‘@d pEge lyee ‘EPI‘W*Z%WOTB gistance implies that the
P%M% QPG 1d iOlhrgé. eh eSeCinGavtekitpls@h a sHafp grdd@nt may be
[ e gclegrﬁlleg B a{‘lg Irg())/?eﬁa p{%l% ca§tlyth8gr}]u(ec:rglﬁ1 ! ghlg nt?rrté chr?'n(?Lg:n({nH)faTdt energy Such an
melecteon (‘ﬁlJ‘POWHS ghet r«le‘a@pu apymeyebg efiscigniyehergesic e napsiirough pibjgsulator,
S @RARAD irRNE ikl BigtBRDn b s&ﬁlaih&ﬁtor w«a@ h-t hr ough.

Hovvevers, if thet val ta%e .cga '% glnl t di §t anc t't
| arge, SFHIPE HE/GERFe BEFLoRLCHP & MR ?08 {CSFMIFRR R ubyrate more
| @hajjenging] Inapgrticutdn.dnigd ipltionghdevicdifiomambethenipdiffiegt it brarte situations.

t h@lotﬁer %@Jﬂit} K Q@kagé cul;rg}@ sc@lhn% Ct{gt 'aﬁ)tlfe} (ﬁ*f GUlﬂysn's dré&ge@ by M8 diffusion of
el ectron traversm such a sh arp ra i ent may

aCUEFR VALY BSUAR BahE g C e &1 déff“@erﬁvf "E‘,“&h‘f’l’%ﬁf H‘n“’@"ﬁ'é’i‘“d neutralize a
t hared thaegem ni num conducti on band energy. Such an

electron is known as a hot electron, and may be
sufficiently energetic to pass thr m@?r an i nsul at or,

l eading to irrever s@ﬂ“@"ég OFEHE BYYENTIQNs eni conduct or

devi ce.Th&SpadWiRGs asithmaitoe @ Abdndh iNGHE So pr@ﬁﬂe atis@rundefstadding of
TR el £ RSGORING! By RS ALE
denvertien orftqo drlineatgdlis smphefrtheu Hyelum fliscel¢ Purli’qqe i§ (9rpeesent some concepts of the

Siitverioh ARSimplifAW-RAE a gblﬁéelt&mé fadfe Hebailb®RKAGRONCHAN ik sre;emed later.

scallngfa Yet anot her ffICU t%ﬁ dﬁ glented b fih
di f f usi CRP'EF™ T %rPVs} HPEW TR CUBL P ROES ¢ SE mﬁ”%" the
f fdewmarsmplésiz compareditd ihargeic owmpery devivgs, tapatglitp swiegrubips bits of
a@&or&%rsﬂ&l r%ﬁstﬁcehﬁﬁ)&lﬁﬁg svﬁhﬁﬁr&]@ lowjoéerﬁff ades Q):w ::U_IEhlgh reliability,
INVI\ITI(]\I | oW n the invenfion

i fong Pfféﬁhm{s*li‘diﬂ’?"é‘{ﬂ‘%‘g C‘éfl%a"saf"’é’lel?ﬁﬁﬁf’ g‘f"ﬁ‘?ﬂﬂ’f‘ﬂ Qacb‘f’g agspffiped low
aS@@eﬁamre(pfocésheg lighv @€igtt,digh dekityAintsgdavio® laiyd dx&ncmd)tner'nm erdasl.
to | delHne fls%éecl[((?f){l(e%;esénk Si%ln?ogl ﬁé{@% :lsmtetod'i)hrga @X grg{ c%mglry cell
to delineate the 'scope 0 e i nvention.
purvplyise frging Hpapt e dRPHCONBIES %We@ﬁttssfaehtattnﬁ éomnomfi@mr 2 Gt
| Rle@trod¢, FRhink hxﬁdgaﬁﬁ Emlmd@onﬁﬁ} di/@ﬁhd;ﬁsstvb eyermgueg Lt ah leBGique, the
desl%. thmolr}e comprisin r1neszlemlxture ofl f E—: tone of ano aRl semlcogductor

&nt ronp rovf’asf rgani HeViccel THat *possess

on@temtl apdoip) et legft mh@lvelﬂ@f 3lmheﬁ1gr‘ estsmmcolsihzre fetwpad félevl tlgphols, and
| eV ?h@ec&ﬁ@&%déj&r\éﬂ tﬂeeosgame @éﬂﬁ’&hdubtt)ﬂ/la)rep s@ih%eecmﬂu&slppllnes
bits o i nformati.on

o iR T BB APt P B A S BBy g1
r el i abiToitheyagcomplhrgent offtte f¢redomp srmels¢drendsl thomeentidn comprises the features

C)ﬁgrleﬁ:?f)er fug)a&?cm)e% aQJ paI’tQElgfy qun@ b knqwauﬁ)sa@m i@ﬁ’owmg description and
assocl ate nper at ure processin |1 ght wel ght,

PiEERESASTE Tt B A Bt PR ALABIeenttions o e

I edivedtioh.OThese are indicative, however, of but a few of the various ways in which the principles of

FJTD de ){ ke&/crmcfll elements of the

the invention may be employed. Other objects, advantages and novel features of the invention will
become apparent from the following detailed description of the invention when considered in

conjunction with the drawings.
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25 One aspect of the present invention relates to a
nmet hod of making an organic nenory cell involving

w0 o013 passi ve | ayer contai ning a conduct i RCT/YS2004/006220

facilitating conpound over a first electrode, formng
an organi ¢ sem conductor |ayer over the passive |ayer
using a spin-on technique, the spin-on technique
conprising applying a mxture of i) at |east one of an
organi ¢ sem conductor material and ii) at |east one
sol vent of glycol BRIFEEDESEREIEONGRIBAWENGfers, furans,

and al lﬁ%bre @lllﬁlgﬁg:k §per§§&(t1vea@ewmf QWO@HﬁHﬂSl@)aﬁﬁ%a&tromc device containing
electro conduct or, l.a

over the ni c, sem er
Sp PW“B‘H TR “g‘ré 8‘rﬁ°‘t°§da“QF SHhPGPER &1 B Shiiog-
s em cofgue @ dlusttagey eperspertiee viesd df a hkee dinreadpmaltmi@ertkctronic device
&fta?du%q 1&%3%?& an-lt—:(}ne'fnlag/ CQBWMrdaﬁég%n Bnoglfer ats&@t of the invention.
oregol n ate ends, the i1 nvention conprises
the features hereinafter f ully described and
particul arly poi nt ed DISCLOSURE@F INVENTEON The fol | ow ng
descri H‘B I o{len"il nge 1%1“%0%@@0%%}1%@ mgﬁlay‘cé?lg ﬁlac% o'f tvxro%[egtl'?)désr%vuh a

det ai | aln i lTustrat aspe
i ﬁmrelﬂ?ébncmdwarpsmqslfa befreengis tww}@ﬁvqe‘b The qptsallsbly qaductive media

| ra@htaaaaﬁ MQamch&M&Mﬂﬂctor Qfer hudtpasavé 18y Ofhe t)r@ﬁnc\/s&hic&idﬁctdﬁ@y& is made
nvent |

pLes
N R R R e T
obrgm‘nresemmrémtordmervwdniparedjegmh@p@bvaemderfomm t¢chmques.

f ol | oWrRG, L&t Heh&y I8 &Y ap%da@pco%mtamohm?a; g&m asv!e@nonal
considered in conjunctjon with t dr aw ngs.

2668t 58248 rﬁ@f‘?’t@ﬁ*@%‘f"@b@%“y %‘F‘élv ?é?yeESE%lEﬁR*F‘PeFF'G“\P%E controllably
DA dNGESnddiaghanges Whénl an eg¢rna ti@sili such e ad peptitd aleetriv fielvisdfipoged. A
t ‘Maraﬁﬂ 'E!P&Ea'nQ Ao lcbifs Qe Gla QJ}lanrreQ%’zls G arfad, %?H Al &ch xﬁemory

plurality of organic nenory I's in accordance Wt _
oARricgsiéhit °°6‘F°‘t°ﬂ’é’rﬂaﬁ9 E‘ﬁ‘f“?%??“s 'sanfpfgmn@rgzmi PERRSY ﬁ‘ealf@s'mdafunctlon in
pe hﬁlﬂﬁﬁ&nhl&l@uéﬁb aidtalakidaseinitosBcteh fIRRREEcOmM@bistors (MOSFETS) in conventional
msecmrlc%g u%t%;: r%é)npolr Cdevfﬁ\él ﬁowev t[;]etraI 9 ledg a%s‘?l uLélrn hteﬁ éamc memor C){ cells
organi ¢ nmenor S 1N accor ance r aspe

ofnseddert fanvestianpldOSFED: BCICOSURETICEF | NVENTI O\l The pr esent
I nvent 'R@f@mh@fé@lg\ﬁ%sl OFrigRRLcAp IR mrmcrsﬁéclr&umgielc aembrMevice 100

g lé?er\%térér}% ae ﬁgﬂy\xgoréﬁngé']?efngggéll’s mﬁ%(‘éorciaﬁ(ﬁ ?&%&eé’} %f tgggive%tion is shown,
c enellias aneaploded view 1 @0 bredixersplamnorgmganemery SehiOd o i uddrentectronic

| 3l ,amrmaée 166 cdnBHEh des;rl-éa%urglgegml‘g‘ﬁm@ﬁgﬂl mﬁ&ﬂy Gd Rlermined by the
| ayer is I n ontecn{ciues

r
t ﬁléml}eb(ff RS Cahlmasr, aqdﬁ%ﬁrﬁ BWgei %ensxg:fa]l Friepttiop deng)ad H gﬁresent The first
(| ladtiotieg 1060Andjehin secons eledtoder dQirshow ey @ibSanddlyperpedictler orientation,

u %l'thlag%h%h]gmrlgrﬁzltloXs%Fecbrossg%QQ §t:h1te¢teQ: Frfc £t %ﬁ)‘lod ew 102. Eac

organi ¢ nenor t1ona contaln additiona
| Qigarsmenores! & copipinst?i ﬁéﬁﬁ %l?ctra@ 18¢ @é £ pe5end slectiopn 10§ ewth a controllably

r e&ﬂmlwaﬁbdlaay@maebemed{ (Tfle @htﬁﬂlhlﬂ)&loh(}(xct&@ e¥ig1 ﬂoaylexn& an dignic
eda ontr

rmcon ucto l eyer lg assnve aP'er ‘filP ¥’er p%ergl cmﬁntrg and JL?ICCS aie .not c?hown for

Ib@tlt)'rl c field i s | rrposed. A pI uraI ity of organl c
Menor y Te@drkasic rﬁé‘ﬂbr‘;} BelgBAtat kR @b E18Eoled, a88neRPmEE EldNrodes may be
%xrs;ggse q)et%[a ahe two e ecggJeé/that sandwich the controllably conductive media. The electrodes
are made of conductive material, such as conductive metal, conductive metal alloys, conductive metal
oxides, conductive polymer films, semiconductive materials, and the like.
Examples of electrodes include one or more of aluminum, chromium, copper, germanium,

gold, magnesium, manganese, indium, iron, nickel, palladium, platinum, silver, titanium, zinc, and
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device. In this connection, organic nenory cells may
forman organic nenory devices and function in a

worseiseanal ogous to netal oxi de sem conduct orpdT/85104/006220

effect transistors (MOSFETs) in conventional 20
sem conduct or nmenory devices. However, there are
advant ages to usi ng the organic mermry cells instead

f R .
g I R S e G R T R T
orliganhlpy riermode; sigeifi¢atl pindl 0 Hagdloy @ikovan@, lavap Monel®j Ingoned®, brass,

O bk Gt BB MRkl alldy, AE CRbE_RESIYst h one aspect of
the invention i s shown as well as ‘an expl oded vi ew

102 of TAAPecRBIIah (o Bieba & KB AEi e COerenity Fu 001 mor more
M a6 318 0 ko les. ZrDanbthg @3Mbadinf¥B1RE Mlcﬂﬁ%loﬁ@clﬂ-@&tr&ﬁmlﬂieﬁbﬁdently

d nb
P8t kB Hger e oy BRP B P anero e R i e
( telecw@e diimegeadettyaboud.i @nitodnbre AnddéaL I Phedletsat er )
prese nt e con%ﬂ%l;lg%onducﬁlfeelgedlraoa?s?&g&"%?we@n th twh %legt%geg can be rendered

electro
pép’(!ﬂ@ﬁdf’ efuforreongyclierig fganiggilable ﬁ?@ﬁ@ﬂwﬂél‘tﬁé‘ﬂ stimuli. Generally, in the
0 ra'b@ﬁﬁe%f dnQRSmA rslﬁnt@lgﬁgg éo‘ﬂl&&lalﬂ?co@&ﬁh@\f&dlﬁ h%orﬁ@dﬁ&lﬁﬁ%hﬁha@ﬁ high
ew ac 0)
cnesis K AP FREE TS me diec SRR LR Py b
1 C:8abistieh fom the oamtrolipblly adnldycti B0nedpirdarettiolebleyaadng. Hok @xample, the multiple
%T@éa 6t éé/ﬁ‘cﬁ&mJ Q@stgft‘f‘fof t‘ﬂé éoﬁ@dlﬂbly&)ﬂtﬂl@% Imé@ia Hi@)dxln@ludlzl @on-conductive
C on

al ns an orgv sem conductor |ayer 112 and
pataler uehygopduetp iﬂ‘ate BB PREPYPUS ¥¥%i try and devi ces
ar e notThs b@wbilablg condiprieddia canlta eendargiamndgcting nwr-gpnduetivie Sr any state
C qpctre%EtOJ dp%t(de%’ag&tcortd vft?)J) ﬁ)catc[-) fable nminef ngkterﬁﬁ Kfmulus (external

el ectro |s osed between t two el ectrodes
t HeRRniBEMGIRRtEE freln @ute@m{lercevt{oafhlvoaddﬁaa Elﬁ#lﬂ)eF%émle UPAR an external
e| eRGikit ﬁd&‘;Sadlaa&l ﬂﬂ&eﬂﬁ&d e glOtfn n6ﬂftdﬂlfét1\?e\bentrﬂ&ib@rcbrﬂiuctlv8 thedia is

ascor(l:v%rrg qll'tlg 211: co%c?utctlve contrbllaglg conlduc 1vey eed_arrEt al all oys,
conduc conducti ve polyner fil ns,

sem co nmq enirgliablyrgandyetizd mediagertinsioes dr Rt Orgeaefamice@iumr layers and
elfe Mr&)deep%ssive Ghdidan Qr[é%m@cfdmﬁm{ Bc htrallabl AL ve(hlibﬁﬁ Qb at least

i ndgiF mc%i:rglﬁonglﬁ: oglgéeir %atﬁ%;fdil ag?ﬂx?{ﬁ%?slwg Irlng&r ?alglﬁ,?t agy 1f1t{f;rénre(’ilary layers
t i teewaenithg organia ssmi@ndiictoGaydn2 6B5Ye0456.35 :
PCT/ US2804/, 00624 00na@kdr s b %azast ohmlamg;ntcrbo%mﬁmh asa

(1TO; pol yS| | i con; dopéd anorphous silicon;
Si qowggaﬁg grganéﬂpalyfnﬁré an Prﬁ?{’@metﬂlq cavpcéxp%%klclh BHeon ugated organometalllc
S pempdund) adnloyganofmedallicl ﬁ)l)H&StsﬁihIaog/c(ohj)lgatek(mgafo(nét)tlhc paiwagr), a buckyball, a

CQI‘%LI‘( x[a)ldtubc ”ﬁ%&%L &f %60 QFb@l’?’ ’notub% )aalnﬁl lhg ﬁ%e ?)(‘g%ﬂ; samlconductors thus

magnesi um si varl ous ot
orfévesgen tﬁ@ﬁﬁtrucpﬁeofteml gamg-gysdrqgfn Qased ﬁtrl{g‘ugc‘f/lp@dédlffgent from

[ nﬂﬁ@ﬁﬂﬂzﬂ MdSYE"Bsb atd orghnfd hnﬁmﬁktofﬂi{tﬁlals Bre @lﬂﬂal@hﬂdﬂicteﬂlﬂzd @dthat they
| ess er enb

the thi
o1 gl T PR SR Py s e Ul g S o
abewicordudtddmateriald apsadso cllarmcipdded mntat theyrmag adswak te nt mor¢ feepnant

t Q&rﬁ%&%ﬂs %hckoerﬁ B (?flngx?stcgrﬁrgo%te tc?thé gt?cm%?gﬁm'.llct}{ve%%ggﬁes of the

m or e SS
c mqtltroéimbaqsn@rlctae it t The emepaidf ghareg injepled gt ths@rsprie spmicqeductor layer
t Wo e fa&kds @ @SgreeGaEbnIRLI Vit§ BOIRY @&hnic semiconductor layer.

A carbon nanotube is typically a hexagonal network of carbon atoms (from about 6 to about
60 carbon atoms, typically) that is rolled up into a seamless cylinder. Each end may be capped with

half of a fullerene molecule. Carbon nanotubes may be prepared by the laser vaporization of a carbon
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using an external stimuli. Generally, in the 10

wabmencw3of an external stinmuli, the control | abdHUS2004/006220

conductive nedia is non-conductive or has a high

I npedance. Further, in sone enbodi nents, nultiple

degrees of conductivity/resistivity nay be

52‘% a cﬁtng qlci:eq)gata??}gt%ag'gﬂhﬁa%l | 0%‘})¥r gfa% {:tﬁodlr[e grow smr]ar arrays of
d ég‘ﬁ‘é é@“ pamotelsh by buckypplt ‘f/f“P@éli’eélfl?aUY # 9ucﬂ<@rnstfrrfeﬂerene a soccerball-shaped
c abhapalclablofpeonduet i ve medi a may include a

202 e?no ?gﬁ%réan%c polémer%éofchlly citglal%h %@%{ég grg%ngc\ésva%rahgﬁpegwr backbone
nedihacosinentidorsetinprbmstiexteadiduethivigebetwromnthedestiedss (gererally substantially

arﬂ)h’rp&ﬁi@ﬁlﬁ to thd@he€ bﬁtn‘é@@ﬁce@ dagy e@e@tr&tes) Cﬂﬁ nglfghtyd Jrﬁ/a)nc Ip&yrﬁer may be
nner an exter na stinmu ext er nal

! B R 5 YT IS (A A BB gt pobmers ar
C @hmhsn;tlzed & timedieyaave dvartapgixeBbiens. (Iﬁid@ﬁteca;libl}&)éfsafeﬁab characterized in
elyffhdyi vy bdsGhAwo mﬁdrafe%om&f su@llded BE

non- conduct 1 ve contr ol y conduc?
C OF#T RobEpet eontsbyes thetonabiatiniendustive atﬁ’P‘VUeé eﬁmﬁ?ﬂtrq!ﬂebly conductive
meddia. 20 The controllably conductive nedi a contalns
?Tgfeo;) érgg : ve Tc hg orge]en{psgn%&%g% %?/er S c?rasS %cr})gjugateg orgamc polymer,
c Otthesbiliyis @n@ewd a@r—nt vhargaetioles andirelastross) aBenkralyys the ongang:

0 kGAddnducO Sk AR HGEQ fin thtﬁ%%elt gk léa§ tRALIRRE ?%\télgen&%t?dn\éﬁtes The

I nt er nedi ar aers
o R AR Sy Ce S pREbecr Ayl moer: hass
0 agetectdcallp miecondbicliegpndh@iyier facipaingcagpoat. TieasilityonN@e @fanic
aEEnQJogﬁletblclaﬁpJoM%{e algcﬁalégept cﬂé e@and%ﬁctﬁgaﬂg Hgﬁdgtqgth%e%gsgxkzec layer also

O yrrer‘% an or ganormta iC Cor‘r'poun such
cSﬁTﬁ@& tigyidestity on Bendhel ity faciigtipgsamentnd. apn
or ganoffid @agahic polpadry(niathe drgadic hofsnea cGr@ﬂpM@&He@Ekamc polymers) may be

OEQ%&M?CIS y gﬁngﬁ%ﬁét"‘é@g) %gg(%ltg}il r?l-be)()p g‘mc 0l mebseﬁ)assemq)lea b%th/een the

uga’ted aatgrla qug]e conjugated

nanot ube
| piRggrodesy Brapiples of eqmjuetisicianie pcslmermscludh enger more g obyrreblase d

Sb(Slytﬂ‘aEdyfaa:tyldﬁ@ baﬂdlﬁle@%&ﬂﬁw%gﬁrﬂ%%og%ﬁhé Hx?y‘ieHé)epolythlophene;

[.en
Fips |p{/)lymeta locenes such as

P gmrp'hyrm I%org hyrinic mf'icrocy(mes 1Plnd511va 1@? 83{{%9
chﬁrfmerq pavphihgodybréres; polpymyBOeshbyetirdveaiddppkng B
orbit abﬁemlcamﬂ‘l@ﬁresloﬁextamﬁgs dr RedheANRy/Adiete &RR a3 tlétcggﬂlggted

oxi datipon st . ; anlc sem conduct or materi al

aP €418 MERY 58‘9‘@%" ‘Eél"‘“f’ et”("rfd’f"y{“ﬁéy‘dﬁwn%l%fé‘w’ﬁéﬁ F?m“léf'ra) to
nOfi8):r esonant structures. The overlapping B orbitals
contribute to the controllably conductive properties
of the controllably conductive nedia. The anount of
charge injected into the organic sem conductor | ayer
al so influences the degree of conductivity of the
organi ¢ sem conductor |ayer. 35 A carbon nanotube is
typically a hexagonal network of carbon atons (from
about 6 to about 60 carbon atons, typically) that is
rolled up into a seanl ess cylinder. Each end may be
capped with half of a fullerene nolecule. Carbon
nanot ubes may be prepared by the | aser vaporization of
a carbon 4 WD 2005/ 015635 PCT/ US2004/ 006220



target (a cobalt-nickel catalyst may facilitate
grow h) or a carbon-arc nethod to grow simlar arrays
wobkooseisegs e- wal | nanot ubes. A buckybal | i s nmorecT/US2004/006220
specifically a Buckm nster-fullerene, a
soccer bal | -shaped 60-atom cluster of pure carbon. The
organi c polyner typically contains a conjugated
organi ¢ pol yner. The pol yner backbone 5 of the
conj ufat ed organi c pol yner extends |engthw se between
(generallé substantially perpendicul ar
to t ' , |facing sur dces of the el ectrodes). The
conj ugat ed orgam c pol yner nay be Ilinear or branched,
so long as the polyner retains its conjugated nature.
Conj ugated polynmers are characterized in that they
have overl apping B orbitals. Conjugated pol ynerssare
al so chajactegrized in that they may assune two or
nor € regonant \structures. The conjugated nature of the
F, gan{c polyner contributes to the
controﬁ\?bly ve propertlég)of the controllably
conduct i : : i s connection, the organic
sem conductor |ayer, sugh as the conjugated or gani c
polymer, has the abilitlyto donate and accept charges
(hol es and/or electrons). Cenerally, the organ
sem conductor or an atoninoiety in the polyner has at
| east two relatively stable oxidation states. The 15
two re at| eby—xt abl e oxidation states permt the

eNgEt wWith E@S conductivity
y of the organic

[
“\P cory \%he abi | |
sem conductn ayer to onate and accept charges and
electrically interact WftR the passive |ayer alﬁg
depends on the identity of the conductivity
facilitating conpound. The organic polyners (or the
organi ¢ nononers constituting the organic polyners)
may be 20 cyclic or|,acyclic. During formation or

and_-

deposi ti ic polyner self assenbl es between
the el . npl es of (I8Ynj ugat ed organi c

pol yner s |i dt nore of pol yacetyl ene;

pol yphenyl a pol ydi phenyl acet yl ene;

pol yani | ihe; y( p- phenyl ene vi nyl ene); 20

pol yt hi ophene; pol ypor phyrins; porphyrinic
macrocycl es, thiol derivatized pol yporphyrins;

pol ynet al | ocenes such, as pol yferrocenes,
polyphthalocyanines;q%olyvinylenes; pol ystirol es; and
the | jk&e Q5 Chemi ¢ structures of exanpl es of
repepting uf t s/ moiQties that nake up the conjugated
orgapi ¢ pol ymers and conjugated organonetal lic

pol yye my € of Formulae|(l) to25

PKT/ US2004/006240 ~ (1) 5
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Il 1 O 7 WD 2005/ 015635 PCT/ US2004/ 006220 n (I X) (X)
(Xt) Sn((XIt) W/ nRRE/ LRM/ Rt (XIIl) \ /
wO 265815685 8 WO 2005/ 015635 PCT/ US2004/ 006220 paiEsm®n4006220
each R is independently hydrogen or hydrocarbyl; each
Mis independently a netal; each Eis independently
O, NN S Se, Te, or CH each L is independently a
group containing or continuing conjugation
(unsaturation); and each n is independently about 1 or
nmore and apol 5,000 or less. |/—=anpther enbodi nent,
dently about

R EEN
o
o
P
)
d
':
i
)
ol
Es
=
>
(%]

~ of netal s |ncIUo- Al Am B, Cd,
Co, Cu Fe, Ga, Hg, Ir, My, M, N, Pb Pd Pt, Rh,

Sn, and zn. Exanpl es of L groups include hydrocarbyl
groups _posFESSI\N\g conjugatiQn or the ability to form
resonance ures, such [as phenyl groups,

groeps— gcet yl ene @Koups, and the
formul ae y have one or nore pendent
ps, not sho %n the 10 fornulae. For
exanpl e, a phenyl group may appear on the

pol yt hi ophene structure, such as on the 3 position of
each thi ophene noiety. As anot her exanpl e, al kyl,

al koxy, hydr oxy substltuent
gr oups / \ t he\\phg¢nyl rings in any of
t he pal (XI)
n
> e (XID)

(XTII)
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pol ydi phenyl acetyl ene, and pol y(p-phenyl ene vi nyl ene)
conj ugat ed pol yners. The term "hydrocarbyl" includes

whyasocssbon as well as substantially hydr ocarbonus2004/006220

groups. 15 Hydrocarbyl groups contain 1 or nore
car bon aton1and typically about 60 or |ess carbon
atons anot her enbodi nent, hydrocarbyl groups
ontain r on ato r less _
?58?1"’“%’586&“”"' L Ty S
gm@qubmhmbﬁ'%énﬂawncﬁe@@ﬂoaméwm@aws@g@uewm@mmgonmmmumg

h@&nﬁ\rggi%ﬁ Qﬂﬁtu%brﬁfhn@i&cm&fs nﬁ!:ﬂeﬁféntfylggoupf &%fg aﬂ@-&ﬁ%btﬁS 000 or less. In
organi c _character o nd do not

ede
t ﬁ@théﬁﬂ}bp({lg}enbfaacp A és nbdfbea% @y aﬁaqt% ﬁ%rporf @dfil@ﬂuMOé)Oé) or less. In yet another
Cc empddg&htedctat is inddperdently Exmrqoloesore findhyalr HE@obgds. Gradipesof metals
fu!l]cCA QLP AE I'HQ Cri Qllo @}A}:Q %I?] I)r gfn%afrbbﬁcp rt Rh, Sn, and Zn. Examples
UStIt lents, i.e ati ¢
aP'kIeﬁwP} inclygejhydreqafoyd %P@)ossess'egftqnwéﬁﬂkw thee%'iy &afpwerﬁwence
S sthGiuiet, &R h@he@cgtbups pibetiytéd phedy DgFips, Geetylead drpup@tahdihe lakod
la‘: IkCyCl I %5 f‘?}ret}c%multae m yI éve:b[‘rjg qtanEO{eCng?] eH%V%t'étllrflcgl gﬁoutpﬁ ncq sltlown in the
i formsrp Fertegamplent Pm@*h SrogprTeRy laehear 9 the plythiprhenelsuctig, @@msevn the 3

(bhdion bf&achftmphapé aRlye As ammegem;ﬂmm alked, &§ulSinhihd) &l hydroxy

t oget 25 |
St PG mydr BrsnanfeefipU el iy 5P S EpleopiElione.
S pipliphenybrdtydene.and @olyip-pignylano rintepelrcogegatodprlgrecups whi ch,

int heTHé-—}QllineX%chg.rb)}l 1'n§udeﬂ¥'§1'3£alrl§39 as \Q‘:ﬂ apﬁgsta{ﬂl 21:11? 'ilycir(h:@rbon groups.
predom nantly organic nature of the substituent;

t H@%’%cag)lxll qrcluéscfopt?fntl Remogs §2rogp fpm B iAot 6&efdess ﬁfbaﬁﬁ%ms In
( @enother, en’db&ilmerﬁ @gdpeaibglghopps comdin? @ nanckafbbilsnss, andaboln 3@sr less carbon
pg&);‘nl %Bs?ak z{flg n{dr&gggnl &é&[ﬂ%?%rx wh glya)gtgm h&tabzﬁ)&'y ngé%ttugmts or

I 0X ner ca
n pft?r@atonﬁlvs@qcb gq)not 35“@1 tfl@g{gﬁom@grﬁ ))rgar(wg)harpféctr @@t@o&m@r and do not impede
S 'tHéSGlhtS' behd (Sgamb p&ymer SUBEE 4 dohlBiated sttt NExawlied & hitBdtaid@ gidbups
ncldgerglenfal Wuy organi ¢ character within the context of
t AI°S9G hvent contain an atom ot her than carbon
presentDin éaydrcrcrirh@ saipstitedngsi ire-» alirheticfd-s-alkglonpliensly abfyclic (e.g.,
C@fcpﬁlﬂylactygﬂﬁkeﬂy@} sgbstltu@lﬂltskﬁ%l)/phe@h lﬁﬁélnﬁth:' Ch)lphatﬁwaﬁfﬁmt:ﬁ:hc substituted

n of ord
S l%ﬁolnlmc shbsttttheélts Q?J[ thealﬁ(a aj \Eﬂ@llahca'éhc Sfllaptue&g aﬁlﬁ 18 the §lﬂ¥ $ ﬁ?IXpleted through
om}ogemortmn birtiegraaieculd Bhaf Is forexameple, ol lhor indiated aubstitents nay together form

sgpégc%w,qgggg) as e. g ; pyri dyl , furyl t hi enyl
i m dazol yl , car barm , etc. In one

enbodi #&nt , S‘tbﬁé“t?jirhé%fﬁ‘fa&bo% PREERY b%t”&ﬂse SI“EVE‘F"‘%‘E?H‘P‘&‘P& s a
t hbm h;ldayﬁbon@mpsgﬂﬁd it the cdmktcwms irentib@ Aghda &lrer b predp@inantly organic

r %st% ‘(-éijrtgerk\lll\%st }] thoEe skliiliigg Hllc %‘Y gﬁl\k%g%aée%g f%& g:%gpé %edg., halo (especially

P svrwgziémrpowzwrﬂ@@ dodiuereasy). pyayce thiocHipgto. pRnp-@HY pgino,
Ne@fonyll, h@drmydﬂér@p@fmttchﬁtrJ)sa,y.s&ll’oxy The thin |l ayer contains

any of l(lgw_ dhe%eroa?cbm saxgshltunrll%st 186!‘ su st?tu {s w‘i"ncﬁ w%qgipavn a&re(g)mmantly

t he be escri erocyc Faromatt e ¢
| asgenic charpqter gyitlein therbaptbtng tis, ln\ft:rhlen 1C¢ntam gnatperothiqptlangarbon present in a

t Bhed RS SotRfwiRROH0seaQf datboR hoiE.€., ARy, 3R A0). Osukatid MeRhtoms will

I In
%e apparent to those of ordinary skill in the art and include, for example, sulfur, oxygen, nitrogen,

fluorine, chlorine, and such substituents as, e.g., pyridyl, furyl, thienyl, imidazolyl, imido, amido,
carbamoyl, etc.
In one embodiment, the organic semiconductor layer contains a thin layer designed to improve

or lengthen charge retention time. The thin layer may be disposed anywhere within the organic

9
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anot her enbodi ment, the thin |layer has a thickness of
about 100 O or nore and about 0.05 (Dmor less. 5 For

we@x@spises3s an organi c menory cell may contai n apd1/US1004/006220

el ectrode of copper, a passive |ayer of copper
sul fide, an organic sem conductor |ayer of
pol y( phenyl ene vinyl ene), and a second el ectrode of

al umi num wherein. the e | ene

S S ebfitr. o s e RSP B e S epBin g oFne

C elpqrede rhdnginle birthe compaunds obtrbigttivadesrtibedthberoorigréimingtic compound layer.
S ?rﬂ]ng ané%gﬁteﬁrthMB ?a%rzﬁlls aqﬂﬁ(gesg ab&ﬁ)m belho d about 0.1 ®m or less. In

organonet a n anot her enpodi nent,

t h@thereg@m@ergélmt%hmmsefhlmseﬁ phent 100 A Panaisang abayk ¢Rprbre or less.

p@&aemr le, mpg%nb dﬁic Wehdty & nly &ﬁsa&m&mklkdt@dms@w NGassivEllaye@bf copper
er e odal TTE
o BB e Aot g oL AT P S e oo slpspode o
| Alusiniith,| whyrein tlamd&dpﬁhylerwbmdlmeEmga,mctshmc@dLga)n]ayr:r contains a 250 A thick

sgd ] %p&g&pégrgmrrat erial contains an organonetallic
| es of the chem cal structures of

v ar i oudn v gfatﬁ’é‘ﬁ*é‘ﬁtdbq qreanic SHTENEET Masink fges nEReRiiR aorganometallic
( &llﬁé})uﬂdo In(a}Q(ilér }mboﬂlﬁlem&g@ﬁ{c @&ﬁ&ﬁ&cﬁﬁﬂt&ﬁﬁ&ﬁlﬁb%@%&@c pol ymer

st ncheltorby ety ey SRty REmeYtne

EoMopallEcc(n)@\ﬂ apprgar@mgalhc compound layer. In still yet another embodiment, the organic
semiconductor material contains an organometallic compound. Examples of the chemical structures of

various organometallic compounds include Formulae (XIV) to (XVII):

10



/10 wherein Mand E are as defined above. 15 In one
enbodi nent, the organic sem conductor |ayer is not
wolopedissB h a salt. In another enbodi ment, theCDUSENE06220
sem conductor layer is doped with a salt. A salt is an
ioni c conmpound having an anion and cation. Genera
exanpl es of salts that can be enpl oyed to dope the
organi ¢ sem conductor |ayer include al kaline earth
net al hal ogens, sulfates, persulfates, nitrates,
phosphates, and the |ike; alkali netal hal ogens,
sul fates, persulfates, nitrates, phosphates, and the
like; transition 20 netal hal ogens, sulfates,
persul f at es, nltrates phosphates, and the |ike;

anmmoni u al sulf tes, persulfates, nitrates,
phosphat gs b | i ke, quaternary al kyls anmoni um
hal ogens per|sul fates, nitrates,

phosphat sy and thk 1ikeg. In one enbodi ment, the
organi c ‘ | gyer has a thickness of about

0. 001 or br e and|jabout 5 | ess. I n anot her
enbodi mej\t ¢ or ganijc |sem conductor | ayer has a

t hi cknesgQ .01 bmor nore and about 2.5 1

In ye ot hgr enbodi nent, the organic
sem condpctor | ayer has |a thickness of ahgut 0.05 Om
nd about 1 Omaor I%¥ss. The organic

sem conductor |ayer is Tormed by spin-on techniques
(depositing g-ftxture of, the polyner/polyner

precur so then renovi ng the sol vent
fromthe| sybstratefel ectfode). During formation, the
or gani c .e~gcondu erial self assenbl es between
the el ec S [ 30 typically necessary to
functi opf ends of(xwe ggnlc pol ynmer
in order an electrode/p sive | ayer.

When usi ques, the solvent in which

the poly ursor is charged before

appl i cat structure is able to

sol ubi | i | yyrer precursor so that the
organi c F er is formed in a

subst ant} am-y i form manner over the surface of the
substrater 35 Solvents useful for this purpose include
one or nore of glycol er esters, glyc@D ethers, 12

furans, and al kyl

atons. Tw z A r esters, glyco
cont ai ning from
pre—/ay be enpl oyed as a
system may contain one or
gl ycol ethers, furans,
er organic 96l vent. 5
ors i nclude etBMIkne
et hyl ene gl ycol ethyl
propdl ether acetate,
propyl ene

{ her
and |al kyl .Icohgks

gl ycol et her\acet at g
et her ace?\ , Q(ﬁyl e
et hyl ene ¢l ycoE butyl E

30
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gl ycol nethyl ether acetate, propylene glycol ethyl
et her acetate, propylene glycol propyl ether acetate,

weempyissee gl ycol butyl ether acetate, and thepd1/k82004/006220

G ycol ether esters also include polyal kyl ene gl yco
et her esters such as poly(ethylene glycol) 10 al kyl
et her acetates and pol y(propyl ene glycol) al kyl ether
acet ates. Exanpl es of poly(ethylene glycol) alkyl

et her acetates and pol y(propyl efe—grygol ) al kyl ether
acet at [ de poly(gthylene gl ycol )\net hyl et her
acet ate, h o ethyl gf her acetate,
poly(e pr op) aget at e,

et/her acetate,
s yco\; et yI =Cher acetate, 5
gl ycol opyl ether acetate, and 15
gl ycol) Mutyl et hgt acetate. (Roldiy i onal
specific exa o\es of al kyl grie gl ycol ether esters
i ncl ude di (et hjH-e /6p B hyl ether acetate,
di (et hyl ene gl)ycol ethyI ¢t her scetate, di(ethylene
gl ycol ) prop i \ ene gl ycol)

[ z ’ hexyl et her

pol y( propyl ens
pol y( propyl ene
pol y(propyl eng

acetate

nethyl 6

di (propyk\ene_gf ycol ) ethyl ether aCet at e,
di (propyl eré gl ycol) butyl ether acetate, tri(ethylene
glycol) nethyl ether acetate, tri(ethylene glycol)

ethyl ether acetate, tri(ethylene glycol) butyl ether
acetate, tri(propylene glycol) nmethyl ether acetate,

t rvhersindp yiddiree agbsfioed dpovsut yl et her acetate, and the

l'i ke. bxamrhBsdindht, gk ¥eic s@ﬁdﬁ&fd&:tdr ﬂa‘j&r Fle!>Y (ﬁ)béﬂWlﬁrﬂ@alt In another

| yeol et d _pol yal th
O SRk e B Bl OS] Sy B o v
gl apewbn ang tdngn. @endydexamplo$ of Cats iyl camie egiplpged|tg dops bpyrkanic25

ets@xﬁfc@nd&%r Ya@&ﬁd@%h@zﬂéh&' chﬁl%elal %XAS sﬁltfﬁ% rpersulfate:s mtrates phosphates,
et ner

yl ene
gl :31)%@ 1ke lelmeg{ lﬁ@gens ﬁldfagyt ﬁ?rw%asewgatgi ]3}18%) tcsp%g)m}lke, transition
etriwedl hal@ﬁld folbdtes( persaifaeh, @vetegy bly)s;mht):s htdttl)elhkehlhﬁbmurﬂaﬂugms, sulfates,
e
)&QEB}%%§ ateg lplyogﬁlla esg %]Jg%%ﬁlk%: ITEt h)ﬁ;ﬁ{?ﬁ, %]18&??4 sulfates,
eﬂﬁ?W@Wé“@VVb@W”@?ﬁ%PHGF ¥ e.et her, ethylene glyco

et hyl eah b.eremb&mhaat e erg@hcyseﬁicomw hay@thhxerthickaés ¥ 2661€0.001 ®m or
ycol dinmethyl ether, ethylene ?%ycol di et hyl et her,

et'Pﬂ?‘f B éb"(fﬂ %/‘8‘8 Pr g bIl‘hathe 8?‘““’"}5 SAYER %"“’Q"P @pr laygr had a thickness
medf Bbbht oett1 e or npéeCpyY htone. Sahny @Qdss. ah iy hnoelbmodlrpeno wlorgﬁhec

I but t her, I col
or EBS R foy B o Rt O i AR il
di but y| Thebigeri; senicérdtdtry Ilaeﬂes fopimpe o s)nnfmtehlyilques«amsmng a mixture of the
d' Joﬁytn@rydo%%r rgécw;& Iaad aesglb%k m%& n%vm hésetvm( k&R Ghe ApMtER)electrode).

et her, ene exyl et her

d| Q‘@‘Pﬁg?f I’é@ﬂ@n 5?9@5}13 Selaic?ﬁgth?%; |mat§rtla[l1 seif assarinl(lgtbﬁtgyfae(gﬁ}g electrodes. It is not
gl tymically neckds@tyhy l“unﬁiohhﬂiliq onél br(n@kre eyildiseif ehe grlgytixlo)ymeli ib tikiatlto attach it to an

etégegﬁ?gle/f)ggi(cjg)g E %lgﬁ]%? Io% teQH ths 'I??et Ial%int ﬁmﬁﬁ the polymer/polymer

ene
gl RIEBPY isphr |bef3'5 appligpgpn to alF wfﬁrosgfw%@ atgjff 9 é‘&‘l‘"}“zbﬂiﬁ pqlymer/polymer
etﬂﬁ&ﬁr,sortscf ﬂh(t%hﬁhﬁﬂﬁm@b@dﬁ@&r)qym foyrled etaRedstanttany (oetbiiyth@AR over the
&lgﬁﬁgmﬁhﬂ ether, tri(propylene glycol) nethyl
er, gylene gl ycol) butyl ether. Furans
| n cl udeSofventy %hfylded igipugnese ipgluydy pnegt werk of sbycelsHrerastprs plycol ethers,

from about 4 to about 7 carbon12
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atons secifically include al kyl al cohols containing
fromabout 5 to about 6 carbon atonms. Exanples of 13

wOME0R00B8015635 PCT/ US2004/ 006220 al kyl al cohedBUS2004/006220

contai ning fromabout 4 to about 7 carbon atons

i ncl ude n-butanol, iso-butanol, n- pentanol,

iso pent anol, cycl opentanol, n-hexanol, cycl ohexanol
Iﬁrt&?snaglgfllé §cot6r§%z1mn&fﬁ)&a ou 91} [j)rag Jl’cagﬁégtgﬁs{( oor more of glycol

aI afehales, ghenltegien fargns, dnd gyl albfdngls cahtaining dilom@aboui/4 loabdgo'hcarbon atoms

%e eltl[gg}Jg@SS aqavéﬁt sy.tstg}le e mht% m{y‘&&%&&@ br rlmﬂfé/@fr gl}Jc§] ether
faci'litated articul ar, %Iormn the organic

ST Pl dF Gt G g ROHTR SEU PR on whi ch
I t I s faingek df §lycof @@r bsietsaictde etithddnt W@dol Bghyt krker areg@/ithylene glycol

%g%gtgtg thﬁ@‘é eéi)j n@ )})rog? eIhQ’ céalﬂéoéhh% gléfbyguftﬁgtﬁer a&tate propylene

fac:| itate aced or ganl
batbeplosey! cafiepaceiase. rPé’(Hyl?)‘ﬁ shyprd ety F%{@@tateawaw{fﬂe glyfel propyl ether acetate,
f ermtehecgnycafbu@mler QREganhdxhaiel conduct or | ayer pr oceeds

inac oé]lt [ Pfither eslters aﬁgmnlu e 6;0{y£]6y9ef8/§l¥c%p8kgr yFers_?gc& ai)gloly(ethylene glycol)

m xture Co ns from
wedlkyhethepfcetatespah p@y(prmlegemceb Akl ethesracatates eEfamplesad golf (pthytgne glycol)

ab@yt ett?e5a&1*at@s ;{i\bp&i( r@[%hlege/glp%l) \M‘e‘ylgdﬂér abkates QJcM&FHol (B Rneiycol)

TN A R

m acttute, oly(ebylermighysolfugyhatigbaerhte, PolsGaopdera iglyer) rs@ib doher acetate,
Wedog'mropgfene%ﬁ)géwetﬁyl §t§emi&QQ %B'qu{pyl%tg%&%roﬁ%er £c9¢£€1=, and

of solvent. In yet
e mSbERroREisRe ehyepubygyl f(‘f“b F@‘a@ont al ns f r om about 1%to
about 2A&ditioyal wedifihdxamifles of hyaikgers @lytat exhd egdroihclua tigdtiyihe glycol)

gg\'ﬁeﬂt@é} Q% %Qﬁét ”ttﬁiﬂ/gnte %l %%ng'l e%%ro/a?cgyte \ﬁ?etl%m:%e g'c%l) Blfopyl ether acetate,

S CHIC BTG EY e et hesF oD bl Shepggpig ditnyene lycol)

?tcrou&pwher, acéa&edl@}oiswfe @lytoh rﬁthyﬁetﬂeﬁﬁ'&&l% iﬂt(p&ﬁﬁ/leﬁélglj?oab ki@yl eer
acCl

| aa;;et?te d?pagquen? %¥col) le)(l et&er acegataet trlg%nie?e %‘?)ﬁ:gﬂ tqu etger acetate, tri(ethylene

s egiycelp ethivh ethey acetnget @itethalencepiygdlbhutyb ethmqeta@atsgprqpelm\ghfholhﬁethyl ether
t NRetarS Al (MBHYient glpazn)mﬁ em@rfaeertates masﬂerhﬁé e. In one

enbodi the m xtu
appl i c a‘BﬁleﬁOEglP’?o “SY(?C‘E‘E:%‘Y“[%C‘%&{]{ Eyl@e%iyﬁcg ethers, such

anopbigethgere glytabemthyl ettlhe polgpthgena elicod) ethfy] ettae polytetiotlane glycol) propyl
d l'gtﬂeﬂ gol?(ptmrlen‘egiy&&)rbufyfsetlfef BM(?Q%e %?cogglethgllgth@xb&w)t(?rz&ﬁne glycol)

ano erature
mi SKRYLtRer e iPRogY es BIY PR PFIPYsthprs ant PQ)‘P‘FP@%‘EE’F glaeyD pety! cfhgr- Other
ababhpl@GEgI ol eehe&w&hemylebombolmﬁlyb@hef ethied ghedl \meeylbltth @ther,

Ore?hé/rene %l¥cgfnth R)utgre%[ep ethﬂg\'e g g%o etlgf"flager eﬂ?legea%%%!)l\ﬁg%l ethgy gtflylene

0osé cont
goshxolefrpathybetieaethylere/shrd é{ewﬂﬁtherx@lrvémgéyczsdlw méeéqupwéne glycol

0 rrgam &ihe® q,mpsaerrécgwl @thyl Ietayre;rro;@raﬂle guﬁa bl SeBtieN §rob)i':l§h€ Elycol fifdethyl
ani c e m co asslve | ayer
T IproE gne §lycé gg E)tFyl atlilerrf)r lre e %{ rdgbgtylc:%rer §1éeltl7ylef1e e%)(col())metgyl ether,
exdifetiniee sbed)Lathy! ditet, \swé@hvletlh@ycot) Mylle@yeﬁ@thylmemhfs@ heweyl ether,
I ad{@{hyl%réty@élﬂﬁméﬁyl Ltﬁeasﬁ(etm%e g%d dethl\etnt difedGlehe diyabl) d16htyl ether,
nP% }hat contrij but g%
ethylene glycol) butylmethyl ether, di ethylene glycol) dodecyl ether, di(propylene glycol) methyl
ether, di(propylene glycol) butyl ether, tri(ethylene glycol) methyl ether, tri(ethylene glycol) dimethyl
ether, tri(propylene glycol) methyl ether, and tri(propylene glycol) butyl ether.
Furans include tetrahydrofuran. Alkyl alcohols containing from about 4 to about 7 carbon

atoms secifically include alkyl alcohols containing from about 5 to about 6 carbon atoms. Examples of
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control l ably conductive properties of the controllably
conductive nedia. The conductivity facilitating 30

W@ ooupoLEses has the ability to donate and acceptprcChuses006220

(hol es and/or electrons). The passive |ayer thus may
transport between an el ectrode and the organic pol ynmer
I ayer/ passi ve layer interface, facilitate

rrier n|nt t he organi ol r
" affeo i piis RrE S TS st PY Mok ol
camtanelr isp-pentahad, om«rlgamr@l pbéxymwb cyclohgxerol, hgptangloamd the like.

i nstan Qs oﬁch)@ mQ@%ﬁél%@l elth@yc@t%rs 'Baﬂol%@hgrg Qur%pagé;iliﬁ alcohols containing
char ges fg her eby provid fg | ance of ch arges [

o) F@ﬁ‘ﬁf"(’,‘“ frioehewy? E?ét{?f‘ ?:tgmsc’@r at'ﬁmflﬂl? orgagig)gemifgndyeior
C hyaitigys/ faimap e ocganic padyngr ing dire@Ganl awhiafr@dthédyurfida@n which it is formed is
e)ﬂcﬁﬁ%éaccﬁh&;lréé M@orgaﬁlc %{ﬂl%ﬁéh%toﬁ&lﬁgiaﬁo % Eﬂﬁtategnrﬁéé i@%aglﬁtated

conducti vit y acl | |tat|nqg
Gefigaraly|sgrcedrganie BYRFE Packhopsy are Sume qnéheusw&cec &ifs6 the fprmpytion of the
an)rgamommdanduher 15;)@ﬂd¢¢edds muatcynuﬁlaaelelmaﬁxatl ng 14 WO

layer is fac1rtated In

tZ\CI)\gSIF (e)l:llgg ;%%m néetn aé‘ogﬂ‘/&“}%’io c6 ms from 1? H % tol.%out%g% Iby welght of organic

r epraiedngustoy mstﬁraﬁb#ré fromiakut 25&110 §1oatt9@ 8% b @Plﬂhttof fohyent (one or more of
condsl %er\éht&y gfyedt bthérg airanm gnm&pﬂuéﬁkds) te aﬁi&m-,a&r@ooamam the mixture

acce t cha I nt.eract
ﬁTs c§rog1 eak&é@%‘% L?Catb%lp ?&&éy welghtlxﬁ 8rg6rgcr %epgarrdg([;tor materlg and from about
C dﬁ%m:dbpmﬁ? §% baweibhit tibliveng o prrpotedichertntid ixack comaigs from about 1% to

Qi Y2598 AR gt BRI YsemRbdudic? malif Gla@dmSBout 753 tohbifit §9‘%30y weight
relativel'y stable oxidation states match with the

t W65¥EMat i vel y stabl e oxidation states of the or ganl C
sem cordies bplyingalieaiktat of dfahic kemivgndubter reateeinigyd sobam tsa vaiffer

t Vé@uc(u% %E lan%Jré/ is §ttaqgrlp§r|at9?él \géﬂlhg @acﬁ&a Cfgr‘?haﬁ)crn Jf !ﬂg org!n%%mngonductor

em conductor mater|l
f e faeiliete P@ubéta?ﬁ% oiribp orstei Ff'i“tl%t“@ctelﬂ%‘eglé‘ ae%{?frPFféW easy removal of the
r ameemt fr@mthé RafbrREbs@dtg M2 eﬁaﬂm&msﬂu@mﬁmawé ayl&rmlxture durmg

h
e e G PIRER PRRUR el phfin. b6 g oo
t hlexture daing eppierivciofichudow2s Ea e tboutCOR €eq1uetrahd>t9e,r ethfodiment, the

I némp%}a und og hy rrng(ﬁu Cdf:l rlrgl aﬁglcgtlon Sercl)%xqgoupg out 6QE C.

sem condu ec arge at )
t he pagis¢oyalent Wé may lffe fwrhled kehvserghe dogenid S@flcwﬁ@tor pHetiabpad the passive

ongan IA%Iaﬁlwﬁ  QIISEUCARK is kedMiRh RS fle B chukda SirAdHele@toh ¥xchange
2}«)@ hI\/tatc ng qE{rybansmvlve conpr o S | q
bEEWEBA SHERC B CHaf &'g oS ?Paésﬁve Bryen ca?m'&mv%é averan
( diztpassive Byee pre plgqnmi_all){muplddnn tha ehaepaloaydkirialesiton exshampe occurs between the
mag,chlNg energy bands, the ferm |evel of the passive
layer is 15 within about 0.3 eV of the val ence band

the or gbawsd:ve éaé?ﬁc%%ﬁablfad?onf %%l)@.\ctwnly Ifficxgﬁsztgd:@inpound that contrlbfutes to the
e rchosilavBnbpductivl rope@tfendf theevredollabfy coldectipamsdias €ht ayidictivitg facilitating

c&h%oﬂmﬂﬁ? Mé abgitgg dgn\‘{tegg atcgt t c}{a@%eg H\%l%s R@Bldel%{ronts)h %he passive layer thus

or gani sem conduct or n-yet anot
e g HRTTRARbetwegan plagiiqe 4“@%1”3%5‘1‘0 peljBerdaysrgassive Jaygy dyerfpcs, facilitate
V\llcbzl'ﬂgd’l:aralmhj&ctlor()mtz tre\»!rg@&c [Sdl}ﬁleMa)‘eﬁ BfRor haRske Ok cdnl%htratlon of a charge

sen con a e r
en%naed' in the ?rgan{cwel()j/m?r layer. Ir} o |nstari_cest thee paﬁsé\ézaiyt\z/r emaP' store opp051te charges

Wi thefribn prab@eﬁ a iglan® O’éware‘fs in theorgaaic armery ldeming aof wltOFPe Stormg
OlcGRkbk/Ehar c3A4M iS RRGLES B thd eRi¥@fice of two relatively stable oxidation states for the

conductivity facilitating compound.

Generally, the conductivity facilitating compound or an atom in the conductivity facilitating
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The applied external field can reduce the energy
barrier between passive |ayer and organic |ayer

waolependicsy on the field direction. Therefore, pthasmed006220

charge injection in the forward direction field in
programm ng operation and al so enhanced charge

reconbi nation i n reversed field in erase operation

can be obta Ssi ve

 HeReete: U e e S8 D T G R P egation st
s ermioiredorcibaivity fagignting pawpbind td dandte/andiieept tHageangdeleritrgally interact

S % e B%latltﬁct s@ﬁuchr@ﬁf&&r 128'9rn tI‘Qe' ﬂa§10l§ar Q&ﬂhdﬁglﬂxfﬁgltglﬁl% @deGund employed ina
I'n this connection bone of

pol ynme
t ﬁgerb%gﬂnlgggfngrd CEJP@%?}?F‘&“ %sét'ag}h%trwo Vfi%sitqbleé)l’“ijlon ft@f,srﬁlatch with the
adyaeaiMelytstasle ﬁ:&ﬁiﬁmm/seitels afytiRy or gadin 6k niHo Bdcton magsisie ivialcBingth@shergy
a . I

%9??&9@3 %gave agle Pﬁgaegrﬂsgalteg ?ﬁ t@eror%agxlg J&E%)gﬁlg‘tglsﬁl%{e%a{]aﬂy gL
c éw]derglawac%w@amr@o%|f39w@fe§haa$eéar§er| retentio ig thie grgenic seficgnductor
diigyacti on that traver ses the t vvo el ectrodes. Exanpl es
8{0 fgg%agismlsvgge fbancd‘s means fnat g'lg fe rm1 vel o rsrggssr}%tl?yer 1¥%l%se I[(oethe valence
s @prfdmﬁ@e Qr@p@gem@pg)ctor @mﬁj p@;nsqqpe@ﬂ,y GhG ppﬁ@jed ehatef fagger (into the organic

( %&/ﬂ@é%ﬁay%/r mc vﬁt@ Q‘@%ﬂarge‘ﬁ&h&’&ss{v@lﬁ%r i rgy band of the

A RS TR B SR S hing shd ey by fpvives

s ubrhprateisifigheRBen oAseSY chaige Giecton puldengFeBdAge (dat)okieltion time.
ar seni qgor{e Iéllnbb(‘ﬁ}menp QK@[ lrrFatcl?i g é\E yelghlngethc( Wél of tﬂ@ﬁass‘i@@ayer is

li ke. The conducti vi tg/ acllitating conpounds do not
divékigapoyt &3 ¢ \nefdheivelprse danhefdhe Oﬁ‘}%‘c %eﬂlcéi‘f’g‘f‘ﬁ' Igyfer- tpgnother embodiment,
eltedéri levef d)felledmssﬂ?hﬁyep BSthiy ebohta\2S eV BBte C:BAtednd of WO or@dnic

mg&%co%mtop@? ?I %Set afoief énbodnﬁngﬁ hl're%éf'pn le\%}/(%rthegngsrg&@faﬂal - Rithin about

he sane or mu e con
f AgieNiof te vaa@cec%mmqa@anmq@lcwwe/aéerl bl y9t snoggprshociment, the
Ufférﬁlge@}((bf@ﬁtphs@lme fhRe RRIBIH @But of 10 e TBEkha/Van@B8ndRNAS Brganic
react i ? Pk 15 WD 2005/ 015635 PCT/ US2004/ 006220
dEPBS Ll B ween the el ectrodes. In some instances,
t 0 pr orfibt @plidrgent firld canratteenitcicpmeytbamiprbe(vieen paseve layer and organic

Orl&%'e&an&ﬁéﬂn@&ﬁﬂld‘ﬁtr&[md %&thre ehﬁlﬁce@aﬁ%kyn?ecdl(ﬁYﬁtﬂe ¥BYardrection
treated with a

r is forned
t G HREPRFATHYRS 9P ré%""f‘??e"‘%& ﬁ‘g‘?‘lﬁlj BEs fepmbigptiop H‘éeﬁﬁg‘Js ‘@jg‘?mse
| ayedtion tan bovkeaietbodi nent, the passive | ayer containing

the c oﬁqyﬁagél%lliy)!r nfla@q’d Jofn& ﬂgté.n@& a&QFP&HPyQ J%@rﬁfoﬁm?%ﬁ organic

t hi ckness of about O or nore and about O.
| égf%wonﬂwtoahmf rpérr"c% FhFHRerganie praniqqnduetpn Jayey coptaips arfa@uga&'d organic
t pbigiére Esthi Eonaddmamt th&lﬁbl}(&leﬂfacﬂﬂiﬁfeef aacbnﬁ@emaatorg@maﬂol)(n[arnnmmmauy

t an O S
nderae s ROL T an bR R o] PR e
( DAssige layee glsfacel As pregidly the Relymachapkbenst of thsiseniegiederaasic pphymers are self

oragg%edﬁaﬂﬁ&ﬁwha@@ivle@estﬁeh@oakrcg@ed c senmi conduct or I ayer

the o nikisee! Sopii BERIneGoudiRk pmt e BF (I a-TE e mhae
10n4 ergereath owpper 10fide(Crah Gul). HOBr tidhrerpergribdt (§P3StCh§nCQ3W§US) copper
t hkiak @SCLQ(f)) b arfe@%%ué/mdo@yﬁsmunl aoﬁdé@flbgrm&&m&mer@@g silver

]tc rsglﬁ%[lee{égjé{] Egﬁé g?lg s%ﬁtﬁs &%uzg%gl )&rc??g)g}dg 8323%?)(:111:100&1 arseX ge (NIAS) cobalt

arsenide (CoAs,), and the like. The conductivity facilitating compounds do not dissociate into ions
under the strength of the electric field. The passive layer may contain two or more sub-passive layers,
each sub-layer containing the same, different, or multiple conductivity facilitating compounds.

The passive layer is grown using oxidation techniques, formed via gas phase reactions, or
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greater than the thickness of the passive layer. In
one enbodi nent, the organic nenory cells optionally

Ww@onsaise3a heterocyclic/aromati c conmpound | ayBET/US1904/006220

anot her enbodi ment, the organic sem conductor |ayer is
doped with a 15 heterocyclic/aromatic conpound. |f
present, the heterocyclic/aromatic conpound | ayer has

adt hi.cggess thofl abgutI 0. 001 cm gr nore an about . 1t.l$1D|?.1 h
or oS DR R POl /1 UF° DHECE RAUTUUSPE G Blfpion imes in the
mermeniy seo@bhductérdayenplzepassiedlalpy mihe trsatedf vetbe plasmeseafigfit it fpgned. The

t\ms,ﬁi @eg&rm%&ﬁggtﬁeeeqsrwba%%fheemlmaﬁach other) can be
snal onpared to conventional sil con, base

 or ganh G RBHINP L B P S RPERESPRtucisg) (fltaine compound s
e ﬁhﬂ(dd:smiﬂibqut t her adrend shaaeD. 0Pm blhas omgmmwmmame:y t(passive layer has

a thlamess tI a Ae Srernmre I glﬂtO 0 m or le Ut (r)l tger ernbo(dlment the passive
an utt A fot Rer

_er‘riyerdmwetmtkncsts héabaurté@m 91 TA@e zmﬂ altohté) 0@5 g’amr b;ssnenor y cells
i s abo l‘ﬂi orger?@ft}cﬂﬁﬂgopglratlm% fhe @r@guc%ngFy cgils(t%i;agfc serlll1§§|§ljctor layer is

q:)e_r atiron o 1 ani Cc mermry devi'ces/ cel
f dlitker thantthedpassivs Tl cesembpdimgnt. the thigkngss qf e organig %{Péo‘é@”“‘” layer is
S VikotnGiBéun @ t6 heaCI0 ik @reatst tiih R khikhds$aflttie phsied ighe 1aBnother

eXt g(g n@elnt ﬁ'll ﬁl(i:c‘i(rrlelsscoéfthe%ggnlc%gg{]gnduétdr Eér 1sr @o(#rl a%gut Qg]to aF(glFZSO times

vari ous con or gani C mermry cel
elgt%@frth%‘éfr?dlal@@?sﬁ@fﬂcel PBWAIVE hﬁédance or "on" state) or
non- congl Ur{éte}nﬂcﬁnﬂdﬂi. le oxigiﬁ'lﬁﬁjbﬁﬂ@%el@ loptioafify' corfdidd l&)erocgrdﬂaaromatic

g%ﬁ%ﬂ)&q ]Vygngp Xr}ogw\% enwsgia g %r&? ! slgr%\égnd{lz? ?ager is (ﬂ)ec% with a
hihgtidogyclivdananpgt ¢omgount.alf ere(evehyhetewdlﬁperd@n e@np@@@tl@)’«r haga thickness

hioggJoxt ORDHGE Y€ ailaBIE1 HhQWess] MPEdANCE state), a
conductive state (nedium |l evel inpedance state

non- corldifiged s oSPeindvifyd] Qgernis gremeRy edfa e B et fa)tgetswé%ﬁgﬁ of the
e nabélecﬁgdei digectBtodérRfRng@hchithbd) b4 tbesrmnc&npafed tothverifhdl iicon based

' n orgam mgmer Qerll ail@ha(l:sM I‘ n(():neelemb d1 gt th ic'reas 20t P &nic memory
bi't’s s P! e bi't nt i on.

Fon or 4 or or ma
Sweliscphihn geaehtenvetmgan ialgour 9By fymce Imloretat»d Etblfalzé 4! %rn ‘or lggs aln@nother

Qﬁbm&t Qe léto@&s o MR RER ls%om@asdleﬁlﬁv%t mik aml)a,ut | @m?or
such as an app "ed el ectric fie exceeds a threshold

vasstie. Swi t chi ng the organic rrermry cell to the "off’
St at e fdpﬁmldnh)ethe organicShedioy dOGE@bEHs Wheiltaea uﬁ)gtae Exi@hal stimuli to

afhleve a S\?{l%ﬁ%&%{:t %?1( Ce%tee?lealas‘tlr%?l inc urdee z?nhe())( e!dné]\é ectHce ﬁeQ% an%nel r$ht radiation.

ndhﬁerrvar@ps foaditiae, theuorgemww@y qehéeit@ewchyveélpwvrh@dance or “on” state)
m&Hr%ntcaﬁcﬁcttvbaﬁghmm;nbédﬁ&ftsia@) organi c nenory cell and

lt 2; efgsﬁl ﬂrgarynﬂ-gen}o ylgglli]miyé[I ‘\%j %g%g; % fglé%gceon}(&trlve%r Ff)w impedance state,
PGSR B0V 06BNt vEeme tve loy impaarict fige). 4 ghlyowiveive gatofiow

ar]mFx?ﬁErﬁg ﬂﬁé) e%h&&k{lvla st§(UGer1§1§ le@a 11@;[3@zlnbeesgite? |a§cp:I doh Qorfdhc%l/éjstate (high
exceeds a threshol d val ue on" sfate) permts

armBpIce %ﬂe>\¥8r°P>aﬁ'ébl%thwt?rf% oppultiglehits of ipfprafgrip fingle organic
I nheadofyrcelinsiich @s 20dr gareibits sfati@mytios ed 4 or angt bithe infsresence of

an ext %erllt@tlmgﬁﬁé J&%nlc m§M&-D céiSo lﬂp“oﬁ’p&ltt@ f?o(;n tﬁé %ﬁt Et‘iitg occurs when an
external stimuli such as an applied electric field exceeds a threshold value. Switching the organic
memory cell to the “off” state from the “on” state occurs when an external stimuli does not exceed a
threshold value or does not exist. The threshold value varies depending upon a number of factor
including the identity of the materials that constitute the organic memory cell and the passive layer, the

thickness of the various layers, and the like.
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field that is less than a threshold value permts an
applied voltage to read information fromthe organic

wo2008005695 cel | ; whereas the absence of the exteemnab2004/006220

stimuli that exceeds a threshold value ("off' state)
prevents an applied voltage to wite or erase

i nformation i nto/fromthe organic nenory cell. To

%: : Z gd?:{x)e?arllg?ﬁeakm éle preanc% %f af)eeerl(l:alle eualgF tSlﬁrl Xs atnﬁPpélg%c%icEﬂlc ﬁgld that
app#qdedthremldrvelad( 1>rn fsmemvme aAn applied velagd tatvgtetohease mfpamition

m?rftmirréfn t‘ﬁ@l)rhanlcaneyr@}ytcagﬁld the pr%leﬁ&tof zinQ:xteran%J Bullichd9¥h applied electric
Measuri n e an

polarity is a

e et s TR Prreio o BB AT e Ol G mimign i e orsanic
| onambnypell ahc@s e atsanceoat tha exigrgph stimup edeaxeaedssxttlatseom gaha (“off” state)
t IBH§ean\’{a§ Q;JBEJd vl:)l'i tgé © wn%r erde mf&&&no)l mtoTtgametBéa(ﬁgamc n]einory cell.

information witten into the organi ¢ nenory

negat i V8 “Wl"tf%f@éﬂoaﬂm%hwgaaﬁﬂwmé ;S‘ﬂ’ogi’oc“éget"h@“ﬁﬁ s} fhitgxceeds the

Ofthrdshued Mllipptld:dn o Shadjin@tmadtibradrit@x Rl&)&ld:&)rg‘imt hee&h edliga xRigder electric

IthFlg Igﬁan%: §°qa"byTD§’ﬁp{dg mléfﬁm{é%{m&%d%ge c%e% tée% I%v@(geiger Eng glﬁanic memory cell

c &t # gl ipRedingssiqtang 2 g‘ﬂi’ impedampisiaty (an @Psafmelher itrjprapr §f “off”). Toerase

deér@®n SHad iRs thmcﬂﬁb\ﬂo@@al a RRANVE daMbLR 8 pol@oppdse the polarity
t/out chips); and

1
- B e e s P PSR H e ML B b ElrBons. * EPROVS,
PROVS, Thnatganisanelnpiy éevw'fh@scob@lémmo comrremploxts i foreogiaigvitre such as

f @Qﬁrhl%@c&gné J?msp(@t)@f voﬁﬁl’e %@15@‘9 H&Qes s(x@hV&@Dﬁmﬁ&eQ %@LA)\/I dlices, and
orientation containin

east
pI‘hﬁ r‘f5ﬁ~ ‘"8\“/1‘)5% d%“r‘cei WE Bpynd o Vﬂﬂé%?‘?f“‘i%%@es SF?@F%F’?PR&‘,}“
t EPROs PBONs, apd thilikee Tighi ongamis mom@y devicesmee befabricand i planar orientation
0 r(t% Gllm%ns‘mgp&){hrg:%ﬂeggon‘?rl%gergaqor?c%n&i%ng Ltn&stQW@lllMlaalnja;s)éf {Bg organic
organi ¢ nenory I's 1n accordance W th an aspect

t REMP Gt i on’ i s shovvn The t hree di nensi onal
m' cr oehzeteltnhg)mipcguﬁrzgaﬁﬂee:dlmaﬁbﬁaymd@mh@emaa@arﬁﬂﬁ&r@imwa 200

pl.ur al. .rst. electr ur a
S é%n(t)aﬁndng a)f)lur lit é)é %r§an§:dgfmorg dl% in aCfolﬁL?zigﬁe wath Qn ?sp WL oﬁ%l%‘é mventhrIl is shown.

| dpethige Q@@isnomﬂa@eowebwomh ergimecsrpﬁ@@m dmecefZO? setmaalﬁ@lplsrel@mfcflrst
elR&iREES a amﬁmt/ bﬁe&mwc@&deamhsén&@mgm &ﬂﬁ%m@@@élﬂla;(e&@%

t
© e B e e Pt e o Bl gk S s e Mt (35t show.
s Ubselaality eflfirsyelgrapdeeiand theplurdity o sacertdielsrirodes| 20hgeigiawn in

o‘élh)@tﬁﬂtl@lﬁ)’ ;ﬁﬁ%@ichlgmleﬂgtﬁn Q%?réhb)lth%r orgmﬁloﬁ&@ﬁss%lmﬂpsﬂhﬁg@lnenswnal
m ¢croel ectronic organic menory device is ca

C SISt O ERTTEHET S R PGSR RFng e FRSFGR NPy of memor
t lngls @iybyi improaiug degiccl@uiitg.cPetiptiRail dinguitrieid idphves @é not shownifot bryvity.
ﬁgﬂose%h&ﬁ anf gﬁ B@égﬁgg\é@gsuageg efp 11? %Iy E¥WCC yé%n{?gf rge@rﬂ)lr)p For example,

r éﬁmgﬁmﬁ'@e iges afegypelid ReAppUers, appl*?@ceé r”@f’aﬁ‘i‘ eqpinF§Rtyhand-held

d awiice€ &leadn@ndni@fond eqhipmén@ edIt B EqBipmexd, pésbzﬁkfh(hﬁcsdevelopmem equipment,

I Qr?n%ﬁ()trt%rtlrlmo%keh?cal'sl: ro rzllg saPealltJe dg \nccci:s bm tge lgcf:o Iq?ng hglg §dv1ces %nd particularly hand-
r ddeeecrpniadrdicetearkipvs ptnmmem@mm poritelility duette @nw@ sizetnd dight weight of

v @Jalopgbﬁémerﬁ@p@wcéatsﬂuplei & h@haxaua e&weﬁmudte b ;Jhbdssemd other two way
Hand- hel d gew ces, a artic hand- hel

UL PR ST, R AP S BO BT ook computrs, emor
poortralirécpidyrs Gideo 4nd atdire, reimal ShlaISHelzesuan and| wely e weng icagieras,aifid the like.

the or gflatmugh mgﬂpernﬂonqﬁyﬂe%owr%@@érﬁtﬁi \Q{h r&é&ﬂm Q @érgm preferred
devj ces include cell phones and ot her

c SRPRIHEBEY PBRedsvF: é‘é%o""‘ﬁ‘ér“?b‘?‘l&‘lva‘ﬂ‘é"l"ﬁ‘a%‘g‘é gt gece o
piothat skjlle mgierast upanolicandink ard @ndetstasdigg, of thePcidication and the annexed
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35 controls, recorders (video and audi o), radios,
smal | tel evisions and web viewers, caneras, and the
wo 2dos/015688 t hough the invention has been shown BOTUS2004/006220
described wth respect to a certain preferred
enbodi ment or enbodi nents, it is obvious that

equi val ent alterations and nodifications will occur to
ot.h Kill th
S dnerieamisrd B Sk FRba rOREAG PR s cmpoens

WOs2005:5.0it 668 5ird{T AUBHE CAh QOERdG ang refepinprgs a “theans™) used to describe

p@ﬁct, eShHodnts R SR dltOcokBBorndalnletbthefwia Grldic A0S torzlﬁy §AHpBRE which
%h above descri bed nent s asse

dbeEshe gt fogen Bt St evpigronk ) £, "Ewwalwuwalem)
I efoeghanoceudngal iy euiwiEnso t)'ne distvekdtsouctheswhidhlperforgubdifunction in the herein
C AIRARE @;eﬁpﬁg%mb&ﬁrﬁéﬂg %fj[hé 19ve9t‘iUnr ﬁﬁﬁﬂ{% leQla %ﬁ'ﬁcular %eature of the

ot herw se I ndicated, to any nEonent per forns
t H@e‘é‘ﬁ%@i‘ﬁﬂa@o"eﬂﬁr‘fe‘f’% wmblrespe% &-9 Qe 9eg 9t B%fﬁfa'éﬂﬁ%'ﬂ%’fﬂ such feature may
( ibe @mpbinkdwaith dns orf hbifCdtieOfe@lirbsybf ehe) bithat @inBddinents @44y bd déshaigh
tructural | t he di sclosed structure
&mﬁaemm%xan “¥ 8q#%¥%¥§%Lw%%lthe herein illustrated
exenpl ary enbodlnents of the invention. In addition,

while a parti cuI ar fﬁqmgmmtAphﬂc&mmi on may have
2%0 Iet@dﬁ flr% de\gcﬁ:(s: P]tI t{le é);etesgn g\getntl(%l%rcglée CO eifhegdf l’l’tl(’ﬁ)l‘l(ﬂlctgr memory and
nore ot her features of sehicondudnefabegtiadi nents as may be
desired and advantageous for any given or particul ar
application. 10 I NDUSTRI AL APPLI CABI LI TY The net hods
and devices of the present invention are useful in the
field of sem conductor nmenory and seniconductor
fabrication. 18 WO 2005/ 015635 PCT/ US2004/ 006220
CLAIMS What is clained is: 1. An nethod of making an
organic nmenory cell conprising: providing a first

el ectrode; 5 form ng a passive |layer conprising a
conductivity facilitating conpound over the first

el ectrode; form ng an organi c sem conductor | ayer over
t he passive layer using a spin-on technique, the

spi n-on techni que conprising applying a mxture of i)
at | east one of a conjugated organic polyner, a

conj ugat ed organonetal | i ¢ conpound, a conjugated
organonetal lic polynmer, a 10 buckyball, and a carbon
nanot ube and ii) at |east one solvent selected from
the group consisting of
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gl ycol ether esters, glycol ethers, furans, and al kyl
al cohol s containing fromabout 4 to about 7 carbon

warms®1s6and provi ding a second el ectrode over PAEUS2004/006220

organi ¢ sem conductor layer. 15 2. The nethod of claim
1, wherein the solvent conprises at |east one glyco
ether ester selected fromthe group consisting of

et hyl ene gl ycol nethyl ether gﬁ&$ate, et hyl ene gl yco
ethyl ether acetate, ethylene grycol propyl ether

acet at &hatas dapberie gl ycol butyl ether acetate,

propyl gne g |A}{ Gfethod dTRTaKINg an®lRRE m@kRy Al omppkiaRY | ene

gl ycol ethy ether ac tate, propyl ene glycol propyl

et her acetaP@V‘m%? gﬁ@eglycol butyl ether acetate,

pol y( et hyl efremigg glp?ml\)e layertchiyprisimg memdw@gd ety didcdifating compound over the
pakydethyl ene glycol) 20 ethyl ether acetate,

pol y(et hyl ene glycol) propyl ether acetate,

pol y( et hyl elfpém]gg waylc %P‘S?Pduétf)ﬂ@ller (a/erél[lediaglve layer using a spin-on
p ekhn(qoe, ﬂﬁyﬁlﬂﬂlete@hlyﬁb@bl)lprmg Epplyingta lentur&clie) aftedst one of a conjugated
pgllgy t.ﬁJ 91¥ £ &)%Jugzltf%é%pé % m%faﬂ)( Lonﬁ&lﬂﬁ Fa c%g%g{l a?anometall&c polymer, a

yCo et her
pé‘! { wgq caihen @P%Js pod ip) ertlwt ops Jyent pedetedhfrem thg grogppensisting of
wglty&wahsaésteed Add) elhersyRALANA afkNQIcSHDs\é@Mini KOFERT dbSE S tedbout 7 carbon
Ieast one gl ycol ether 25 selected fromthe group
conS|s?|ng of pol y(ethylene glycol) nethyl ether,
pol y( et hyl epwvidihgcwtond dedirgde ovathserganipwgmicOwiutiglayee
gl ycol) propyl ether, poly(ethylene glycol) but yl

et her, pol et her

ooty pPony | SR ST LS e Raron BT sy s glcol cter eser
gbojecod frompthe prpbp cetsizeng of ptbylgné ply@bipkteyh ether géeyaodthyldnel slydol ethyl ether
e‘c:lég?d{e’ etl@tehé’él&Gﬁ)r(g)lylyeﬁlgll acggﬁé %Jflen%%gcgoﬁ but}qtallﬂyr age@cﬁ‘e Exjo%s&g glycol

etnﬁwéﬁe o B ool R LG PR YD POBL Y st
elbthﬁ)ﬂqne gliydoybugyn etheg hysae| po@(dﬂﬁkh@lélycal@mah)h ether a&stality payi@hylene glycol)
9 ctX% %{her ace?a‘iel gol)éﬁgﬁytﬂe%% %l {/ﬁ%B g P]ﬁ Difter gle}/a% é/olly étlg&gm%/ %/lyc% glﬁ{l ’ethi:r acetate,

epwpmp)ﬁmegiyqoa methy| efherceetdsey P‘S}Y(Pféwlf‘é? glyqeb etﬁylleeﬁecqth%/ mﬂ(vropyleﬂe

digiyal) hydpylethb@atatd) bARPYly@RByler@ Il bud tehyckaet her, and

propyl ene glycol dibutyl ether. 4. The nmethod of claim

1, wherein the solvent conprises at | east one sel ected

fromthe 3Zhgmathed otdams il sthemig thefsolteat qombrysey adieest eng glycol ether
sépc:ete@ﬂ&h the gllesb Jéh‘s‘isﬁﬁhcﬂf polftetpﬁm: g@&h) ,methmmale pélﬁamlane glyco) ehy!

cycl opent ano exanol

5 C‘hel" yfrey ’l‘iﬁ“oﬁ‘%ﬁ?l) E‘P%Yf ?ﬂ‘ei P"%ﬁéﬂ‘é‘le BYERPUH] %&'ieﬁ P%‘y@gﬂﬁ%{‘re gycoD)

f metylatherugolyprafiteteoglambipethyl E@opolk @ropei2 @36 Oitdpe3Eher, poly(propylene

P%éog%g't?p g'{elo Qtﬁ%glg élyQ)Y mg\ﬁyl thr e‘aiylehe) glﬁ:&l Aeﬁ‘@ﬁﬁhty%@r Qtflylé?le glycol

ani conju

o B0 EreTpISTALEreh 2 e b B e et 5P et

p etha Naittylendgl bk Bdtiler, eiylche glycmmbmyl elan@bpylese @yrdl deftyacher,
Er%bl);len?glégoi 8hyzgtgelfl tpﬂ?glgr}%é }pﬁg gut%\%lh ropor%re_nl_el: él%\'ﬂlatﬁmetlw?sfﬁer propylene

c ebiepl diethx} ethey, and propylenaglysetdivhpibind co rrp;r ises at | east

one sel ected fromthe group conS|st|ng of copper

sul fi dg c OR’E metr%{i lg c?alm I, wrhgr%f;]l%leesol\ge)r(ltl combrlses at least one selected from the

group consisting of tetrahydrofuran, n-butanol, iso-butanol, n-pentanol, iso-pentanol, cyclopentanol, n-

hexanol, cyclohexanol, and heptanol.

5. The method of claim 1, wherein the mixture contains from about 0.5% to about 50%
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oxi de, silver sulfide, nickel arsenide, cobalt
arseni de, and iron oxide and the organi c sem conduct or

wo a0080156831pr i ses at | east one conjugat ed or ganPCr/US2004/006220

pol ymer selected fromthe group consisting of
pol yacetyl ene; pol yphenyl acetyl ene;
pol ydi phenyl acetyl ene; pol yaniline; poly(p-phenylene

pl(mr{] é'l eneef %}eﬁﬁgr}eé%é%in_@lg te% OFﬁalBP 1]_%1{2:}9 \rz}g?rﬁl gds c;rganometallic compound, a
p@bryn;g@pmgqnonmlhc pplamgrnqaltugd{ybajlc@n @sarbon nanotube and from about 50% to about

p@b YRk ha rQGMé}Qt' 1&§%ne PRbyvi nyl enes; and pol ystiroles.
. An net of maki ng an organi c nenory cel

conpr|5|ng providing a first electrode; 15 formng a

passi ve. Iayehemompmfsmmg\awemmﬁuOMMMWRyﬁémmhghMQmmﬂgommm%at

C(PJIH QY e&éﬁ%romtﬂté%roug kJn?igtm hﬁgﬁplérosm?ide t:(ﬁ)gy é){&geu gmlgnégrqegea(ﬂldg indium

sem conduct or er over assi| ve
s P¥ife glyer spligd wr'a enilgy @bélb‘l‘?"rmé"n anddrop priidfied fewgan%swwgonductor
am@lzr)ébxﬁlglsa aleatt daé &)n_ﬂﬁatd‘dro%hlaﬁtﬂ)ﬁﬁer £1ed86 frdan tﬁb@bﬁp cglﬁﬁ/m@)bf

8?1 acet}lleneapo)argﬁe.n{llacetty%réf %01)% é)genlyre%eglfelné ugl%anﬁm pol p pl)enéléne vinylene);
C @ﬂy@g@t@@dpmgmmﬁfep@rphm@c pesrgesiglgs, thigl dswwb a¢11rporpams a
C 361D IBENA! poBBh RNy dn QP AR B eneS 200 foBs@beut  99. 9% by
wei ght of ii) at |east one solvent selected fromthe
group consisting of glycol ether esters, glyco
et her s,7. f ur dmsnethachef nakikydn ogdavio eh@y cineraprisinglg f r om

about 4 to ahouhg {ficAibA.at ons; and providing a
second el ectrode over the organi c sem caonductor |ayer.

25 8. The nit'RBE2 B & lyprfomprisiiga F‘é‘fi‘l‘f“i.”ﬁéacl‘ht%%‘f‘%?"é“mﬁg oyer the

t @rspaecadder e from about 15 EC. to about 80E C. and the

sol vent co

sel ected f ?E(E#n?x #n %an#c @é’?ﬁ{%ﬁfg&s ltg)l(eﬁgvg t]beegatkﬁ)é laZétugFl a sgm on
méschjque.helieip- Oa@@wworﬂ@tw P@ﬁ@lggwwr- ofe‘tomﬂ oysp. h‘@rto dbout 75% by

a@\eigﬁtto&) at&éah}éhﬁﬂ e c@buﬁﬁ&i orgafit pgyther, atc&@fgat&')@‘ga'ﬂbtﬁetalhc compound, a

rKUﬁxte eC{r nyme?alhc ty1¥1er aeo h(e Ballagngg %z}rlfeo’n ng)qogg%/ eﬁlg F} glho}itczgl% to about

er acet ylene
aé’%?‘étbéwelght ofi) hideret one syt,vent sqane@wm toe brovp cawstivarcs glycol ether esters,

PR bRAE fidnY, @&i an@uznaéholgectomﬁlng@o@%&tatt@abomIcMG&tatbwsean@
gl ycol) nmet h etherngceta% | eng %1 co

et hyl ether? c‘f‘éi"é? geeond glggtrde %vw*re@ “‘&f Leggpet |83/|

et her acetate, poly(ethylene glycol) butyl ether

acet at g po'TXé rggt %k (ﬁ{ﬁg 7, \ﬂle%éﬁ‘l%e)mlﬂgr% nlea te ?\%Qg&re%&% @(}u?IS EC. to
pol y( propyl ene g co et hyl ether acet at

pabop{ YPESpyd éweolgqnsﬂ@@pr}sem sy one glyedhether gxtes sedecied frem the group
p@l)rﬁél@tﬂfg Qpé(llyﬁ:ﬂ@glgz'ob/rﬁé&‘y) etlkéuic}ftlate &thheke dg@@@teﬁpl%ther?’a@etﬁe eth{1&he glycol

e con
{ RePTE b ey B HH BOABNT SEulq o FhdES T ittt
f popyl¢naglygp ey etbay atagt prmglemaf gledppey! eter ab¢tade propyigmp elycol butyl ether

0% el p &W&%ﬂ@gﬁﬁo?%ﬂﬁ ethér aEe@a@ W(et@leﬁlégl%l) eth it Pketate,

oxl de, silver sul % , nickel arseni de,
c Bb‘é(le‘{hy‘%i\e%(m‘)d’éol’yléﬂ‘ﬂf FHBN P‘B%F‘EP(%"“& Blgcolibpiyl e&“(j&ﬁﬁi“% poly(propylene
S @ytat)omehyCdti@r acktaty,@bly@opidéne §Bsol)athyl ct@sdcetrd) @olg@npyeakgchl) propyl

g%@?%%%gg%%%@%ﬁ%@%&ﬂ bl URef £1§a£0 VO 2005/ 015635

9. The method of claim 7, wherein the conductivity facilitating compound comprises at

least one selected from the group consisting of copper sulfide, copper oxide, manganese oxide, titanium
dioxide, indium oxide, silver sulfide, gold sulfide, nickel arsenide, cobalt arsenide, and iron oxide and
the organic semiconductor layer comprises at least one conjugated organic polymer selected from the

20



group consisting of polyacetyl ene;
pol yphenyl acet yl ene; pol ydi phenyl acet yl ene;
w@ologareds ne; pol y(p- phenyl ene vinyl ene); PCT/US2004/006220
pol yt hi ophene; pol ypor phyrins; porphyrinic
macrocycl es, thiol derivatized polyporphyrins;
pol ynet al | ocenes, polyphthalocyanines polyvinylenes

ngg)ué) c%lnéfs%%% (;fgkleaic‘éetylenehpolypha‘rrll}'lacetypne E’o?ydlpganlyfa%e%'l an 8?1& 3me poly(p-
f @hq*ﬁ/lmg vaylengy @Plvtéloplﬁyfe POIXPGWHHS perphyeinic madesgdl¢svthiphderivatized
f @6ihdokphink;ply HENREUAB b Rbaldchined; Faf&ﬂ;ny%he%%a RlRiiroles.
form ng an organi c sem conductor [ayer over the
passive |layer using a spin-on 10 techni que, the

5 spi n- oA0.t ec Aningthed Forping @iongniapphyy eet) cammisixg:ur e of

from about m%g%ggﬂggﬂy&mZSWbby wei ght of i) at Ieast
one conj uga ani ¢ ynmer selected fromthe g

, up
consi sting 6‘?“““%)6? Sé‘f?éiyffl cé’ﬂ%“s”‘éé FYPOHFEHY I fditips ?é’ﬁ’é"““d over the
p@bydmphbnylacetylene polyanlllne pol y(p- phenyl ene
vinyl ene) ; fcﬁ)rgjné/ Lthdr%eila ?Jllrﬁcomﬂlg 8xy lQ}gf &JQMBA lﬁssslve Pagér%){g d sg n%n

nacrocycles t hr ol rivatize P
10 R SIS eI Y ATFOEY AT HEES! T5B1 YO o éaiau 75% by
amalgp@f N&U&aft@hﬁﬁnju@f&d onfgirﬂmoarblaumecz’ea%mhe@hﬂplEonaaamg9f 9%
et her

b}éolvﬁéﬁqyne p% yghen)lac yle e yrd (S)geylgc%lé/ e:net Holyamlme H&%&) %ﬁdnyleneq“nylene)

econ \
I @WtblgmmP(@WOWW‘EQ' porplgggmc macrocycles, thiol derlvatlzed polyporphyrins;

polymetallocenes, polyphthalocyanines; polyvinylenes; and polystiroles, and from about 25% to about
15 99.9% by weight of ii) at least one glycol ether ester; and

providing a second electrode over the organic semiconductor layer.
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