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increase storage per die or chip). A postage-stamp-sized piece of silicon may, for example, contain tens of
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35 SUMMARY OF THE INVENTION
The following presents a simplified summary of the invention in order to provide a basic understanding
of some aspects of the invention. This summary is not an extensive overview of the invention. It is intended to
neither identify key or critical elements of the invention nor delineate the scope of the invention. Its purpose is

merely to present some concepts of the invention in a simplified form as a prelude to the more detailed

40 description that is presented later.
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increases the concentration of the charge carrier in the polymer layer resulting in a modification of the

conductivity of the organic polymer layer. Furthermore, the conductivity facilitating layer can also store
35 opposite charges in order to balance the total charge of the memory cells.
The conductivity facilitating layer can in some instances act as a catalyst when forming the organic
polymer layer. In this connection, the backbone of the conjugated organic molecule may initially form adjacent
the conductivity facilitating layer, and grow or assemble away and substantially perpendicular to the

conductivity facilitating layer surface. Asa result, the backbones of the conjugated organic molecule may be
40 . self aligned in a direction that traverses the stack.
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pol ymer | ayer Fl 1R atsyﬂeﬁlamyéaétfaﬁal 1119§Hamtoha l%l'tﬁ)ﬁ bf PRSFer @é}ﬁknﬂ@i Igénoi‘}l Qiokikedt he

poEémar l@% it can be both n and p type with proper energy band match.
uch, ?"F‘é‘?ﬁ“cof‘%?ﬁg"“f‘P’b?ff’etch‘gﬂ‘fgregf‘té%“ie?ttﬁ’ae | ayer to the first conductive

| ayer via the Bgleidsiars by arsg ntiuamtorywellsnsachi aa mayTigs chinposaind e forsddimavtordrbcet he
f or egoi ngw@.pag f]gcltgftﬁéjprgsgrgﬁwcnﬁgt{tal nillustrative aspects of the invention

are descri erein 1n connection with the follow ng description and the
dr awi ngs. ThesBe ddjeeheaatis @oss septippgl iustspeon of pupesipe of 2 wier hajtingp cpukyptiys layer gith a
various wayductivity Ydoilitating 15)@r Pofnied CheipbrAS acodrddnbrewith AN espédt GMhelpiigerbiveanpl oyed, and
t hgppresent inyentio S |
canlval onts. 1 HE {uld e RARE el ot BEphon FHE R ARRRELE B ML,
novel fea@rean@@o’amertlwe fpwémer Brcopfuctivity Ereibiainzdgyprar ent fr omthe follow ng

dﬁt ald l'ed  descrigptit Diahddfatié Hiess beBI6RA illuAAioHIL the SARRSH o 86 Qkerl d3pi6iedih BIZCA habifig 4 T h
the draw

gigc%rbde layer formed over the organic polymer layer.
Fig. 6 is a schematic cross sectional illustration of the portion of the wafer depicted in Fig. 5 having a
35 ‘patterned photoresist layer formed over the electrode layer.
Fig. 7 is a schematic cross sectional illustration of the portion of the wafer depicted in Fig. 6 with
apertures formed in the patterned photoresist layer.
Fig. 8 is a schematic cross sectional illustration of the portion of the wafer depicted in Fig. 7 having the
apertures etched into the electrode layer.
40 Fig. 9 is a schematic cross sectional illustration of the portion of the wafer depicted in Fig. 8 having the

apertures etched into the organic polymer layer.



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic cross sectional
illustration of a portion of, a wafer depicting a nenory cell formed 25
thereon in accordance with an aspect of the present invention. Fig. 2

i |l ustrat e®VQ004p¥3830 of nenory cells, such as may be conpazeck0d3/0080s S
formed in accordance w th an aspect of the present invention. Fig. 3 is a
schemati c crosiSg seshisBdtic blobsWetisrl il1eath ofnddRlibh Qe YarePic WL Ll &1 viar} a
conduct i vig. Lawek edeli B @ine SO duct'%v.'.té facilitating |ayer forned-thar&n in
accordance W th an aspect of tte e‘f)‘#“é BiYe nvention. 30 Fig. 4 is a

schemati ¢ cr os4e dbie rsdhpmitic plodsystiomat illomatioh of thepofion dtite Wl debibil B &l nslaRi ct ed
in Fig.. tBedpamirejggc@aint&ﬁgﬁg}icgnd%wwﬁ_I ayer forned over the conduct i vity
-facklitating Iﬁ%/(gi.. Fi%. 5 is a schematic cross sectional illustration of

t he” portion o;ﬁgg fre'™ AT ScRrap i stisertipnatillystraionph e prgticaiof theskabe tiepiaehe inl Fay -
formed over t . & igamihemaviobrgmeectidralitisiatich 6 theoitisn 6t 13 SREMTRLiEG i FRSS with the
.secti 0na|rema{iﬂjﬂlg%fti@ﬁs'o@ﬂxegktotrgﬁtlzglgxgr%rk(%@d.()f the vf or ‘depicred I Hg.s

having a 35 patterned photoresist Tayer fornmed over the el ectrode |ayer.
Fig. 7 is a schefhfpehepays sosestionatiliusiritiph efgkearibron the frattiepiparii Fign 2@k thbe
waf er depémwdiee portiodsiofthe Phowlrdsi layadSthdved §ish o BIIBRE mbil: patterne :
phoyoresijsh. Laygl: Fig. 8 is a schematic ‘cross Isntgat%'fali%ﬁlgﬁg‘}efﬁ'ﬁsrs}?cgﬁﬁﬁgﬁ‘gof
the portion of the wafer depicted in Fig. 7 having the apertures etched
into the el ectfifodfeis f eppempatic 40ss Fictpnalllssation Sfeke@bmbd oF (6 wesSlefi@6d ih BiBAl having
i |1 ust r atais@andbndubtie RO AL RE; 10t B, 1ehed.J.n Fig. 8 having the
apertures etched,i.nto the or arniec p;apl ﬁ?rﬁfﬁggﬁgg%o%&y 004/ 053930

éls others%ﬁ s ; ;
PCTI US2003/ 02 B¥ = Eeger s CESSETHerR i graiqn 95Ee roetion plokratatar Hipigst ndlis. o of
the por t idyinesfpaiamed photosssisideypi fotredioventhéicghnd Son@Mieger. t he apertures et ched
ini® the condugd iMm i end@@l Lbd abddad ik . Rig. 11l .1s a schematic Cross
sectional,_jl| ust rgti gn, of the port ilo‘%yaggn%fﬁ%%%?neof lhﬁ&%?‘éif’%ﬁedi"hﬁﬁ16.“’“110,
havi ng the Spertedirdee sroehegdychiedyerfemingwordissnduct i vity |ayer. 5 Fig. 12
i s anot her scéntftis Tschmpsscree ebioamalustatibiis i 85hian: B wibiQeRLdih AR 1|9fwitﬁ he

waf er degﬁ&ﬁggfomdﬁtgeeléamelag' g. 13 is a schematic cross sectiona
illustration Qf the portion the wafer depicted in Fig. 12 with the

renmai ni ng por t oS Hichemc ers tegtonal filipstration of the pationcé tle wittrglepictell ih Big.assahemat i ¢
cr¥ss sectertonsforniell inthd drguhic polyk 1aydde portion of the wafer depicted in Fig.
12 with the R j;0d tions. of .the phatoresist |ayer rempved with a
dielectric mater i,al{| %geﬁ% ?%%Ois)f/egfomfl Héls%afl%&%ﬁ’ﬁﬁ?i“‘fniowli’ W#fer damictedrin Figdlo the

‘aper t ur e$emaming porfieps phthepheteregistipyér cemprveisrths distettonadterial dpplill 6@t thOfacR indtilc

porti on afthd el er depicted in Fig. 14 having a second conductive fayer
formed over t ielectric material and the electrode layer. Fig. 16 is
anot her sche n%L 5 % et Ec;oswsChgglt':l@ﬁtﬁ‘éf’ meed (8% fPratine g nempry colin prodrddnenwithfan spest ofaf er
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second conductrigy® i @ﬂ&rch?rg_@ﬂ@gusu;tyngiﬂ%ﬁmggg%%ta&%c_ crgss sigti _otnﬁl
er depicted in Fig. Wi

illustration 9{0 3Qea1{()orth| 0 of,ut he wa (
apertures forned i tHe" %‘é@‘iﬁlﬁﬂ‘ EgAtg demgdod ffigs. 24 end2ng wor dl i nes.
Fig. 24 is a graph depicting the effect of an intrinsic electric field on an interface between a
conductivity facilitating layer and a polymer layer in accordance with one or more aspects of the present
30 invention.

Fig. 25 is graph illustrating charge carrier distribution of an exemplary memory cell in accordance with

one or more aspects of the present invention.

Fig. 26 is another graph illustrating charge carrier distribution of an exemplary memory cell in
accordance with one or more aspects of the present invention.

35

Fig. 27 depicts yet another graph illustrating charge carrier distribution of an exemplary memory cell in
accordance with one or more aspects of the present invention. .

Fig. 28 is yet another graph illustrating charge carrier distribution of an exemplary memory cell in
accordance with one or more aspects of the present invention.

Fig. 29 is a graph illustrating charge carrier concentration at the interface of an exemplary memory cell
40 in accordance with one or more aspects of the present invention.



Fig. 18 is a schematic cross sectional illustration of the portion of the
waf er depicted in Fig. 17 with apertures forned in the el ectrode | ayer.
Fig. 19 is a schematic Cross sectional illustration of the portion of the

waf er depigte 18'with 20 apertures forned in t ' | ymer
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in the ameménykeisn adebr@ancdith ofie @ nlole@We@hdFlitle prdsdntimldn@dnl N a nmet hod for form ng
a nenory cell in accordance with an aspect of 25 the present invention.
Fig. 22 is a flow chart further illustrating the nmethod of Fig. 21. Fig. 23
is a flow chart further i PETALERDESCRIPHONTGR THRINVENFIO)S. 21 and 22. Fig. 24
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numerals are Tﬂé&%&c%of&ﬁ&qg 196 An}i lé(ﬁxd@ckﬁ glnfggﬂﬁaninb {ag 4 gﬁ%lég be. c?lféctl %2 {Jﬂ%:'e 0 as
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or nore %{m%tro(azl %Q?ZOoamgte%%epérstlconq Qe[ lgji%gldm?ﬁg?x%ﬁe@r act | Ced W th a |esser

degree o ese spe er known structures and
~devi ces may be hiﬂg@mﬂmﬁda}’m 13¢traydie ag}malmdfom pAnjugateioaric ingerfal eich ft acsimel!
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i [ hustrate al. view o er

%r eon &F eendgermﬁo‘rsggth??ﬁﬁl &‘F 19 %‘{%?aé‘?’d% nd “Bgfsy??é?“cr?@ﬁﬁ??vo%{;rgu%ef‘fffﬂgg or cells
156 are Féstamdlly perpgedieriad@itic etadk). tThe cmimgaed onganie maBpdatusbe linear or branched such that

the backbone retains its conjugated nature. Such conjugated molecules characteristically have overlapping 7t

orbitals and they can assume two or more resonant structures. The conjugated nature of the conjugated organic
materials contributes to the controllably conductive properties of the selectively conductive media. Such
30 conjugated organic x:rlaterial has the ability to donate and accept charges (holes and/or electrons). Generally, the
conjugated organic molecule has at least two relatively stable oxidation-reduction states. The two relatively
stable states permit the conjugated organic polymer to donate and accept charges and electrically interact with
the conductivity facilitating compound.
The conductivity facilitating layer 112 also has the ability to donate and accept charges (e.g., holes
35 and/or electrons) and contributes to the controllably conductive properties of the selectively conductive media.
Generally, the conductivity facilitating layer has at least two relatively stable oxidation-reduction states. The
two relatively stable states permit the conductivity facilitating layer 112 to donate and accept charges and
electrically interact with the organic polymer layer 116. The particular conductivity facilitating layer 112
employed is selected so that the two relatively stable states match with the two relatively stable states of the

40 conjugated organic molecule of the organic polymer layer 116.



of the present invention. The organic polynmer nenory cells 156 include an
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40

Referring briefly to Fig. 12, a second cross-sectional view of the wafer 100 in the processing sfage of
Fig. 10 along line 130-130 is illustrated. The bitline 132 is a continuous row in Fig. 12.
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The memory cells 156 are useful in any device requiring memory. For example, the memory devices
can be utilized in computers, appliances, industrial equipment, hand-held devices, telecommunications
equipment, medical equipment, research and development equipment, transportation vehicles, radar/satellite
devices, and the like. Hand-held devices, and particularly hand-held electronic devices, achieve improvements
in portability due to the small size and lightweight of the memory devices. Examples of hand-held devices
40

include cell phones and other two Wway communication devices, personal data assistants, palm pilots, pagers,
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properties), and generally has the ability to donate and accept charges (e.g., holes and/or electrons). The

conductive layer can include, for example, copper as well as any other suitable conductive material such as
aluminum, chromium, germanium, gold, magnesium, manganese, indium, iron, nickel, palladium, platinum,

35 silver, titanium, zinc, alloys thereof, indium-tin oxide, polysilicon, doped amorphous silicon, metal silicides, and
the like. Examples of alloys that can be utilized for the conductive material include Hastelloy®, Kovar®, Invar,
Monel®, Inconel®, brass, stainless steel, magnesium-silver alloy, and various other alloys. Some exemplary
thickness ranges for the conductive layer include about 0.01 pm or more and about 10 pm or less, about 0.05 pm
or more and about 5 yum or less, and/or about 0.1 pm or more and about 1 pm or less.

40 At 2108, an organic polymer layer is formed over the conductivity facilitating and first conductive

layers. The organic polymer layer can be applied over the underlying layers in any suitable fashion, such as
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35 hydroxystyrene. Photoresists are commercially available from a number of sources, including Shipley

Company, Kodak, Hoechst Celanese Corporation, Brewer and IBM. The photoresist can be either a positive or

negative photoresist, and as such either the exposed or unexposed portions of the photoresist can subsequently

be removed or developed, depending upon the type of resist utilized.

At 2120, the photoresist is exposed to facilitate forming one or more patterns therein. The photoresist

40 can be patterned using electromagnetic radiation having a relatively small wavelength (e.g., less than 200 nm),
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provide the desired properties) employed in polymer memory cells plays an important role. Its presence

significantly improve;s the conductivity of the organic polymer layer. This characteristic is at least partially a
function of the following: charge carrier generated by Cu,.,Sy, build up of a charge depletion layer, charge
carrier distribution, and memory loss due to charge carrier redistribution after reversing electric field. The

40 discussion infra describes and illustrates charge carrier concentration and behavior.
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_i ncl.udi ng, fo‘rsl ex%lr‘r!gﬁ%g?@p%h%g%gﬁ l“%ﬁ%@%%%’té‘g“@ﬁ?‘f‘ %ﬁ“d?yﬁ%%?%o AR 8% apor
depdsition (CVBE:Sy owPPress serashenfolyaler* vapor depositi ap (LPCVD), pl asma 20
enhanced Tiketise@@incyid Bl anG@ARR kI APrddREFMP)o th@(!hg'ges Q%Grﬁl!ﬂ&té@ HaEH e%cl o gRRr

por tlonm{ &\ft’)‘f’ net al

.deposition, ( rapid  therpal chem cal vapor deposi

organi c cﬁuéﬁ%;' ng)ré(a?{’ o o8 ?I%ﬁésﬁa%vf“t‘? gg ZEslEs)? exarb dopistingdlp effponefap ingiagicmidotric Held
(PLD). lt°nas lrlﬁf@fa@@efapm@@@satasbh Holyaur it previdel e THeloidiged| paly @ér (RoBihe Y Be hik¥e
Sui t abl e daierhaes il BB s, 4RO G gp@gvlg]ﬁgds Lemmaiall ons andlor

i nygnded utilization of the menory devi ABPTEaY &f°

suitabl e Tf'®kness for the el ectrode | ayer includes a range between about
100 * to 1500 é=qpar exanple. It is to 25 be further appreciated that the
pol ynmer | ayer \'Nf. gen raélyc)%hi cker than the el ectrode layer. According to
one  aspect of "thel BreSEie of RYEHier 8/ caiffeormtatignaad isthe pRlithol ymer | ayer is
from about 10 Referdzont t&OOchtizripledndatrasmpldyhg sibfte cdrbdpEd RESE walh rdshtet to

el ect r odeseh@yftiotord, B pStORLINRL i ARBE xR N Present invention, the thickness
of the polyner |ayer is fromabout 25 to about 250 tinmes greater than the
t hilekness of tRKéx)et el¥ythde ©*496e. 1t will beapppreciated; however, that
ot her suitable ratios can be enployed in accordance with aspects of the
present i nvent Y5 N> Shemyerage cencensratipg of chargsiratrion, eisiths Wielestii@qonsiast df he polfrer, mud

over the &lissiptwidibles thahgaadepleRl ¥6af be dagmsttweinw?;}a{g tnd @ﬁévllnigtea,}gmg and first

conducti ve Iayers.zT otoresist layer can, for exanple, "be grown,
deposi ted, spug-e £ 12sputtered onto th@ underlying | ayers to any
t hi ckness suitabl e fgWN,functioning as a mask }or etching wunderlying |ayer

(s) and for formng patterns or _?c_;geni ngs in the devel oped phot oresi st
| ayer. ByVifRy Bibe exlspuehiiidvoliags apnliede Fonfvrwe aplizes It fsy'— Hvignl Fof hettvgectlapesisst i s
_a Barti al‘#ysige but oxycar bonyl oxy substituted poly-p 35 hydroxystyrene.

Phot or esi -k $oi25&uh i@l ly available fro unmber -of sources, including
Shi pl ey Corr(f)a%y:1 K%E?'(agé%ﬁ?éfpr%ﬁ’a%%gossm‘%g’)rtgeo H4¥#%h, Brewer and I1BM The
phot or esi st caMihEsPesttrbpeerapigdistribytiondike p-remratof v @mphohiasreshb pivcessasnigpiaty such

ei t her th&e@lﬁ@ﬁﬁﬂhddéd&idﬂb%ﬂ%ﬁ&c@wete!gﬁ $da@f: the photoresist can
subsequently be remaved or devel oped, dependi ng upon the type of resist

utilized. At 23120.4p %@resi st is gyposed to facilitate formng one or
nore patterns thereindx e photoresist 40 can be patterned using

Chan 500 Aol e aliBiadbh A ORI Bl B B hodiTisle 4%, example. 11 15 o
be appr eéfﬁf‘éiﬁ“?ﬁﬁﬁe“tttﬁ“ecaﬁﬁbiiﬁﬁi@@néﬂﬁ | ayer can be selectively exposed to the

radi at i onp(H)Rap0h exp([(FeOR(®Y/pept i ons gf the photoresist |ayer can be
exposed to rzﬁ?ati opn to for(mgt heratter(ﬁ)s therein. After the photoresist is

exposed, 4erepbis thecppsenirationc YPAivtolaze rytivswet fapiredporiesy, sid W, ayey i s devel oped,

such as by i rWieha&tirdRolbkdiflsodargUial @DLuGeM YL} O hdheret he
exggsed of, %@Sé%gvsv%qth o?ti olnsso (;% tahe phgt or esi s’?{e agalﬁig%}éﬁmég%tb?geﬁg%of?r t he
. s

phot or esi’st "I"ayer " are VSV R & g roiressisiibhine inghe shePremllendy favad oltagfhe

identity thf chargpedistribution p(x) is an increase function of x. When reverse voltage is applied, V(x) > Vp, the charge
concentration is a decrease function of x.
The final characteristic, retention time, refers to the fact that a forward voltage produces more charge
carrier and the charge carrier accumulates more on the other end of the passive (CuyxSy ) layer (away from the
35 polymer). However, this charge carrier concentration will be set back once the voltage is removed, which

includes two processes: charge carrier diffusion toward the Cu,.,S, layer and charge carrier recombination on
the interface.
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devel oper can depend upon, anong other things, the specific chem cal
constitution of the photoresist |ayer. For exanple, an aqueous al kaline
solution may be enployed to renove portions of the photoresist |ayer.

Al t er nat i WglhoosARRgesgr nore of dilute aqueous acid sol uti Q’Q'%‘USQ Ogyo?g&:ple
solutions, water, and organl c solvent solutions may be errp oye 0 renove
sel ect ed(ﬁ)? Ev(V)andof n hotoreS| st layer. 10 At 2128, the el ectrode |ayer
is etche ORI RTR e‘fﬂﬁf’r H@C?%@a‘&ﬁm%?@gslqnﬁpwméhesqua@klamt'ﬁxepme carrier

phot or esireppmbigatipn ¢anbe deseribel s @illoes: as a nmask. At 2132, the apertures are
etched into the organic polyner |ayer. The organic polyner |ayer can, for
exanpl e, be dry etched with O2/N2 + CO and/or 02/ N2 etchant conpositions.

At 2136, S c+c}3r?B’HE’fT‘\/Ft’(§D$ dchdymeat i ng | ayer is ehched. At 2140, the first -
corﬁjuctlwty | ayer is etched and the remaining photoresist portions are
renoved. 15 At’l“hezr]é%gﬁo diel ectri CE“Q i nsul at i ng materi al deposited over the
el ectrode, organic po Wt © U KRBT o edisiribute sheicharge satrigde thmetiztaintitec Risvikely

| ayers i dhabibpiesction rafﬂrseelatwdb'éctmrtham diffagi@r atell Thérbfore Shd rBterdtibetiBd A bd suBiBnd0f Med

i Nt Ot he detrnfifed by0H AN B8R0, POl yner layers, and is fornmed to a hei ght
sufficient to be cormensurate Wi th subsequently formed wordline. The

diel ectric nmatBFFEPlapyRemoryell iscantidpred hepsin vigraspst to the equitiohghe digfissalraprt andes s

t hkth or  d@lpsteded incFig. 2573 Thd exvm;lmry&elsapmd%a aﬂe;qrah@@s intrSic d&n%e d b, My Dbe

applied i a kFor | ectric_ can |n|i|ally be
deposi ted‘lﬂgtlggri g[L L&Lgd% Qeﬁﬂg n C(rmcfma&p‘ Ecué" e ST YR 2t fptssfeesd QIY"EY]@D[CI”% P Joj n

t he aper t‘L}P%@m Mém?féthﬁffl%ﬁéf 5X1@f°ﬁt(ﬁéﬂﬂ@)l aafl Eut thicknes dRs + 51207 Ge0apu). ek

accor di ngypleal cased ASdabiilaele AfisthakteAcRED GRS BonTH erbré"dﬁc mfetg&y e Rcbtdan emnﬁ:lan
coating, ,.sp ng, Lhermal oxidation and Tridation of si ng e crystal
r?g t{lfres inv

SI| con a SI co?\n“o’f he formation of si I icides by direct reaction of

posi t ed n&ga?5 dezlﬁemremhl 25Q0pqf cirar gel eqpidss Histributionl YD), theleRapSHlEPtheoRR as a

dep03| ti fcidrYidistantOém BE €538 e etfa ced C PECVD),
hi gh densij LYoo c%éfﬁ%égﬂas%ayvgdo%gde&g%?% gncg%%%{% %;J] 5 § gb%her mal

CVD ( RTCV"© f&"“&ﬂ‘&?ﬁ"& %?0"\%}5%?“ aakew@deqrwanpwmf dlatn@e pifreed
| aser de ﬂ’@mtqrﬂa@n ThiPEE)h 25Thssuthieednegitmal @oltapd et 0 ald a@aﬂmﬂ | NCh. UG chafe@EarX 2NPI €,

l a 1S 11} d
N i e )

( , Silico
pd d;l)m | i EIS?P“ %f)f'ﬂ?ﬂ%“‘g?l SEBRLOL et r aet hyor t hosi | i cate (TECS),
phosphosi | i catI‘ermyLz, amto(FF&Sm anobex 2P 0HP DRl CRlr & BliaS S tivhBROE0 fordiy

swtable m.d r any other suirtable dielectric
Bt er i al °’°°°9‘Bﬂfi<‘3%% Riory B el BkoHoo i hooet ol iy i ot raph

wor dl i ne 2§90, paramotyns ore st prfollews faryard ypithee =0V addayrent flug Jpat Thy Qeg, widthhs 22
phot or es higher vd%&igez%ahe othBEenl (etaRik n%b II‘§1s ﬂ'ﬁ/\{sethé)oﬂﬁge a.ﬁite %Ja? Q'Om E
ayer

s
conduct i is_etche electro s ete lgmme
?3(21168 K‘E‘ﬁ;eul %%{tgacnafrﬁer POryH q‘? " @3 %Sr‘m ?“§re§f en efrid EP"‘é‘r?‘h‘PWi’Sﬁ@’“ﬁH‘m“@‘Hé@)l itis

portions 0% p smallevigky e fog ﬁHSAﬂse (20,79 yalg iscH. Bk O fcml for tataes shabn ih Figagop| Thadxpld@ wh
W || be appsigad atagdod J&H&uct@r v@féﬁ' fheetd %lt& Y ishapfibd. eggﬁnl il\9Ee %Xn?tli: §nsta19 ellectr%%id Sy,

where x an rovide the desired prop
pol ymer neo‘gr%ér{seﬂoretlhf Iélotpl S rﬁio i lemopsEed a5 ndprgpdent of gogstant @%%i??cf@ld a§P’§PﬁOﬁ| cantly

i nproves the Ekarﬂiuicmlctwet gnomér gtapie2700 ofachirge cﬁﬂbr}ﬂ@fbuthoﬁyﬂnofiﬂg bﬁmﬁﬂﬁ@l‘nﬁﬁg@rl stic

i 30at | easitas PREd G &0
gener at ed ?;%on Jtbf>§l(l)ﬂyd?(sta{amf.lf Hﬂﬁeté ZTB %do{ggﬁg%’? ig?)lrlfafce? pee W%%@’?“"EQ? rier

di stri but®’ {pe P‘tﬁ@%etﬁwéﬁ setguc it fgfereteesp wl@ge = @2 Voand fhb aitrientd =af . t er
reversi nWite Irearersqd wcltafg¢ aiedhargEIaﬁné%Gh DicsdESian du{.l V%lﬁ@ﬁﬁ(eif&@%nd%%s hlidelf3d T at es

(F:’g?l:; %gz 8%%3;116:%8{2%8%%%1{ f’lﬂs a&ﬁl ﬁ% qhebu?tgr%ce wFuch descnbes why the memory cell becomes non-

conductive when high reversed voltage applied. Again, Eq. 6 with constant electric field model is assumed for
35 the plot. The points demonstrated are independent of this assumption.
Referring now to Fig. 28, another graph 2800 that depicts charge carrier distribution 2802 of the
. exemplary memory cell as a function of distance in accordance with an aspect of the present invention is
prowded For this graph 2800, parameters are set as follows: forward voltage = 0.52V and current flux J > 0 (p;
= 10%/cm’ ). When current flux J > 0, the charge carrier is still an increase function of x because the forward

40 voltage drives the charge carrier away from Cu, S y interface. One important point is that the lowest
 concentration p(x) is at interface.
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In the foll ow ng exanple, a conductive polyner is inplenmented, and Cue-xSy,
(where x and y are chosen to provide the desired properties) is utilized a
conductivity facilitating material. Wth respect to charge carrier

gener ati onWQ 284/68per in Cu2_xSy is in a non-stioi chi omatgr/gs2008i0d@k3 on
state: 1.8:5 x:- 2.0). It has relatively strong capability to gain

el ectrons f romF@ 20 ﬂmu@taﬂaﬂahepeh%@oo &@ﬁr@é'cﬁ—h&léon&eﬁt?au&%t n?ewa&%ﬁ%ﬁf%&' on: 5

Cu2. xSy + F %/{ eI Og% 1) he consequence is t

intrinsic Teld mory &% f;é‘gcé‘o‘b?fé“{” % ¥ ‘ﬂ@gecha‘?"@% graphe iprAraiclss agsretsich thiﬂtd t>é’r face
bet ween @a20' >(®y) aadn assypess g papstant dlbdte fiekl nsddelWhhid tibdEfia@umdd4he elabiicteld is thaceg isaph
depi Ct | NGeohdbfit. EfnbiSele, 13 voﬁ&e IVHCB {s 'd&éﬁbgd fsl qgéag fl.\ﬁcngnl %‘L.\g modelis & hlza?%% lel’le(n%l yer +)

.bet C?g& xSy and tg{ zed
he chargen C‘E‘étf“}‘f’ fe RRH, é‘ﬁf ‘éﬁ(’ﬁaélra%ﬂ’ef? is eqretarit glectris prisistanpe. Wh’ethemmdhhcftelclwgey of
poI ymer i @mrdedoecentariecht hyerthde S deRE @Y Thicb @ Rol@dddit & hdied tHp B RInkd b Ve coldnt drd? P

-(2) Wer 0 he carrie arrier concentration and
|(s) t he m?f Olﬁva}dsvowgls%pgre?oﬁl {%’835‘3? BrepiE °°“{%‘%‘F‘8%¥ RSl as B npiehare Wi Y ng ag

simlar C‘B‘ﬁ‘éaéﬁtA%fgChaliﬁ@IcPle‘?ffWItﬁhn ?Sespect to sem conductors, a potenti al
function canem«? expressed as %*24—2)—#6—(—3@»” P e re Np is the
average ¢ | PoloH r us Ty &t &b co ant of
the pol yrrggD aﬁg B |gl?ﬂgﬂ\k£ g‘fqh o?}ngﬂé) charge depfetion. 03?16)
i@ i ned bye | oying the foll ow ng equation: 2e(Vb V) v2P wherevlsthe
rnal ?*i‘sésfqd QﬁB‘I‘“ﬁ%‘&é‘“&B‘fﬂﬂ(@@ an giease Gmglon df thicknesargig betveen Guy'iSy ldys iaghpolyiar
the reveriger.voltage, it is 20 "+" sign. The voltage function of Eg. (3)

can be appr oxi |i f derivation. Wth respect to char
carrier distri lg{ﬁtzlﬁglﬁﬁu%e?%?o P graéh §d3§mat Pigfs ARy c&‘B‘chfﬁ‘&Cf‘B’fa“Op“ta\‘/\Be ‘ﬁ?ﬁ?fé%oé’ggf
typi cal | ythe %XEIR@“kSFla'E@Y Folf ag f"’}eﬂlelll @f(erWitré V¢ltaed‘dnacc15fda®e fithuan agik obe lexspnrtessed as:

J =- D +gbyhtidn3y pr&ﬁie&MFbE &is @'abﬁlcﬂl pf( Cf) I fQQtl&Q)@&ﬁVﬁﬂROﬂig& tcm-?enpﬁ @E gﬁna%F I{J
'S no current ecarrl

Eis
a8 11 but PO T Fb T vyl o g i Sy B e T lipome peie
t he conceiytasigp F‘@ﬁwﬂ V{tg ynofied isaprilicabtpevhert tht ditfusion tamstinactehel el Mt vevalhiye. Ta@dorv
=kT/ q. W‘lﬁd’blefc@fc\f@fsﬁnc\i 2l tﬁeazgl@m 'Irﬁna? OWM?tBQ ﬁlo&eh M- cﬁa%g cardid cqunén]gr%uon 2 1ﬁ][?rﬁce ig

anal ytic 4 n.can derived f
assunpt i oY% gras fEET ¢ d&l&g‘alhs‘f P‘?t‘ﬁ‘ﬁﬁaf ‘Bﬁ‘gi W ﬂt‘ah@( Vé@’(@s to pzere aftar fOf\Ym‘%i‘e#ta"? rwar d
vol t age, lax‘ghelouﬁha%ex the chtinge dattier Qe fifexthcel cBnt@d1d the &%ﬁtm&e tfidvaGk listun@t‘ion ¥t Wien
rey@rse vgld g'@hléz% l ri i ac €. nce I A

theld rom-bEﬁLQO %/étfé)tci the F](Qtf EPGI’ Iagr,?’lfx% tbé Ql n 85 r?éxcally él}e ers to

decrease function of arac
the fact PHhetres tgs WEPIW@&@@C;%@%@@@ ot endatreheg e supelv Hinisr Them the liliging

char ge can@iiedisoasgindsat es nore on the other end of the passive (Cu2.xSy)

| ayer (away f rom t he 35 pol yper) However ﬂ'f his [char ge carrijer

concentra bac \40I &g, i[®obemaryfduShi ch i ncl udes
two pr oceég@s zéha’rq ol '% ?gr ?ﬁfﬁ%’%ﬁ rd VJ(@)_QAZ w&@y Jyayer(lnd charge
carrier ‘reconbi nation on Vv Vv
. t

t

Again p(0) is an increase function of thickness ratio between Cuy,Sy layer and polymer layer.

25 : ‘Regarding the above discussion, it is important to note that the flux measured is determined by charge
carrier drift when limiting flux is in the polymer. Under constant electric field assumption, the function to
describe the charge carrier concentration is p(x). p; = p(0) is met when the polymer determines limiting flux
since the lowest concentration in the cell is at the interface. This condition results in a constant p(x). This
means the diffusion contribution to the flux in Eq. 5 is zero. Under step potential assumption, another function

30 is employed to describe the charge carrier concentration p(x). The initial charge carrier concentration p(0) has a
relatively substantially smaller value than other regions. Therefore, J is still determined by p(0). Another point
that is noted regards boundary conditions. Unlike semiconductors, it is just applicable to the concentration at
interface, not everywhere. This boundary condition limits the total amount of the charge carrier produced in the
cell.

35 The equations supra (Egs. 1-7) and the Figs. 27-30 describe and model behavior of polymer memory
cells. This model can be employed to explain measured data and can be for other materials aside from Cu,.S,.

Additionally, the model can be used to think about how to improve retention and response time and to design
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the interface. 15 WO 2004/ 053930 PCT/ US2003/ 028023 Fick's Law can descri be
the first process, charge carrier diffusion toward the Cu2_"Sy |ayer. The .
charge carrier reconbination can be described as fol:lows: Cu(l)S +

Pol yner +- + Polyner (7) 5 The retention tine | he 1]
required t‘g rg(é{)(l}s%g?? bute -the charge carrier to the ori gf’ﬁﬁ"sé‘{"é/f’@ Bt s
likely that the reaction rate is relatively faster than diffusion rate.
Ther ef or & otherdeyiges aph 3sransisiopse Ferther, themadehen bermipllddyo desigorevaribus efhsllmyd Woleges

di f f usi Oﬂxaﬁé@ﬁﬂﬁ&w@ﬂl&%ls é\n, s@%ﬁ@l x@id)ﬁoﬁgﬁgmﬁylevcéﬁlall)d e¥a§e t‘ﬁQ&ﬁhlgﬁ‘;x %?ﬁnﬁl nwth
respect to di scussed supra and | ust r in Fi gs.

u ons 1-9
25-32. TR&PCEY %lé & (iperi”éonﬁ?fﬁvsf’it‘age‘?r@@%nfnﬁgﬁ%i‘f"aﬁﬁ’@é?a%mg ntri nS| c vol tage
Vb=0. 02V, eq L\Nhlall Hos iegrndessoibgitabave adKene, or mare dspuclshf thepraeﬁmvéxafoh omlsoffcé&ta Sy and

Polsyer b1 o&fed
t hi cknes g&stsjl = B C%%V&??Jnyemﬁl Q)mﬁmg %%COF@ ne%?‘noé 5 sem%‘% = gﬁa P Wﬁmﬁ% urn .
Six typfieaeseptiasationd t%&?ﬁ%ﬂl‘&fyé@“t“bﬂ‘? 3} Wil reeeepiae bt aany furtler canpbimntioni wd of an -

or gani ¢ pesuitoncCekie ptc&nﬁﬁ&&[dﬂaﬂ(pessﬂel M caidingBSBEFtse@invidiEn RifS8AL dupignt | on.

15 Fi h dj stri but 2502 of th
exen;)?ar gﬁsuﬁﬁﬂe&&o%s,ﬁo%caﬁons ar&a?;olbs tﬁ‘agﬁaﬁef@?%%pgﬁ pnd seane hfetgﬁyge%@flagﬁon €

organic B‘B‘Fts?ﬁse’fhﬂ? maékcﬁlacf@tmwfavmp@ammw haiet Haengifsclasd @l regpkcttdr@ly ondlafedvirmion.
The char g@l&ﬁﬁtﬁﬁcﬁf sue P66 Haﬁfaé c@ﬂblgé%thloﬁe% ot nlgt\%th eaﬁ@és %gtﬁg%tgggﬁ ?e%%htglgns as

functlonngf (f tan Gy gt%ﬁ m the interface. BASSUMES an
ext er nal "VoT R 9 2dgntagseps for anyeivep pr pyrticulzy aPP‘I“H’@O"c Ilf En"é"a fortheesictent that the
concent r &tm cmphzi&i) & vl idetherytedietaiteld dészhiption 4nd the Blaivis, tsich &r@ @NHb@IBd to bé RLithive in
aSSUWptIQﬁmmﬁqmﬁmp%ﬁwkgﬁu&ﬁbﬁ£§ﬂ6hOMﬂ are 20 independent of the constant
field assunption. Turning now to Fig. 26, another graph 2600 |IIustrat|ng
charge carrier distribution 2602 for the exenplary organic nmenory cell is
depicted in accordance with an aspect of the present invention. For this
graph 2600, paraneters are set as follows: forward voltage = 0. 12V and
current flux J = 0. The Cu2_icSy end has a higher voltage than the other
end (organic polynmer). This drives the charge carrier away from Cu2_,, Sy

| ayer and 25 | eads to charge carrier concentration that has an increase
function of x. Even at |owest concentration p(0), it is not a small value
for this case (e.g., its value is 3.32x1019/cnB for the case shown in Fig.
26). This explains why the polynmer is a good conductor when forward
voltage is applied. Again, it is Eq. 6 with constant electric field nodel
used for the plot. The points denonstrated are independent of constant
electric field assunption. Fig. 27 depicts yet another graph 2700 of charge -
carrier distribution 2702 of the exenplary nenory 30 cell as a function of
di stance fromthe Cu2_,Sy and organic polyner interface in accordance with
an aspect of the invention. For this graph, the paraneters are set such
that the reverse voltage = 0.28V and the current J’= 0. Wth reversed
voltage, the charge carrier is concentrated at the Cue-,, Sy pol ymer
interface and drops quickly to small concentration when it is away from
the interface,. which describes why the nenory cell becomes non- conductive
when hi gh reversed voltage applied. Again, Eq. 6 with constant electric
field nodel is assuned for 3.5 the plot. The points denonstrated are

i ndependent of this assunption.
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Referring now to Fig. 28, another graph 2800 that depicts charge carrier
distribution 2802 of the exenplary nenory cell as a function of distance
in accordance with an aspect of the present invention is provided. For
this graph 2800, paraneters are set as follows: forward voltage = 0.52V and
current flﬂg d> O (pr = 1018/cm. Wen current flux J> 0, the charge
carrier i an increase function of x because the forward 40 voltage
drives the charge carrier away fromCu2 ,Sy interface. One inportant point
is that the |owest concentration p(x) is at interface. 16 WO 2004/ 053930
PCT/ US2003/. 0280&8 organig. m@Bonyelovice scopmprisangot her graph 2900 of charge carri er
concentration at.interface 290 e exenpl ary m)r cell as function of
forward vol tagé‘ﬁfsp%‘rdu‘ftl‘r‘feslawgb(ﬁllééséh%é?‘é’ﬁ%i‘se?'%‘ élé%l”éhch that J > 0
(pj =1018/cnB) aptbrasf Ps! nfér Fa?@ﬁ(ﬁ@@@l@é A%7) 2%82 b@ér%ﬁ?rﬂ@ilrecftzgﬁtﬁct g
assunes the electric field in"the cell 1s “conStant erefore e voltage
V(x) is ddeastpaedf the faStIqonémtlvr‘:llayct(m 108)i s nodel is applicable when the 5
di ffusion constang f it I and t.here constant electric
resi st ance. Wﬁ?et%C%é’dﬁgaggfanggﬁ%’hz%%gﬂiéé’rvf‘liaé\dlﬁf}}{ﬁ"éﬁf’?tﬁfti%ﬁ‘é’te interface
is derlvecbrgauépaghrepmy@xf(memﬂ&mn2168§ noted that po(V) tends to be
constant after forward voltage is e enough and the current is

control | ed by twcemrbrcgréu@taferlamr (%21;4%@21@9) tha}masaﬁaazrordlhm interface. As

such, p(O 2 faaer]o + j (Keq
[Pol yi ner }E@Q%@Qliﬁ%k%ﬁgn%ﬁlect%o &izpmgr él?ctr %);D %aﬁuﬁl s Eq. 10 shows
that limting pd}lecicanaterial (ERSES, umarzlcm) ﬁfrrduhdﬁgfaﬁ@m diddct Borgdtwaen
Cu2_. Sy Iayie and pol yner |ayer il lustrates another %r aph 3000

that depi & <agtmpyaonaf ﬂreéargaéMﬁm'@akay@rrﬂéé 210821322468 hand theelecede ¢ he
| | f h
exenpl ar y 1RARI0, $£172133 218@?% 125t Qb mE OF ;cgel&g%{:ﬂ’%ﬁ MParapﬁ‘aﬁtg;gtﬂ‘ée with an

aspect of présent” 1nventron I'S provi p(O) is a
function cst:ccindrcmddctmllamhas men rappliedlanddicted, evelying of theysedondreohdgive 0, and
a step potenti.al. nct i nodel hi s npdel assynmes the voltage V(x)
function cl%rﬁc%mh@gﬂg Fq;gghgnggpngogil;glgrg%{qe@ﬁry &Cpdel is applicabl e when
the diffusion constant of the polyner is very large. Therefore, the

el ectric resistance in the cell is trivial. Wth this nodel, the charge
carri er cchcentTht érganiamemure dédceof daindbrthe exgank pohendrdayeti on of vol t age.

vol tage 1 11 baTG2 DA Bavins, ) iPieibeeBotade b sriceebirdpiipsiottont r of <

t he curr erdf af ldast twoltkftesval ue is a function of 20 voltage. This zero limt
behavior is due to the interface boundary Iimt set by the reaction (1).
Basically, the fast charge carrier transportation fromthe interface to

the oth d | th t |
Fow 1t ton Ser TS0t ORaBRE et 4t G peropruprsthe s ddfdwlivler o
(Ke9[ Pol yrfailitating Vayeo) 1 12,21 36) ¢ theVfidst échbluctive 1bprR104, 1089( add béd} theP(O) s

an increase functjon of thi ckness ratio between Cu2 " Sy layer and pol yner
| ayer. 25 quagte arhigper yen(ddo2108.3E3%53168), whereinghe eqrduetavity faeilitasing layeat t he

flux measypg Qelht?véif SEbITSHES R SRA 88 relatively stable states of the organic polymer

layer.

4. The organic memory device of claim 3, the conductivity facilitating layer
(112,2136) comprising at least one of copper sulfide (Cu,«Sy, CuS), copper oxide (CuO,
Cu,0), manganese oxide (MnO,), titanium dioxide (TiO,), indium oxide (130), silver
sulfide (Ag2xS2, AgS), silver-copper-sulfide complex (AgyCuzxS,), gold sulfide (Au,S,
AuS), cerium sulfate (Ce(SO4),), ammonium persulfate (NH4);S,03), iron oxide
(Fe30y), lithium complexes (LixTiS,, LixTiSe,, Li,NbSe;, Li,NbsSe3), and Palladium
hydride (HyPd), where x and y are selected to produce desired properties.
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carrier drift when limting flux is in the polynmer. Under constant electric
field assunption, the function to describe the charge carrier
concentration is p(x). pj = p(O is nmet when the pol yner determ nes
limting flux since the |owest concentration in the cell is at the
interface. This condition results in a constant p(x). This neans the
diffusion contribution to the flux in Eq. 5 is zero. Under step potenti al
assunpti oy, an ; i ! i charge carrier
concentra?i on q?%%?gg'lljgﬁlireni ﬁ%l%i%ﬁg%%%%@gﬁg%ﬂ#ggn p(O has a
rel ativel >(1136J2)§1 32216§) baieg & eonjugdtertbonghnie nuetéréal. r egi ons. Therefore, J is
still determ ned by p(0). Another point that is noted regards boundary
conditions. Unlike sem conductors, it is just applicable to the
concentratg, on dthe dri¥rie dfiRry BMicCHRIAWE Re firshbshdaeiRdayer (Fodighi on linits
the total anount of the charge carrier produced in the Tell. 35 The
equat i ons CoupFising @k leastiong)of gepper.adurpingm, chrongomd geroaintven, gald, magedsivmshavi or
of pol yner NOLY - Thi l.. can,bhe enmployed t.0 expl ai.n neasured
rufFRARY ipGii romn e Rot Bt iR D R G SBe BB LR 201, e

data and can

nodel can theess Bdivre-tinhixide, pbIgsilicho\do édiuﬂ@n/‘pﬁd@s §iBédN iR sidbided, eSPONse tinme
and to design 17 WO 2004/ 053930 PCT/ US2003/028023 the other devices such
as transi dlastelloy®yKora®, Invas, Menel®, ingengl®,. brass.ainlesspiesbond mpenesiinbys

t hr eshol dsﬂ%rta{ﬂggs that set conductivity levels (e.g., set states), read
conductivity l'evels and erase the conductivity levels thus performng
menory devi ce operations of witing or progranm ng, reading and erasing.

What has en d@scri bed above  are otn .or_npre, as&ects of the present
i nvention.” It ikhe gganigmemeory deiceso ¢§§§1 Ithe diglegiicapateraal §134: 152%%ddei vabl e
conbi nat i ; [ f Qf; : . SGE 1D t he
resent | muodt IonuRg NSt e JTRHIGBAI RN icl HORRETSIEL) RERGERINAD | 12,
many f urt K8Neo (8iN) asilicmsoxynitridp €SOV 91 flaornatdd silivenpixédegSI0Fpyent i on are
possi bl e. Accqrdi ngl t he.present invention is_intended to enbrace all
Such al t eRIeHIEn ARPRPVES e ety eaie TR FHRRphosieRt &lone spirit
and scope (pgg§a§dg&g§mgoﬁﬁgt@%1asslqus dition, while a particular feature
of the invention may have been disclosed with respect to only one of
several 10 inplenmentations, such feature may be conbined with one or nore
ot her features Qf the.other inpl.ementati as .may. be desired and
advant ageogul]s folﬁleé’ﬁ%mdf TS5y Hg‘gﬁnﬁ?fg‘ﬂﬁlg’r ﬁgﬁ%?’ig?élf i }{meﬁiqyteﬁéef% F‘?r‘-.l?“?q) t he
ext ent t hator ki grb mﬁapmhgtqﬁﬁy'acétglegs,?sél%ﬁheﬁmwl_eﬁéj991}@@51&3&9%%@@&_5i ption
0

and the clains, such termis intende e inclusive'in a manner siml ar

to the temelyasdiss pelyayphenynevmyigse), polythiophenapaly prsplyirins ceovphysinic

conpri si ng; ISt i 4 8) . .that ser as a bitline
(105, 132) -asfocyelsl RSTUEHEMAAE pLBGIop s poR el Sns iR rBRering ' i v ect
cont act wigolyphthaldcgasines) polyvirfyldnes, golypsirotes/isilgdiphichyl-R¥§Tent 44, 108); an
el ectrode | ayer (120, 2112,2128,2164) over and 1n direct contact with the
organi ¢ pdi Folessyer (116, 2108, 2132, 2168): a second conductive | ayer
(136, 2148, 2160) that serves as a wordline (148,204,2148) over and in
direct contact with the electrode | ayer; and

9. The organic memory device of claim 1, the organic layer formed via a chemical

[tie

vapor deposition process.

10.  The organic memory device of claim 1, the organic layer formed via a gas phase

reaction process.

11.  The organic memory device of claim 1, the organic layer formed via a spin

coating process.
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a dielectric material (134, 152,2144,2172) surrounding and in direct contact
wth at |east a portion of the organic polyner |ayer (116,2108, 2132, 2168)
and the el ectrode |ayer (120,2112,2128,2164), at |east sone of the
dielectric material applied after the second conductive |ayer has been
appl i ed am}eet ed, etching of the ?c,ond conductjve |ayer facilitating
sel f - al i gnrfent G MeEIrE d??é?ﬁ)?ﬂsﬁ ey ] .dhe elgctrods daysr samprsipgaidedst devi ce
of claim ' WAL : 32 : "6.|1ﬂ9

i rrpedancejotnﬁtg? g%lgﬁg%gb gaerlngb:,tl veugeg@g%?%ﬁlggt@é\%é%%@g@ ﬁleas t\t/fo?d}
states. 3.(TMe organic menory device of claim1, further conprising a
conductivity facilitating layer (112,2136) over the first conductive |ayer
(104, 108) and bel ow the organic polymer |ayer (116,2108, 2132, 2168),

wherei n the, Conﬂiécdr%a\&ﬁé Ynehify Elé{ri@é biQaib?Y Qhe %&aﬁcggl_ drifley nafifphe states

that match the relatively stable states of the or ic polyner ~layer. 4.
The or ganitBickeass pf/alpay 091 ¢fm of mora B1d aboet Tpmdudessvity facilitating | ayer
(112, 2136) conprising at |east one of copper sulfide (Cu2_.Sy, CuS), copper
oxi de (CuO Cu20, manganese oxide (M02), titaniumdioxide (TiQ), indium
oxi de (1304, sA negiiod B kdr g,oafys 1056 racopper-sul fide conpl ex
(AgyCu2_XS2). gold sulfide (gguézfsﬁ,% Au%ll,égggzilgﬁdgyl P e 504) 2)

anmoni um per sulapplyéng ENprgpRiISPOR)Merilaysn (1066,2168,2( B2, 2068), 0vki aridi indiredtnpl exes

Li XTi S2, Li XTi i .XNb i XN | | adj. h i HXPd) ,
\(/\/nler eI X anc(lghg/élg‘r%gg% gfr Itcctoggg‘ieﬁc‘)’ebéyﬁﬂ E@gﬁ%yﬁggr{?@{‘{@?ﬂ%@%96‘8?&1e or )gani c
menory dewesgngis a:biaiﬁg(log,ugg);or gani ¢ polynmer |layer (116,2108,2132,2168)

bei ng a conjugated organic naterial. 6. The organi c nenory device of claim
1, the first cdpalying eeleeiyede layey412052h12,2d38:31 64)iavgr and £t eontactbwithopper ,

al um num %15%31'” um gol d, magnesium manganese, indium iron,
ni ckel, palla u{r(gpogﬁg{ri rrﬁ silver, titanium zinc, alloys thereof,

i ndi umtin oxi deplyied ¥ sédond condudtpehyanBe,10482 5i0) ioverthe BRE@OIeURE), des,
Hastel | oy(r), ,Kovar(rz, [nvar,, Monel (r), Lnconel (r), brass, stainless steel
and nmagne<r&anic pelymer (L6) 69‘? first conuictyyd Q5L laperseng sehstpiee of claim 1, the

oxi e (510 s o, iy Eochcoradye 194 (g N8 T Brm B RgT ST =11 O
Si : [ giori gﬁﬁa&ﬂ%,ﬂﬂ&)ﬁhdbﬁ_}r:ﬂiw) ,etnchirtggttt ileagi{aﬁpbrﬁbrh bﬁ’fhﬁ_oggﬂnﬁéﬁpc%l_%h@iﬁyér,
Phovphosi 11 LA I0F LTI 6Bband Reispte el Rber i LliiE) Gehaadbbscy . 5. The

organi c mMenory #H8Kiigea eldchid ﬂhtl:rialt(h94,‘?5'9,9944%2PQZYJTEBI&@%FEO%hW sel ect ed
ol'yphény

fromthe group conprising: polyacetylene, acet yl ene,
pol ydi phersyganiepglymee(116p01082182.2168) apd ithepel pitendy layee (MA0531112/2828,2164), at

pol ythiop rlga?s? sorhe on e rd?qucrt}ig Riatdial Pl@i,r 1'59,'2? 44,2172) applied after the second

conductive layer (136,2148,2160) has been applied and etched, etching of the second

conductive layer (136,2148,2160) facilitating self-alignment of the organic memory

device.

15.  The method of claim 14, the organic polymer layer (116,2108,2132,2168) having

an impedance that can be selectively programmed to one of at least two states.

16.  The method of claim 14 further comprising:
forming a conductivity facilitating layer (112,2136) operable to donate and
accept charges over the first conductive layer (104,108).

17.  The method of claim 15, wherein the conductivity facilitating layer has relatively
21



macrocycl es, thiol derivatized pol yporphyrins, polynetall ocenes,

pol yferrocenes, pol ypht hal ocyani nes, pol yvi nyl enes, pol ypyrroles,

pol ydi phenyl acetyl ene and polystiroles. 9. The organic nenory devi ce of
claiml, the organic layer forned via a chenical vapor deposition process.
10. The or device of claim1l, the organjc Iayer formed via a
gas phase$ tF%ﬁl?atd%ﬁtEEé@ rehailve}yﬁéab(]ﬁ Halss ef the REgapichalyaer laterc| ai m 1, t he
organic layer formed via a spin coating process. 20 12. The organi c nenory
device of claiml, the electrode |ayer conprising at |east one of

anor phous 18ar bdrhe metheddfiniaint bivdienein lﬂietefléam)d(e Tagzbi) (12020 &22 28, mﬁzl)t i tani um

nitride Ti N).. The organi rrem)ry de | a ani c
pol yrer | gﬁgﬁg%ﬁ%f\ﬁﬁi?sﬁonet(ﬁ S GRrbY ‘*??H“B W%‘Fé%gﬁ}i 5 m or
| ess. 14. afdwRdndngs nitBle hq ing a rrem)ry cel I (156, 210) conprising: applying

an organi c polynmer |ayer (116, 2108,2132,2168) over and in direct contact
with a first conductive |ayer (104,108), the first conductive |ayer

(120, 2115 15, Bhdndiedet i F ohcipRen? il B e 0 Ra T o B T e
layer; appeitid f@nﬁﬂfé%ﬂ@hpc&mbiﬁiﬂgv oi{ﬁd&ileﬁé?@ly%ﬁé@k?&@@éneover t he

el ectrode (120), organic poly irst conductive (105) Il ayers

and subst rp&!@ml@nﬁhpmleﬂmog@adm, mimﬁmhemvbn«: awlene)lsolevtmmnzleo) to form

a wordlin her gast 2 ortion of the

or gan ¢ paripEip S sobitisfDaerbids! ofbE IR paSBPlenfrBEe | oyer

(120, 2112 polifctalldadnes, pﬂﬁfe@t@ﬂér}ﬁsj’@lﬁpﬁhﬂbéfh&ﬂﬂe@ poBtverylédes, polypyrroles,

(134, 152, 2144, 2172) to isolate the portion of organic polymner

(116, 2108, Polyshirhengiretyicne REpelyEplebde | ayer (120,2112, 2128, 2164), at

| east some of the dielectric material (134, 152,2144,2172) applied after the
second conductive |ayer (136,2148,2160) has been applied and etched,

et chi ng of20t he Beanettod ofeldinc 14, wehdreiy ehie griafic ZiéBisTamMdd ¥iaaichémital ng

sel f-alignnent of the organic nmenory device. 15. The nethod of claim 14,

t he organﬁ@pﬁ%¢§ﬁﬁpo?8§§ % 116, 2108, 2132, 2168) having an i npedance t hat
can be selectively programmed to one of at |east two states. 16. The net hod
of claim 14 further conprising: formng a conductivity facilitating |ayer
(112, 2136)21loperHisimethed dibelaine 1 4rwherein dkxporgetialayesisdommed vie afgas phaseonduct i ve

| ayer (104éac%o}1 process.

22.  The method of claim 14, wherein the organic layer is formed via a spin coating

Pprocess.

23.  The method of claim 14, wherein the organic polymer layer has a thickness of

about 0.001 um or more and about 5 pm or less.

24.  The method of claim 14, wherein the first conductive layer comprises at least one
of copper, aluminum, chromium, germanium, gold, magnesium, manganese, indium,
iron, nickel, palladium, platinum, silver, titanium, zinc, alloys thereof, indium-tin oxide,
polysilicon, doped amorphous silicon, metal silicides, Hastelloy®, Kovar®, Invar,

Monel®, Inconel®, brass, stainless steel and magnesium-silver alloy.

25.  The method of claim 14, wherein the dielectric material comprises at least one of
silicon oxide (SiO), silicon dioxide (Si0y), silicon nitride (Si3Nj), (SiN), silicon
22



17. The method of claim 15, wherein the conductivity facilitating |ayer has
relatively 21 stable states that nmatch the relatively stable states of the
organi ¢ polyner layer. 18. The method of claim 14, wherein the el ectrode

| ayer (120, 2112,2128,2164) conprises at |east one of anorphous carbon,
tantalum tantalu tride (TaN),..titan] um dtitagniumnitride (TiN). 19
The met hoc?xxwttféc*ea&ﬁf%\if)» f?‘i?él("érey)émcenﬁé} r(§%0x|%§ye9lyE@lm amggphoyssilioars g)
bei ng seliggdettfio i LRENE PERH s
pol yphenyl acet |gﬁg§h&%§F9%?gﬁgﬁ§#§g§§§ g%gggéolygﬁykﬁﬁﬁPo%%?§?%ﬁ%henylene
vinerne)iﬂ%@(éPﬁGbphene, pol ypor phyrins, porphyrinic macrocycles, thiol
derivatized pol yporphyrins, polynetall ocenes, polyferrocenes,

pol ypht hal ocyani nes, pol yvi nyl enes, pol ypyrroles, polydi phenyl acetyl ene
and polystiroles. 20. The nethod of claim 14, wherein the organic |ayer is
formed via a chem cal vapor deposition process. 21. The nethod of claim
14, wherein the organic layer is forned via a gas phase reaction process.
22. The nmethod of claim 14, wherein the organic layer is forned via a spin
coating process. 23. The nethod of claim 14, wherein the organic polyner

| ayer has a thickness of about 0.001 mor nore and about 5 mor |ess. 24.
The nmet hod of claim 14, wherein the first conductive |ayer conprises at

| east one of copper, alum num chrom um germanium gold, nagnesium
manganese, indium iron, nickel, palladium platinum silver, titanium
zinc, alloys thereof, indiumtin oxide, polysilicon, doped anorphous
silicon, netal silicides, Hastelloy(r), Kovar(r), Invar, Monel(r),

I nconel (r), brass, stainless steel and nagnesiumsilver alloy. 25. The

met hod of claim 14, wherein the dielectric material conprises at |east one
of silicon oxide (SO, silicon dioxide (SiQ), silicon nitride (Si3MN),
(SIN, silicon 22 oxynitride (Si OXNy), fluorinated silicon oxide (Si OXFy),
pol ysilicon, anorphous silicon, tetraethyorthosilicate (TEQS)
phosphosilicate glass (PSG and borophosphosilicate glass (BPSG. 23
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