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MEMORY DEVI CE AND METHODS OF USI NG AND MAKI NG THE
DEVI CE TECHNI CALFI ELD The present invention generally

w0 edoae®14 o nenory devi ces and net hods of maki PQI/ERIN04/015945
using the menory devices. In particular, the present
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control | ably conductive layer(
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o t.ran stors and other electronic
eﬂe&? anmet ?@gﬁ%ﬁtlsooma[he 08} WO&j} S¥4np- si zed pi ece of

sil M@b At therpregeess lagf@klsa cam'putm 2 hepirp devices faster | singlisnandaljeaper involves
1nteg@z@161‘i 8duBezin@ Ber RAbre miﬂsﬂstblg Bl o@fer Jlerc@ﬂlﬁ:' @ik & ontf @ﬁ&tage—stamp sized piece of
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ok b e BB PSS LB BV S e L PSR st s
smalf yndantendred napimesrsciBdwesir zdicon-triet] Sevicksroe aqpanonching tikir findamental physical
size Bhat € devices are generally encunbered with a conpl ex

architecture which leads to high cost and a | oss of
dat'BrEREFAY &2 rar A eontrlly ERCHRRITL Ph & FOmpl atchifeghure which leads to high
cost siein]@oordlang stomgerienny. | TS cilzais¢ of vontilk Rafic@adutter memories based on inorganic

senﬁ\?\ﬁ&?ﬁg& P;g&ﬁﬁ Rt &B&zﬁlﬁ%@é SW‘?&WI& anc%]'l G}.Il‘(l.n}/w% ar sHlpggl heﬁlél g and high electric

ectric curre resu
PowgicelfurgRtiar in ofdgr tp Biatpin slerd infepation Non-vele @%emtcendnmrﬁﬁ\aqeﬁhave a reduced
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\i\?oreov T as 1nor ic ohc? state& v1ce 51zes eerea%et an nt onqn ase en itivity to
consunpti o fn ’a degree Gf ¢ %5 g

aligr@r@ntitqmwg% nncceasgbml@gsfftba@aemdwkeéle n@reziéécuaeb“qrea@e o%fmlres at small
minibn(rh §i6Ks Abds Q8 ithf1¢ QARSI nimSE B chd Bl ubd f8r@abrication of working circuits. It is
necessary to have alignment tolerances which are much smaller than the small minimum size, for example, one
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 of the semiconductor.
If the depletion region spreads to contact another depletion region, punch-thréugh or uncontrolled current flow,
may occur.

Higher doping levels tend to minimize the separations required to prevent punch-through. However, if

the voltage change per unit distance is large, further difficulties are created in that a large voltage change per unit
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al i gnment tol erances increases making fabrication
mar kedly nore difficult. Formation of features at

W@ a1 mum si zes does not inply that the nPCI/mBIv04/015945
size can be used for fabrication of working circuits.
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of memory ce s in accordance with one aspect of the invention.

m_

cont

Figure 2 illustrates a perspective view of a three dimensional microelectronic device containing a
plurality of memory cells in accordance with another aspect of the invention.
DISCLOSURE OF INVENTION
The present invention involves memory cells made of two electrodes with a controllably conductive
media between the two electrodes. The controllably conductive media contains a low conductive layer and
passive layer. This media can be organic, inorganic, or organic mixed with inorganic material(s). The memory
cells may optionally contain additional layers, such as additional electr(;des, charge retention layers, and/or
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prelude to the nore detail ed description that is

presented |l ater. The present invention provides new
_Woreesnylogdevi ces that possess one or nore of thBCT/US2004/015945

follow ng: small size conpared to conventional nenory
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two dlh"cﬁwesnm saﬁ&ﬁillc}f tRy doh}rolllibl}dﬁﬁcﬂttive fedid. dhéleléctrbddSiré Alide \SEconductive material,

t.s _and lans of . the inventi
such gsr on uct iye mettal conRucﬁve me; a?tlloysbcfoncg ct%ve metfa ox1dcsf ¢Q E uctive é)ol?/mer films,

Senuwa%tl‘{emamiﬂﬁzhndtthﬁélkpr| nci pl es of the invention may be
e W@mﬁﬁed of idchAReEs 1&@dd$ Gﬁe%r &8 YN AGE:S chadhburh) @yp%lar BRI MMES1d,

of. the invention wl arent fromt
o GGG AT St HEb T AR T Joe B gl thereo
indivgetirokide (1EQ); palysidioew dopetamorphas sikicoh;mestadisilipivien gl theBRp.EMlloy electrodes
spec@g%heg}%el%@ ’\mr,’l_wch@eInéenéI@lHﬂﬁ; Et@l‘hl@é st@el, magnesium-silver

perspective view of a two di mensional microelectronic
auoyd”é’@l"aé’@“sc"gﬁfaélio}‘fr ng a plurality of nenory cells in
ac ¢oénd alﬂlﬁﬁln\bhtt fhe mmaleas»p@eﬁ elddfrode nendlem@nmy abbut 061 Qhiloeméke and about

t
10 M%Olélllé% e{n 409 I}e{) lpgla'lg ’I e tinv & VI eﬁch I’? ectrodc 15 lgei ‘ﬁenc{errl‘{% a?ou?(p (?4 \m or more

and amms)my odesk.| Ig ydt mno&emtb@tamme thmmchneam tdqleaslecasqamndentﬁlddnﬂueabout 0.1 um
or more an%n%oupp o DISCLOSURE O | NVENTI ON The present
VeRtion T Avolves menory cells nade of two el ectrodes
WI tThe epnizqdigbly Qqnqhgb\[eyneé@rq]@gf@fq bgfaveen the two electrodes, can be rendered conductive,

semiconductive, or nonconductive in a controllable manner using an external stimuli. Generally, in the absence of
an external stimuli, the controllably conductive media is nonconductive or has a high impedance. Further, in some
embodiments, multiple degrees of conductivity/resistivity may be established for the controllably conductive
media in a controllable manner. For example, the multiple degrees of conductivity/resistivity for the controllably
conductive media may include a nonconductive state, a highly conductive state, and a semiconductive state.

The controllably conductive media can be rendered conductive, non-conductive or any state
therebetween (degree of conductivity) in a controllable manner by an external stimulus (external meaning
originating from outside the controllably conductive media). For example, under an external electric field,
radiation, and the like, a given nonconductive controllably conductive media is converted to a conductive

controllably conductive media.
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medi a between the two el ectrodes. The controllably
conductive nedia contains a | ow conductive | ayer and

Weawsiywi4d ayer. This nedia can be organic, i noPQHOBINN4/015945
or organic mxed with inorganic material (s). The
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APt o o1 oo
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for brévity. The nenory cells contain at |east two

ol dbt e et SiteGPn e ontEE] e oy L ralvEpgedore of
conjigetdve giic pbl@mdr\aend’ ieipthwisd @S wieh &k els@iodhax getierdllp ubstantially perpendicular to
\';

the 1&1?p£a’solg%4uf§%}e%oef ﬁlrgraglg%ﬂ%?ég)l %‘h%gjlugagzg I%%lﬁ@l@?’?{e{/ rggfié 1ifkhor Bﬁgc%ed so long
as tthﬁbrpqal\l)@tsngptecg}afugy gon_] HEARHRYSICS re g asierizs s 1n(5l@t5they have overlapping
p orb&alf) C@Uﬁﬁxgdlﬁ pﬂ?ﬂnéﬂi’fﬁé aldol chd¥terife@ M tR4D fhé}l.hﬁztyl a&’ﬁmﬂﬁlo@f &k Sesonant structures.
The crgf)%]u%attela fnaturF aﬁ]hencarﬂ]ugng% or%an?c& mymgr cgr{trq)u?es to ethe rcT:%nltl ﬁabglncgnoﬁcgi’ve properties of
the corrgrdlyiconvpctivemefémese, | ndi um | r on n| ckel, palladium

pl am t'hﬁ WBnectib, Y8 fow chiduding My& ok dAfsic seﬁﬁl@neﬁl:tbquy‘ér gda@ise&fconjugated
orgalg? 1?°13’88h %as%t g:hty é({'éog%t%%\g a&)%ﬁt] éd/w{gﬁse %Ie?eﬁaély t o'r%vc senﬁ)conc{illctor or an

atomghogatyt in thel e(gylgep epiafleastawed lylatlwbll stable oWgQr@takegyﬂp )wo relatively stable oxidation

statemﬁﬁf thd arganic @éﬁﬂéonddmpt% |d&1{ai)e and a@&:@tﬂ:ﬁirée@ dnd eQEtﬁecaﬁy interact with the

staln S. st eel ne
conduct1v1ty ac?hstatmg compound n%% ablﬁty o‘Enﬁe orgamc semlconductor layer to donate and accept charges

and electrically interact with the passive layer also depends on the identity of the conductivity facilitating
compound. The injected charges from the passive layer can be trapped in the organic semiconductor layer and the
interface adjacent to the passive layer. This changes the conductivity of the low conductive layer and results in
memory effect.

The organic polymers (or the organic monomers constituting the organic polymers) may be cyclic or
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all oy, and various other alloys. In one enbodi nent,

the thickness of each electrode is independently about
WO20%0RmHoOr nore and about 10 mm or | ess. | n aPOL/g2004/015945

enbodi nent, the thickness of each electrode is
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polyfydieige @eal obmdasclandttieviké y) in a control | abl e manner by
an C‘ﬁéﬁl@arl QﬁlLtux%g (ﬁ%lm Rs &?&fﬁga%gwts/% QE ﬁl& Irglké nl‘g) Aﬁ]aact)ﬁﬂ;%ted organic
from outsid ntro con uc Ive
polyBsrs g |°@Jugef?ﬁo%$amawtaélw@1mw m@vc’é Qe gopiopfogmulied Foa(?qIBn
and the like, a given nonconductive controllably
conductive nedia is converted to a conductive
control | ably conductive nedi a. The control |l ably
conductive nedia contains one or nore | ow conductive
| ayers and one or nore passive |layers. |In one
enbodi ment, the controll ably conductive nedi a contains
at | east one organic sem conductor |ayer that is
adj acent a passive |ayer (w thout any internediary
| ayers between the organic sem conductor |ayer and
passive layer). In another enbodi nent, the
control | ably conductive nedia contains at |east one
i norgani c | ow conductive |ayer that is adjacent a
passive |layer (without any internediary |ayers between
the inorganic |ayer and passive layer). In yet another
enbodi nent, the controll ably conductive nedi a contains
a mxture of organic and inorganic materials as the
| ow conductive layer that is adjacent a passive |ayer
(wthout any internediary |ayers between the | ow
conductive | ayer and passive layer). The organic
sem conduct or | ayer contains at | east one of an
organi ¢ polyner (such as a conjugated organic
pol ynmer), an organonetallic conpound (such as a
conj ugat ed organonetal i c conpound), an
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organonetal I ic polynmer (such as a conjugated
organonetal lic polyner), a buckyball, a carbon

i ke. Organi c sem conductors thus have a carbon based
structure, often a carbon-hydrogen based structure,
which is different from conventi onal MOSFETs. The
orgapi c_sem conductor materials are typically
ed that they have overl apping p
or , dlor in that tley have at |east two stable
oxi dati on statflesn The organi ¢ sem conductor materials
are al so characterized in that they may assune two or
nore resonant structures. The overlapping p orbitals
contribute to the controll ably conductive properties
Aatro\l abl y conductive nedia. The anmount of

gr. A carbon nanotube is
typlcally a hexagonal network of carbon atons (from
about 6 to about 60 carbon d&ons, 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 he prepared by the | aser vaporization of
a carfbon a cobal t - ni ckel catal yst may

it ag 2r 3 Harbon arc thod to grow
singl e nano es A buckybal

: gally a Bu kn1nster fuIIerene a

soccer bal | -shaped 60-at om chuster of pure carbon. The
organi c polymer typically contains a conjugated
organi ¢ polymer. The _pol yner backbone of the
conj ugat ed organi c po] yner extends | engthw se between
the el ectrodess (genepgil |y substantially perpendicul ar
urfaces @qivphe el ectrodes). The
conj ugat pol yher may be linear or branched,
so | ong nmer retains its conjugated nature.
Conj ugat ed pol'ynmers are characterized in that they
have overl| apping p orbitals. Conjugated polyners are
al so characterized in that they may assune two or nore
resonant structures. e conjugated nature of the

conj organic paf yner contributes to the
corftrol I abl§ conducfve properties of the controllably

conductive pedia. In is connection, the lo

simlfar axgays o

cofPdycti ve gem conduct or , such
as the™gonj » pllity to
donate & \ br gani &

sem cdnd F Nasamaioy [ has at
| eastftwo relatively stable ®xidatio S The two

rel atifvely stabl e oxidation siates prrn1t t hepor gani c
sem conductor to donate and cept

gharges a
electrically interact with R'he conduckyvit
facilitating conpound. The ability of tHeé organic

sem conductor | ayer to donate and accept charges

Wwoamweoubes (such as a C6- C60 car bon nanot ubes) , PERUS100€015945

(V)
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and electrically interact wth the passive |ayer also
depends on the identity of the conductivity

W0 2oshi1toat i ng conpound. The injected charges fPONUSINE4/015945

passive | ayer can be trapped in the organic
sem conductor |ayer and the interface adjacent to the
This changes the conductivity of the
§~Iayer and results in nmenory effect. The
ymers (or the organi c nononmers constituting
the ord polyners) may be cyclic oracyclic. During
form deposition, the organic polyner self
assenfdl es beyween the el ectrodes. Exanples of

pol yphenyl acet yl ene;
polyd|oheny acetylene ani | i ne; pol y(p-phenyl ene
s polythlophene pol ypor phyrins; porphyrinic
' derivati zed pol yporphyri ns;
ch as pol yferrocenes,
4; pol yvinyl enes; polystiroles;
'-butyl diphem acet yl ene;
r|fluor§neth‘l di phenyl acet yl ene;
pol ybi s(trifluoromethyl)acetyl ene;
polyb|s(t but yl di phenyl) acetyl ene;
RE) i

pol ydi agety enerIypyridineaceternm

pol ynmethoxyphenyl acet yl ene; pol ynet hyl phenyl acet yl ene;
bhenyl acet yl ene;

| nyl acetyl ene; poly(trifluoronethyl)
phenyl age ene; poly(trjmethyl silyl)pheyl acetyl ene;
polydlp rryl\met hane; pol doqi unone;

' _pol ytri hydroxyi ndol e;

car boxyl ; pol yi ndogi unone;
®; pol y(p-phenyl ene sul fide);
z ene; pol yfuran; polyindole;
poly pST yphenyl ene; pol ypyri di ne;
polyblpyrldlne; pol ysexi t hi of ene;
pol y(siliconoxohem por phyrazi ne)
pol y( ger mannmoxohem por phyr azi ne)

pol y(et hyl enedi oxyt hi ophene) ; polypyridine nmet al
co ; and the |ike. Chem cal structures of
exdnpl es \of repeating units/noieties that make yp the O

cofyj ugat ed organi c pol yners and conj ugat ed O
or ganone l'ic polymers include one or nore of
Fo aé (1) to (Xi11):(Dn_10 () 15 NH (I H)
i | N\
S S N S
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20 25 (1V) n 30 35 (V) 40 RROm (VD)(1X) n 10 (X) n 15
20 (XI) 25 (XI1) 30 35 40 -L R (XII1) 45wherein each R

wo goosndependent | y hydrogen or hydrocar byl ; eacPCIMUBR04/015945

i ndependently a netal; each E is independently O N,
S, Se, Te, or CH, each L is independently a group
contai ning or continuing conjugation (unsaturation);
and each n is independently about 1 or nore and about
25,000 or less. In another enbodi ment, each nis

[ about 2 or no abqut 10, 000 or

ax)
/ N\ :} o
/ \ (XI)
S n
r (XTII)
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I ndependent|y about 20 or nore and about 5,000 or
| ess. Exanples of netals include Ag, A, Au, B, Cd,
WEseuoidqe, Ga, Hg, Ir, My, Mh, N, Pb, Pd, PeCT/BR004/015945
Sn, and Zn. Exanples of L groups include hydrocar byl
wher@h QPR ls%&ﬁ&ﬁﬂm&&%ﬂgj%éa%1 QJch Ml&u@e?&ldé&ly a Inbrail QEHR is

resonance structures, phenyl groups,;
indepspisattyiG Ny B de- gReOR (I f@?h&uwdepg@@tﬂy P &REP GRBAS O canfiguipgfignjugation
(unsakuird6iBn); 280 Yacki isiddepehdefitibael ch&r)brd’hﬁd/ £Ho@1Ee,0@ror B & fpeth entbodiment,

each §%91}d%r[flfe¥x&é§tptabﬁ.\rt 9 lelqure 48 Sboﬁtrig%b ér ﬂ-:s tﬂn yet a%ﬁtq&le%&sdinf 9{ each nis

rou a ear
indepgieslent ﬁP%‘bWé’ﬁ @0@@? PGP 005 ®h wpbhofﬁlﬁélsgwblé@f\& AbAudt Cd Co, Cu,

Fe, Gaacémtm ORNRNEL, FRIPERY, SnAsd amixmﬂes emgﬂa&pe mcladléﬁyﬁrocarbyl groups
dr ox tuen

posseési,lrg 001}/ ﬁg[@r%%l OE)t%é ab&‘{ep}étg n(%rm resontalﬁ:e str ture y F'}éh np enyi gﬁoug subst%tuted phenyl

groultstﬁeeqdmemh@neylﬂéleékﬁyl ene, pol yd| phenyl acetyl ene, and

POlay{ mmgfﬂma@ﬁsy AL &RRYe p@&@ﬂlt yaaties: Paby H&@h%wn Tme formulae. For
term "hydrocarb i ncl ﬂ1 lneﬁjlédrocarb&n as

exampla et gropp [y Eﬁr ot B9, ﬁglCtuwa Rryen tB%I/\? po&]nm gach thiophene
moietyO Ab aotherkexamplegkyd alkaxybzymoa:tmm adlr ydpkcabdtijers outs n@Pbe present on
the pﬁé;i/lyl rﬁgﬁn 5:1@ pﬂ@p%%ﬁaee&ﬁn@@dﬁﬁ&yﬁ&&ﬂ&é QEﬂJoly(p phenylenen\anylene)

drocar byl groups contain nor e car bon "at ons
conjugtipd ROLYBGSor | ess carbon atons. Substantially
hy dhaearbaifbcaBg thdilieshydrb@tbpsaswhil sshutcaittaby iydletten gatpeniydrocarbyl

group% légnga f M’%I‘el car%gn e@o% a%ﬁ ?Ecﬁlﬁg royko%pleg%arg tatoﬂ'lst fala nc;tlnfembadlment

om nant gani
hydrqwbﬂ etounsm@ere? @ Were aqsbqn plegps 3l aoRg0 errlgsawrt@n gf@msx Rpstaptiglly hydrocarbon
descriitRd Fhuds cv‘maj ddgah Eééer&]goﬁnluslcmsuﬂhaus oEXIRALRS Wﬁlf:h oyt Me@kdpyddominantly -
0l lO

orgarg u%gr?c%c{r op tﬁet pso y?nert Qned do n(ft mlclﬁ%:detqge abﬁ é)of l&lg oréiarkc )ﬂogrmer to form a conjugated
Strucatek Elwdp)es Ofélb'q1re<wblyl| ga:ou?f’en@lde the %P\Uag k y |, cycl oal kenyl)
St |t lﬂﬁﬁ‘&c&i};ox?@l%éht%mnﬁh%n Mlphe{u@ fe%n'aﬁd'l%f alkeﬁ’}ll);: :ﬂiﬂﬁt‘il& @'g éydﬂalkyl cyclo-
cli1c-s ituted aro 1 C uent.s and
s Pé’g’gtﬁ‘?“ﬁéf PR LR L VR ARRE P Rgens o e
like 4s svelt srrpdlie bubstittehis whegdin thevirtzhissrompleted thipnghahotlienportirmloédeinelecule (that is,

for eygat'ngfétanir &vo utd%'éte@gﬁm&ﬁs m@WgeﬁxMorfnqghlfé%h@gd§M stituents
ogether rorman alrcyclic radical);

2
Suldt i ¢ ot étd“tﬁV@l?rﬁ‘@ﬁ’P‘b%‘hS“%IB%t? ttft?éfiftl%itltU?ntSégmaﬂe%?éhydmCafbon groups
which, ihié dohtd ot this @¢Hi6H, i) RYalaydbamatb ol RuR! i subkituent; those

skllled m é(baqt wifl Qf% e O?Iucﬁ ?bl&)S g?v ﬁﬁé %)@Cwﬁlg 9h1£} !mdq}ugrg rsuéhllg%erﬂuoroalkyl

om nan st i tuent
perﬂgokqambefdar}Onthrpwenaa* @mlw Plkylmn%wéﬁalé/l éfrdr@%wrcgwwﬁ@ > Titgsgy sulfoxy, etc.);
hal® ( e%&&&it(ﬁl'l SuystiBhtQ [.6), satRGtudntsWBIch, whﬂélﬁfahlngwpredonunantly organic
oal k uor oar t.hi acyanat o

charzp tﬁ;l: WA hin t{lei ﬁgntiﬂx of th1pmvenll(lm cont}e}lln)én %{6% otXer t an carbon gre ent 10 a ru{g or chain

am no
otherwise pqyg)gsed gﬁfprp@)@omséq ».ajkoxyg agyylthxg): @pl@bk_e @mrgqmtv{ﬂ@ b_peagmagent to those of

ord1ﬂary§k11-1 in4RS bilalidd RIBS, for WKL sultth) b)ly@enhlﬂt‘,{dg&g fldbriRdé, BEAQHRE, BRIk ubstituents
%Hlf{lratedw%lnth tetcofthls

% cEnRERY O, B B i 2 car bon present

I n Imadditiprgfo oras arediemnative to the organic matenal the active low conductive layer may contain an
inorganic material. Inorganic materials include, low conductive chalcogenides and transition metal oxides. The
oxide of a transition metal, represented by the general formula MO, where M is a transition metal, and x and y are
independently from about 0.25 to about 5, usually has low conductivity. Analogous transition metal sulfides may
also be used. The transition metal in the oxide allows multi oxidation states that lead to conductivity changes
under an external field. Examples include cupper oxide (CuO, Cu;0), iron oxide (FeO, Fe;04), manganese oxide

(MnO,, Mn,O;, etc), titanium oxide (TiO,). This material can be formed by thermal evaporation, CVD, or
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ot herw se conposed of carbon atons (e.g., alkoxy,
al kylthio). Suitable heteroatons will be apparent to

Wo b@se1wi4 ordinary skill in the art and i ncl udeCT/U82004/015945
exanpl e, sul fur, oxygen, nitrogen, fluorine, chlorine,

plasx@an %ng' iﬁggtaﬁyg%&hé a%%l:ggmé‘ﬁaterﬁl g that ifIdd Am%/ hembng){ \Wth’ hi gh temperature

, I'm dazol y ) , am O car bano
ma“"é%fH‘FetH“&FFSftS &haip tupghakes lfaHOfS@%Eﬁ%\fqn\?ee {tgse Hith Q?P\@é\trﬂ“%! tezinology to deposit
top ldY&{sﬁffukads ,ele(ttlhﬂb aabther edvhoaye & cHadhEanie ﬁlaﬂeﬁh\]ﬁﬁveﬁﬁg‘ﬁ hexodiff@ion capabilities.
This ? Ql h t%E/ %B o lth% lresul!amggxgc%Witg hi ;eﬁzrbhl%l s include,
al cogeni des an ransi ton netal
oX |Tae§tlve1lwecoedac@e laygr cep bergRa e of oppniprend dlorsanieppteriptsn Thsgnorganic
matel (tiahﬁtlog %ﬁf&lde/ﬁt@ﬁcﬁ}ﬂs &huM&@:ﬁbéﬁﬂHﬂﬁlﬁM okg&m@seblcaﬁlﬁtt&rl n@ifrial. Examples

t f
1nclu?§po§'8heﬂﬁac§tyfé Srﬁ%ﬁd)(x/tgﬁa% [iog el% acgtg mlxerdonél'xin% andgne%ée This layer

can be famesd tyieesmomiedt! abthegin Far @@@pln@y@ @h spin d@@oluﬁewlacqfﬂele dlssolved with a Cu”
salt sthQQ&:'pfée'r edtRls@konktd) hbQibQ%le U Bk be@é&‘ﬁ: 143 o baciB%iiGadybi O CVD method

ates that |lead to conductivit e er an
then B FHETO T BT RSl B el o SR P} yded Cus. This
type QGlJ2ddhi¢-inorzaric wixiuctanafefid Gyn hee cQtrollettam rd rradueti Gty ibg edjusting the copper ion

concén%% Mb%hggadv%{agg ovextﬂlﬁe%@aﬂ'f%gé ag?s tﬁaﬂ)r%c 1no-¥£ym§ mixture materials can in

mat eri al can f ormed y errra evapor ati on, CVvD
somegpsness faye sqof eardiffusion saabilities dve forily PagsePT S g AeTeanisfterfa). Jjherefore, it
can allow hibiadurrbidt oftaGionad fe rdshigntidbiide ivlity gotid kdiathilitgh t enper at ur e

na rllﬁ’l gn?r%&#oﬁgne?tr ¢ r?e%zsn?e th/h:glfs nta1r¥ bl'(])[han]qgglg %ﬁ IOt a]ncp 8180‘?%91 ¢ & miconductor

onvent1 ona

mategfé psotgq qctl‘(eécpv qoa%tpve éayers Ingis embodipens.tthe gD is Nﬁtd‘f’ch’é fhe passive layer and has

a tm(ﬁtdaéaﬁﬁna@eutl1slmtt$1@but BRAGI PRI Yr&nibBddohdibtSr Hkddigl ihdbgVe tREALO and has a
This allows high current

litie
i RO oo AR R e b e wi £ hohi gh
r elln @b lerlnlbddynentTtheloaeddeVd layar comids rcthin Vager|ldesjgped te amprdye or lengthen

charéyrééannetm%f TR g ly& nﬁ ge dl&%&@@ﬁ%ﬂfﬂﬁ&%ﬁ&%@cona-lﬁﬁa've layer, but typ1ca11y
nearmg]g‘%amc nmat er i al ransition mnet oxi de/ sul fide

eyt BriBeE dg ﬂwayahcoetﬁ@%w gf t%‘?élLFFtﬁ‘lS‘ﬁ Befetabor Wﬁfce}PP%mS of the
beloﬂélﬂible&]&?etelrd’dﬁdhddﬁmﬂﬁ b()tﬂhﬁifdydyac &t onk entedifmextahe thin tdgerGus2Shickness of
abouﬁ’.ﬁ) ﬁy grl]n%pé/anc? %%t%éixn eor ssxgl agc\)%eé %%boglﬁn]e%t af quin Eaﬁergas algli._tckness of about 100
Aor ewarmi @put ene g anless. plFom er@mplpelnypthle sl rmayebnydienisiglestsdé ef@opper, a

pass1\/}é IL}Qr & cSBf)& sﬁlﬁhé a §W%£hd§r§1v&19ﬂp&{polﬁ(tpb{&ﬁ% Vit 1%1'1@:5 aﬂflaast:&nd electrode of
he substrate can assi ve Xer or aCI ktatlo

alum}ngye\yhereﬂ tho\poly (PR iiERe Vfrpf]@ﬂe) jow condugiorilayer;cantaing 3a@A fhick layer of copper
therefneacti ve gas such as H2S to react with Cu+ to produce

un IIIt (g)ne %yodgrﬂépt tqgc?rgamgﬁ%x% onzﬂg o?m&tééBFdogsf not contain an or anom tallic compound.

or gani c- I nor gani ure material can ave co ol ed
In anptmrtemhqdueeeh the eneqnip; sericargucion mgferial ¢ogtainiid cEBPPHRIY IS ﬁoped with an
orgako@iBEHE chnﬁbt)ﬁrﬁ Nin y@tﬁ@&tlﬁ’eﬁ‘émlﬁﬂﬁmarﬁttwﬁm@w&éﬂs@yﬂidﬂalgkgﬁﬁm & organometallic
compound%ayer SII%) Stl'rlgsy?th‘lg %%3% égnr;ebggl a\% ethe%)vg %)a dct(%verﬂgér}tc?ﬁt:gnsgﬁtoregzrmometslhc
comuparpsla @Mrmpllqs efghechemi¢abstiupfaregnt é@@ﬁﬁd@gammetaﬂe corppopgia ivplgde Formulae (XIV)
o (xVad.erial . Therefore, it can allow high current

operation of the resultant device wth good

reliability. In one enbodi nent, the new nenory cells

contain both inorganic Cu20 and an organic

sem conductor material as the active | ow conductive

layer. In this enbodinent, the Cu Ois just above the

passi ve | ayer and has

10



a thickness fromabout 1 nmto about 3 nm The organic
sem conductor material is above the Cu20 and has a

wao biosknwss of about 0.001 nm or nore and about PAT/IIR2004/015945
| ess. I n one enbodi nent, the | ow conductive |ayer
contains a thin | ayer designed to inprove or |engthen
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charge retention tine. The thin | ayer
anywhere w t hin the | ow conductive | ayer,

may be di sposed
but

typicall m dde of the layer. The thin | ayer
cont ai ns ¢ elecfrode materials or the
conpounds the be¢l ow descri bed heterocyclic/aromatic
compound e epbodi nent, the thin | ayer has
a thickne > A or nore and about 0.1 nm or
| ess. | nent, tKXIYhin |layer has a

t hi ckness Al or nore and about 0.05 mm or
| ess. Fo enpry cell nmay contain a first
el ectrod¢ of copper a ppssive |layer of copper

sul fide, |a | ow conducti vp I?yer of pol y(phenyl ene

vi yl ene) '—=and a second el ectrode of alum num wherein

t he rol y(phenylLene vinyl ene)

| ow conductor | ayer

contains a i ck tpyer of copper therein. In one
enbodi mefit, [ t he organi c $em conductor material does
not cont @i n| an organonetal lic conpound. | n another
enbodi ne ani ¢ $em conductor materia

cont ai ng hi ¢ pol yfrer doped wi th an
organomBal | i ¢ [conpound. |In yet a@dYher enbodi nent,

t he nmeno cell|s optionally contain an organonetalllc
compound In still|yet another enbodi nent, the
| ow cond er contains an organonetallic
conpoundy of the chem cal structures of

vari ous allic Q)np%unds i ncl ude Formnul ae
(XIV) to /AL (XIV) [ Lr (XV) (XVI)wherein M and
E are as|defi ned above. In one enbodi nent, the | ow
conductive |ayer is not oped with a salt. In another

enbodi nent,

sal t=
cation.

salt is an ionic

t he | ow conducC

ve |layer is doped with a
pound havi ng an ani on and
hat can be enpl oyed

CO

to dope t Iayer i/ncl ude al kal i ne
earth mnetg rsul fates, nitrates,
phosphat & net al halogens

sul f , phosphates, and the
like sul fates,

and th%d\hlje;

11
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sul fates, persulfates, nitrates, phosphates, and the

i ke; quaternary al kyl ammoni um hal ogens, sul fates,
Weensolfoat es, nitrates, phosphates, and the |iRe&T/US2004/015945

one enbodi nent, the | ow conductive | ayer has a

t hi ckness of about 0.001 mmor nore and about 5 nm or

| ess. In anot her enbodi nent, the | ow conductive | ayer

has a thickness of about 0.01 nmor nore and about 2.5

mmor |ess. In yet another enmbgdrment, the |ow
conduc about 0.05 nm or
nore And abo gonducti ve | ayer
may b i ' /ﬁep05|t|ng a

m xt ur #f sor and a

sol vent; [ nt fromthe
substrate/eles ’ TewyCal vapor deposition

(CVD) optiona Ay in ' AS reaction, gas phase
deposition, g i €l udes |OMIE% sure

chem cal vap pl asma d

chem cal vapo , and high denS|ty

chem cal During formation or
deposi ti on, 7 al may self
assenbl g : ; not typically
necess [ j ends of an

or gani 0 an

b ond may be forned
bet ween bw conductive material and the passi ve
| ayer. Alternatively, close contact is required to
provi de good charge carrier/electron exchange between

Mw&ggdhﬁg%gqp@ﬁggumgelayer and t he paSS|ve Iayer The
| ow conductive | ayer and passive |l a

el dBeEPRNYRPE BYlo éandflﬁﬁltvmifer ke Fgped Wit ¢ ol I frpciment, the low
condexigdlayegie dgped witisa saiet el is at fogic tanpolnd y1@sing an dhlqnasdsdavcm General examples
of salt?t}{zﬁ Lan®Q Q&qﬂ&}@g’ to%B e tl%‘r’}(?\; cogg{fc‘tl\% Qﬂg%xuldé/ AlltaYmJ eQIQﬂ A‘létgl ﬂ&l&é@& sulfates,

mpound but es e control 'y
persilgiee Hléft‘thv@oiPP%S‘fﬁe%n{‘ g ke ﬁ’étalé‘@ﬁ%“'%fullfétbﬁ Rﬁf%’é%?ﬂd’étfafeéf @hosphates, and
the 111(& d’alﬁltloﬂ_ Jﬂaalmagihbc §u1tytbst pershmasj mtta&t iphgplaepalthdikiasmbhien halogens,

sulfa;ta ts&li%tes j'utraq os hz%es anggh'e ?ua ﬁlg.xg gﬂg(n,ﬁ(am%l)r? T ﬁak%ter%rsulfates

assive
Pﬂﬂb@@%ﬂ@ﬁﬂaﬂmﬁméét?@é@hﬁhd the IOM/conductlve

| 26 BRGNS, thed&coddMiSd hRERS a thidkdedsiof Ab® 0.001 pm or more and about 5 um
charge/carrier injection into the | ow conductive

or lefSaiﬁéPOthea%vo@meﬁltﬁhfrl@égﬂ@d%@ e EHeTHFRET VR 04 K grigpge and about 2.5

pm & 8EJ. ILeYet énBth&r"éﬁlb(LdQM%nQ BB AGHAMRive R has a tHtkBRET about 0.05 pm or more and
i nst ances, the passive |layer may store opposite

ab"‘%h%‘?@‘é‘%ssthereby provi ding a bal ance of charges in the
e e pwaendugiee lager mayWedbracd Etspinjomgehbigass gegdstings giture of the

poly&é}fpoftyn%gr} éc&sofr ngll al si)ltu% glat Q%o&&%e%gl'v&% E&ﬁ:ﬁe Qlﬁ)stlta%éﬁlectrode) by chemical

| e oxl I on states
vapog ¢eReRiion C‘)JyI}) 9pt1oaaé1y iorlpdipg a8 rea@%oggﬁ@_ase fi?pogttxq;'leqnd the like. CVD includes low
presdufb&hﬁrﬂ@ﬁ&portdb@m@cﬁﬂB]PGi\ﬂ))] Basas eni@sedfcBdnti@elapatdeposition (PECVD), and high

densRye c gx\r{iica vap%r c%pos@%n dI%V(]‘D) dlblﬁ'BL ﬁ)%gﬂglp&r d%gggn, t%é(fogl gr%llctor material may

self assemble between the electrodes. It is not typically necessary to functionalize one or more ends of an organic
polymer in order to attach it to an electrode/passive layer.

A covalent bond may be formed between the low conductive material and the passive layer.
Alternatively, close contact is required to provide good charge carrier/electron exchange between the low

conductive layer and the passive layer. The low conductive layer and the passive layer are electrically coupled in
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field. This often occurs at the junction with the
active layer. The "ferroelectric" property results in

- Wao b@spoloat ity effected by external field that PCT/US2004/015945
significantly nodifies the interface states and then

that c'ﬁeg 1§rle(’r\e9£](91%%hhﬁél: B&m@ﬁet\xf@@mm{y&scel | . The nenory

fromthis ty passi ve | ayer materi has

. 0 m Péss’éF @mr FSHNE 2td B atﬁépﬁl%wwéfeﬁ%\tﬁtfng ﬁ?mpngﬂl thaf %Oﬂﬁ*gw%f fo the
contrbleblg éndaifivd prcb}ﬁmbsi)f the tratrdlidbly eindiciiveadeyia| Tegatdudieitefarslizatio compound
has tlhgﬁhglltosponﬂe gﬂg&‘g)t &gﬂﬁolgﬁi&%r ele&%ns tThte: B&s&eﬂgﬁf él%ch%y transport

vant ageous I n sone | nstances
betwisa emelesiiode pndsbiay ForaRstivedeyaTReBe By S Siegate. fpoike ehareg/Ginics icction into
the IJ\Ahﬁndﬁa[w [ayer Cedl/br 1ﬁ&d§mt&f&&w&ﬁr@ﬂdﬁ of @chﬁr@@caﬁfehﬂ fhe low conductive layer. In
some nhsp nees; the)f)hss hlayer mel;?/ ds Ce{ opécgs{tey ch{\rge% tqere%ya[%rovugng a%alanc%l n%hﬁ%es in the

min e coO
memery d¢virasta \tvlm Blotinptchaygeb/gharge aemlees ipfefititated lzyﬁheseecatp@s of typeelatively stable

omdatnwsmrte%If@ttﬂe\é&lductlsltﬁmlﬁaneg%oqﬁsdn@n states per mt t he

conduct|V|t acilitatin nd to
er I(PF{Q}C% ‘L e passyye L’P’% 8%3 n%)ﬂgf%el?ﬁ/@{, sy O wmlc ﬁm@ﬁ:gm?néwder external
field. CM@“ dog@s 4t gy metiof fvigh paactlvedulela IThe Yerchaledtiio/ iptoperty results in the polarity

effecte@&ll éx'tehﬁf ﬁeﬂﬂha@ Q%F ? n@ﬁfﬁés%qgerfa& sthted hﬁﬁ%n A Yon&h ‘!rlty of the
I's sel ected hat the two relatively stable

memgyy el TFOHORE AL SO P PR maéquakhavglrlgiel%ﬁﬁa%? gonductive
mech@dirgl aid i@ ats fe@hidA tiné is iuellyl relnivel@ e gee bacatse dTete @isplakement of the metal jon at

the mlyt?’{a%htkpge\;er 15%%§c{v9r¥ag cﬁlpg%o&e ms‘ia e%.l;ul@é o %ﬁllet}'me% treﬂ*ﬁle?a longer time to

I'ow con uctlve materi al and
switch s n@@nrdaétfrqmqnystﬁta@uthemhalti ng conpound facilitate

ch @Te%all? ahd d.oﬁihctfvﬁi ﬁ&iﬁt.htﬁ@ cén‘boﬁrfd%r AnQWnGe e bkﬁlﬁlilc'triﬁty| fa&jlﬁhng compound

has afl\/%aét trglg gegaltl\e/egye s]t%}é orxgaugn stz?esa&]l?e two {eﬁtwerI & aEle o;%abuon séaef‘es ]per{nﬁ the

condactitifesilline comdudtd domid 2y wpept P enﬂﬁéqqlﬂwly ingeppst with the low conductive

layer! @h@%ﬁﬁm@%ﬁ&%ﬁ%mﬁg coGﬁpB\In@ e&ﬁl@ye@ﬁmta' gien ﬁl&ﬂcﬁi dell EEQMected so that the
Ihe Wt

00 ROF By DT THE A Gt DA AIRE Py Ly oY conucte

materigt Mawiisg thednergy &aydscohmq geativdipdtablei onigation esatepyof the lpdisonductive material and
the cbﬁé&{v\{}ﬁﬁcﬂﬁgﬂ? E(Q(}?m%ld %lhﬁﬁtc}’l\ﬁ&r&aﬁﬁgelﬁf)n {4 th@ 'icg@cohcm:t% ia'yé? n

engt ar ge ata retention tine. In
o B RE TS BT PP B gy RS, 9P b e velence band of e
activk BWebndadtivé lagr. rxaﬁ&qneeﬂ;l By jectedchavge datrier (Ribaketactde Tay@Mnayfrecombine with

the cEar a%f%le gars]scrﬁeg: lab éarqpth ener; % %:&\%e%ﬁ)ﬁ?%g golt\x} c\é?du!:tﬁx ﬁg i d&e@ not substantially

assi ve
changwéatch ng engf ey h@mﬁs lamb\m coeznplemévg bFtwech eas/oficasecdnigstiprpng jength of charge
(datd) Renfi@Wmeonduct i ve | ayer. I n yet anot her errbodl ment ,
Bhg gr%%%ﬂaodltn%\étev%ep gpﬁt:%kgneggg de t]ﬁ:%ﬁmé %IE\:IV% % ! de lj)aiswe layer 18 w1th1n about 0.7
eVof Iag/eliencelbpndgf th¢ ]bwy@ﬁucaypd@yhle in a@wbﬁg drplypém{ent theiernp dqvefiof the passive layer is

Wlthinﬁy&l 0.9fv iehe vﬁlé}ﬁ@!)a\ﬂ@ofl tlﬁ:)f(%{ cohductiVie [dyérn Ir@@ﬂkﬂl&thé@ erl&dﬁq\,{nt(}fle Fermi level

o e S R 8 G B AP s B syt st
emb@lixeanp ihe Hernble et oflti@pasivdlageals withiOhOkt QOIf eV héthmmeecrel baijd, of the low

conductive layer. The valence band, in some instances, is the highest occupied molecular orbital (HOMO) of the

material.

The applied external field can reduce the energy barrier between passive layer and low conductive layer
depending on the field direction. Therefore, enhanced charge injection in the forward direction field in
programming operation and also enhanced charge recombination in reversed field in erase operation can be
obtained.

The passive layer may in some instances act as a catalyst when forming the low conductive layer,
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The applied external field can reduce the energy

barrier between passive |ayer and | ow conductive | ayer
walepsndiong on the field direction. Therefore, PCTESNEH015945

charge injection in the forward direction field in

partiaﬁagg 18 &B&fc@&e 1&}& c@ﬁ?ﬁnséﬁlé lggtgyﬁga g ol é}r H8his connection, the

reconpblination In reversed peration can
polypges begkboap picthe Comwétewgagwelym@rm inifially iOHn @d@ﬁ@t ihﬁBalS%‘f?éaé’Sr and grow or
assexﬂﬂct avA$ and sﬂ)atﬁraﬂaulﬁierpm&ﬂlalf t@ﬂhﬂﬂ)aﬁ@vcﬂe@& shrfé. QQRELLEE thy/@lymer backbones of

the con %’ﬁgt%d g%garn}-c p gmearg arg %eig,gle%lec} ina duectlon(fh%p tralfllgrgef \flg {vLoaeYecuodes

nj uga
c orfeerids eﬁconctuwwp@inytn@g cmk@@thet n@fv mekeeup ths mpssigraleeedinclude one or

moreVf %Bér @ulﬂﬁl(@lﬂ@ rwh&ﬁy isiffdilabdit 0.5 tofaBu) Al A G ML (AQ@ AgS), gold sulfide

(s RS} R A e e 8 B R ma R /R Pl rovertes, meaning

metabigpsfhacalisplAsment plenpn exterhidh a)epodnyfwbir Thambsbe heg maf canh two or more

sub- ﬁ%%me ?§§ efdn ﬁ%%&'c&t%g}fﬁ%glﬁe @ft&er, & &ulﬁﬂlé cgﬁkﬁlgtnﬁ &fa@htatmg compounds.
direcfion that traverses the two el ectrodes.

of TCOMILELIYilt 8o raEing ?’?déf“?“ﬁ?fh‘&%ﬁi) %ﬂﬂ‘s“atgﬁsd{haﬁ’?ﬁ%?“ﬁﬁk%r deposited
betwer titelctpd®s insemd @ayares) to prloiote lobgehargé re@Ioe tififs (MOYRP@Y conductive layer),

the p%%ﬁ'vé léygfxg{}/ ff%ted ?Ml?e(ngas&a 4 1F & %g%e?b o | agfape e%t%ag E"g&%eljgge :energy barrier

Ofm%ﬁﬁmﬁﬁgm}lke Anong these naterlals Cu S and Ag2S may
havgork efnbsdrietiC thé j)a@snﬁﬂe@&&ﬁﬁtilﬁﬁg thd'ﬁéﬁﬁi:tﬁfgy fiﬁtltaﬂmgic@fﬂ;ﬁ)ullﬂﬂidﬁa thickness

of abouta% o? %1% rgglpdte aPout 9 ? nm 8rnlf:sgxltr111 a% T egx%&? en tlge szs%e gygar haé a t(?nckness of about
10 AI oameb md amcmomnh)r lessy &1 yeanothea embonglenthee maive Jayd hdsfagtridndss of about 50
AA&%m&@&ﬁhﬁhﬁHﬁ?ﬁg&ﬁ&kv'ty facilitating conpounds. The

passi ve layer | Frown using oxidation techniques,

f orlmesder mf@ﬂ@a@nqua@ée g gretationns the prw roRaposTelisetdie dstitadpveepnductive layer

is thitlREh Al 1RGhds RSB Rr. Th &egﬁs@mﬂt&m@aﬁmﬁw of tBe 1B SFRLRvd 1888 from about 10 to

rete tion tlnes ow conducti.ve
ol D RGeSl P et Arecc PRy G Bigpes ot o ow
condpdtivé Igyef iy from dbouiliiao ghow SFfktintes gradtardnt therbigkdesses the hﬁem@d&ﬁgy

bar 611% %m&fduﬁentethpﬁe%stﬁe%ryl c@l)é%ﬁuonzh@l cOHtfn m&g*cﬁaﬂt)matﬁ: b&npound layer.
aSSIVG éer cont al ni_ng the conductivit acilitatin

In anetaﬁ.ﬁlapﬂﬁlaneﬂ e lgwlc?ﬁdgﬂgﬂeelgygr 16cfiopgjovgmta heger%yf)l}c calﬁaound Ilg present, the
heter&@@lmardﬁlaﬂ.c dﬁ?ﬂi})@ﬁld 128 Bas a ktilckadsOdf gt (0T Qﬁlloﬂiﬁ&% andtah@t 1 um or less.
Exan? zi‘ea o%t e ch mi a? %Tctures oaf varllousche[c]arolc)hchgar?makglc ccinﬂag?ndse %01f d:nﬁrkm%ludmg nitrogen
<mm®M@ﬂp@@®mV®HWb¢ébﬂh&@(%VEMF%KK%%S of about 50 D A or

nore and about 0.005 mmor less. In order to

facilitate manufacture and operation of the new nenory

cells, the active | ow conductive layer is thicker than

t he passive layer. In one enbodi ment, the thickness of

the | ow conductive layer is fromabout 10 to about 500

times greater than the thickness of the passive |ayer.

I n anot her enbodi nent, the thickness of the | ow

conductive |layer is fromabout 25 to about 250 tines

greater than the thickness of the passive |ayer.
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I n one enbodi nent, the new nmenory cells optionally
contain a heterocyclic/aromatic conpound |ayer. In

wa@p@thernienbodi mrent, the | ow conductive | ayer PGI/USMEH015945

with a heterocyclic/aromati c conpound. If present, the
het er ocyclic/aromati ¢ conpound | ayer has a thickness
of about 0.0Q1 mmor nore and about 1 nmor |ess.

s chemi cal structures of va

het er ocyc
ni trogen
(XVI11
(XXI')

menor Y|
two el®
smal |

i ng heterocycles, include
):10 (XVIII) 15 20

. n one e oOo|nent
size of the nepp cells of the present
about 0. 0001 (A nore and about 4 rp
anot her enbo the area size of t
is about 0.0 or nore and about 1
Operation qof 2-iew nmenory devi ces/ce
facilitated Bsing an external stinuli to achieve a

ess. In
bry cells
| ess.

sSw tchi ct. The external stimuli include an
externaﬁ electfric field and/or |ight radiation. Under
vari gu s, the nmenory cell is either
conducti ve pedance or "on" state) or

gh inpedanc%jor "of f st@tl).

N (XXI)
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The nmenory cell may further have nore than one

conductive or |ow inpedance state, such as a very
woe@lbyloconducti ve state (very |ow inpedance SPEE/E$2004015945

hi ghl y conductive state (Iom1|npedance state), a

conductive/statr (nmediumlevel ing e state), and a

non- cond ate (high inpedg e) thereby
enabl i ng [ i nformati on
in a singl& L 2y-er—pore bits of

i nformati on or X .
Switching the nehp ‘on" state fromthe
applied electri

stimli GE8h as an
£
Switching the Sﬁp

hir eshol d val ue.

off state fromthe
"on" state occur 3w £ stinmuli does not
exceed a threshg Qt exist. The
threshol d val ue¢ varies dependi ng upon a nunber of
factors including the identity of the materials that

constitute the memory cell, the | ow conductive |ayer,

and the passive layer, the thickness of the various

| ayers, and tﬁg i ke. , py esence

of an gxternpa tImJ|I s [ (XXIID)
fielthat \exceey

per

i nfor

of an

field that

appl i ed vol t age
cel | ; whereas the absence—d S stleN
exceeds a threshol d val ue ("off state) prevents an
applied voltage to wite or erase information

I Nt The ble®eton@e mmﬂﬁeﬂ/mé}ﬁdri' cellsl@s rlMaisdr@ bl Bk @L[rﬁ&:t ard@ BF théWad electrodes

e a vol
dlre,(t,trI %ver a;gnnlg%aecg { {tlleré aﬁ OT sana é)are{ to'co ve%ona? %lé an baﬁ% &efpg{y ceéllﬁ such as
MOWERS tlepoeembeslihdne thﬁemﬁwy ofi:tbd rhemoa/ opldslof tgpesont irgbrgion is phout 0.0001 pm” or
morg Angl upi p,xﬁ5la legoknaa%tﬁey V\lj% llihg titehaqea S%Mrnllegﬁgiy CQE 1s about 0.001 pm? or

| npedance det er m nes e nenory ce
mmt@%ﬁhﬁb@ﬁawcbwstate or a high inpedance state (and

th L@;ie%&ttdﬁ fhE névst ménﬁ)r cféﬂces/@c{lls 1s s@cfidated IQng%ﬁ B&&nal :{ﬂlﬁn‘afl [BQEHKQQ a switching
en menor ve volta
e SR AR A TETGL L Sl 8 DAL VR 2! 205 O o
mentokpepell & xitteeagdugtive ipe spedadcevoal'onestate oatpaptcor@ahtlvél' (hizh imgpatinge or “off”

statflevi ces described herein can be enpl oyed to forntloglc

devi ces such as central processing units Us) ;
vol e PPBoyEgRay fbeibave ot fhap onpcopdmpive erdy er@gdamsmw such as a very
highjevido@ise stan@lery oe ilped e stavsdathighiy tqdicti vt S ifideliface state), a conductive

state %Ea%}éve@%%&%&%’s%%%ln&—%mgﬁ% %@Kﬂlﬁ?%&%%%pstﬁaﬁ thereby enabling the

storagie o e iplerbits of fpormatiop incrattngle meRor Pellriaeh 26 Piakreli %nfemmon or 4 or more
mmdhﬂaﬁﬁmmnal) or three di nensional orientation

ggﬁtw Iclﬁrltgrtge memory cel? {o tﬁe\l\@n”rs?tate I’1‘Jrorn th% t“off)’yfsate: occurts w%enrgrel r&)tngal stimuli such as

an applied electric field exceeds a threshold value. Switching the memory cell to the “off” state from the “on”

t hat

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 factors including the identity of the materials that constitute the memory cell,
the low conductive layer, and the passive layer, the thickness of the various layers, and the like.

Generally speaking, the presence of an external stimuli such as an applied electric field that exceeds a
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Referring to Figure 2, a three di nensional

m croel ectronic nenory device 200 contai ning a
w@bkwsaliotyy of nenory cells in accordance w th BCT/HSPEC015945

of the invention is shown. The three di mensi onal

thresH%k? ¥a9.1% I( %ﬁéﬁrta%zk rrgigs‘e%gg% dqr%fﬂgg F)ur K ar gxgggtlr?&r&%oﬁ m%/ﬁj&@tlhé ﬁlé/mory cell

I rst
and thq psericp e el stayh sush 512 Flﬁ’ﬁ?dte‘}“‘ﬁf figlbthpisfese %‘Pf} 2 thrgshald yalue permits
an appl. volbgé 1080 infdAgatibe SR hE inVIﬁorfl tellS\I/heﬁEHiheSaB&ﬁd&d»f the external stimuli that
exceedlﬁeﬁu l%?d?yalue{) flfjisaaf ?rgvrégt? ana,lp}?} %1¥ C d\Flillr((i;tt orv e? nggrn? &gr{ ﬁto/from the
mempiygelal i ty of second eI ectrodes 204 are shovvn in

su h%%ﬂ:ﬁﬂf&hlla%nﬁ}% ReReiositkiah v&tﬁge%ﬂﬁlﬁge kiOAl thad leic&!ablﬁ@threshold is applied.

orientations are
To i B T RGPy Bb0 TR b AB AN B BT ARy essing
the igpedexd ¢e®nmhqs whetlpn the mnlb@y cefifis inelvwriypeda@ics watd dye highimpedance state (and

thus b/HéMePN is Figh> gp‘\éffc)e Tg & 5ntfc¥mat1|8§ (vht@ﬂ %{tc?tlhe ﬁéxﬁcﬁ:yéeﬁ ra)ﬁeéaﬂda voltage or a
devices are not shown for brevity

polagtg pRpgyie i PRIESLY ofhs Gl B yAme %fﬁ?dsaéw%d Yaé‘tiﬂﬁ Bl
e IMhé memdFmeveesalmﬂlted herdecanerapipipyday fooebgiadaicesssedhlab centmal processing
u111tsg€[!"ﬁ:§5'l tza!ltﬁe m de@peg Sl%h as ﬂmae(llcél SW&@Q@E}}%«l th!;;| ﬁl@dmﬁl@'!)lgput devices

evi ces, econmuni cati ons equi pnent
o ébdﬁj ﬁrhié'ﬁ{i yolqztlgsr%eg}ogfhie\aﬁa sugiats EE (Hbéﬁ ﬁP%(éMf Bﬁ%]ﬁ[ﬁ and the like. The memory
devide§ RNSHIBAbtitkeld mpmamlaltaﬁsn (tWoadhadnbisat) et thiet @meRihal @Senta@d@ontaining at
he 1ike. - evices, and particularly
leaStttwonpdanﬁr alnays}a?tﬂe emor ﬁideV| ces, achi eve inprovenments in
poRetsiying FOtF}'gumﬁea 'lh@e difpensigpeh microgiectionia premary givice i cgiiginipg a plurality of
membYQelld Wcme)émﬂ @ﬁ/asgeet&)f thE;saémJ)m she&n hlale thrdd @In@n@RAVinG&Selectronic
conmun

memalgz\%%:vgcggo CBgtFlg &?g{gaialg? grst g%gtfog S g{z& gplurﬁ ?ﬁs%oxrd e{egtrodeso?& and a plurality
of meyayered layero2sb Bekecn thepasteettvs first amdptcend cloeitorde|as thercomghaptyrcgnductive
med1(1 Yﬂo%@wrﬁ n’ﬁhe@ﬂ-ﬁgih@)of fu‘é%@btﬁﬁ@s 2@1@1'(1 lthe%fulraﬁl}{/ 'o§§e&ﬂ§ el@oﬂgde‘é\@(ﬁ are shown in
an ik examnp

S e P VS o O S L GEbnson
micrbeiediranitngsthofyriletideas daprble (ofMontgmmg( anptreslydip nehigevirereryicells thereby
1mpr¥>‘nr?g d%ngecdexﬁs t§: Egeh rapcﬂgultgj a?tél 5@;"10135% Jno&ﬂg&nsfoxad?glt

percent ages” are t enper at ur es are in

de g'l“p@@gmc@qﬂlq/c&wﬁed are uﬁfﬁ‘gm myéiggﬁrr@uingg memagy. Fgrexpmple, the memory devices
are u@éfﬂﬂ&ﬁﬂﬁt[tér@ aplifS& i@ strid$quiflet, RandViideyices 8éltcSmaAiications equipment,

sin el ectr

medltCkh e%u‘lé)meersx’ Sresg%c 6g%gﬁ{wment &:qulpl?ecr)lfj gangpot‘tltl-govéﬂ%}ég rIlgar%atf:lhte devices, and the

ower
like. Fippql- h@d deviedyj anék p,e@t@gla@f hallq Igbieleptronig de\a@g jaghEeve lgymver@pts in portability due

to th&dnlaVl Gike apllidht \d@ghh&"(ﬂe A&y ﬁerﬁdﬁ}i &hiba SExafhﬁlesEtE ha‘r\djhad ﬂHVQ&’sj ib@de cell phones
conduc

over the | ower
and crtlaegl g\fo Wy, ﬁctng?%llc?]tﬁn evtc fp%eéslgvi\a\ c[i; é atssgsl%g é)alzn rpglo é) V%ers no eli)ook computers,
remdtdriontfotseserrdsfs (BG0 am dudio)f edipseanal wéemsmﬁemcpa@smewerﬂ Caly@as and the like.

us "Irﬂg foﬁ%@né &Qrm&s Q(Hl@cﬁte t@%?eséﬁpﬂ%u&ll @Glte!s gfﬂ@rwis§ intHORLY i 1n the following
affi xed over | ayer .

exanrg)},eé aqd&}s%)are lh%tf‘l?ﬁyecéf}‘fat}j)ﬁ ﬁxélrclag?sez&ltprq ng)mrceat@gﬁbeg? g%‘ﬁe\ﬁ%h @l?tgmperatures
are it gk Eesiipradé, add DS ian dr @arlaowusgheric pressure.

Example 1
Memory cells are formed using an upper electrode of ITO having a thickness of 2,000 A and a lower

electrode of silver having a thickness of 1,000 A. A passive layer of silver sulfide having a thickness of 50 Ais
provided over the lower electrode. An organic semiconductor layer containing polyphenylacetylene and having a
thickness of 800 A is formed over the passive layer using CVD techniques. The upper electrode is then affixed

over the polymer layer.
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el ectrode of copper having a thickness of 1,000 A
Apassi ve | ayer of copper sulfide having a thickness of

wa2080i®14pr ovi ded over the | ower el ectrode. A BURUSHS4/615945
first active layer having a thickness of 2 nmis

Exah@Qk f8d over the copper sulfide using a thermal heating
tecﬁn ue An organl c polyner |ayer containing

ol FSRA8Y ROt S An HRpeSe SRR e Ko TGP Bipe et H000 A and a lower
elecs@ie ph:dppaﬂtavm@ thxalyms of 15000 &r Apabsioaleyer dfb@p@udfefhiavisa thickness of 70 A is
prmﬁ’tﬁ%& b%gtﬁé Q?GQ elegjghg \%@/ Q age eﬁﬁip‘% qa):}ﬁglgiyc‘er g%le}lg H@r?ess (1%'2 %%tlsr tgrqu over the
copﬂeéw%ﬁdyuse’é P Fhermgt heating reaksiaue i pepeainpsiseleyes FraiBinyng gelyaspylene and having
a thiglinelIoMOMARaY $ebt@d actibdla ek BSGedaiver the TRD thstabie Aydr QMR CVD techniques.

The% %19 142§ d?ls%engf??égl%(zerh}xaipolgu?r? {hickness of 1,000 A A

ssive | ayer of coppe Tde havi ng a thlckness of
—EEQ—A is provided over the |ower el ectrode. An organic

S e nM&ﬂUﬂﬂdéHsI 4 fonfRY 84dingGe Gpad dIHctrP(ﬂe Qﬂluﬁﬂtﬁ&nﬁhﬂ’ﬁﬁﬁﬁiﬂn@d@ 8f 200 A and a

o B o S Bt 10 2 PO St TR s
65 & lheanl@ﬂfOfo thd logwiedlectrdve. pHodryamssenticppductor Eyearmplaming pdarienylacetylene and
hav1§§el Iﬁl§kn@§'s ef 'fO@ E&q?férrﬁég bty th@Easéf‘Q:ﬁe%/Er u@ilnfét’lﬁ %gl@uqqgs Gi"ﬁem%ﬁé‘r electrode is then
vin hlckness of 1 A and | oner ‘el ectrode of
ﬂm@@ﬁﬁb RAHE®S t hi ckness of 1, 000 A A passive | ayer
mmmbﬁopper sul fide having a thickness of 25 Ais
pr %én%‘?}dce@ VEL foﬁrﬂ@ Ju%vé(ﬁ ﬁpp@lj e?eg&c{dg gf%op agﬁ%ﬁﬁcﬁless oﬂl 500 §§nd a lower

sem conduct or yer —cont %u ni ng
electid BFapeeT ey ies? t@ﬁlﬁl@sa aieleP0p ef\@fwﬂve&ﬁfer cﬁ aQPiP?fg‘ﬂ%dethh‘fl?ﬂ@ﬁ‘é‘é%eSS of 25 Ais
provitfed @HthMlow efe@foti® d\n@yv@iic feh@oRB&S1aser doifihg poSyitHi@hene with Cu,S

nan()tspﬁrhaes%ﬁlp%ggi h%}épn atng ﬁ h/lqllg gH'nfclgmessrol? Foo PR ?orr’l&? Loﬁ&ttheﬁ)asmﬁe I%yer using spin-on

i'xed over [ayer
and CHD daglriiqyps- ﬁ&%@@@éhd@ﬁvmﬁmaﬁ@w@@@@$¢m@mwmkﬁm respect to

a Cfﬁfht)@h lEhe E}fvﬁftl&{ Ka@E’eeﬁ Eﬁb@ﬁjirﬁﬁ&t;nb@({ wi@ﬂf@s@git FRR_ERin pl‘efferﬂe@embodlment or
ui val e ns. and nodi fi

ter
embocP Iin?n%blilé v10{,1s tgag FIYER §ntgl%ra1t1i)rg anda rﬁodglﬁaéxo%ﬁwfﬂl (Eﬁglgrt\o ‘f&ﬁés siqﬁegl in the art upon
the e Fcundarthnding e tt saevificriign ol thehimsxaidainks. dapirigmlasmgind to the various

functnth@ pédHed gfdthg §RW G Sbed lc&nﬂ%ﬂefnts I £ddhBikes, rd@ﬁ@E irdufs, BB ? the terms (including
rious functions (Ferfor t he above describ

anyae Wﬁﬁﬁ%ﬁt‘%ﬁa‘(sa?é‘éeéﬁ% cgige Suafbcmne%gnts %S ipigRsipd 1@ corgesRons; unlfSﬁ%therwwe
indidad,n®anf congponedi wigchamyormehespenifee fithaioa of theditsibed coigert @.e., that is
funcqﬁﬁwaqmalélw céoﬁnqwm@%ae@fﬁqmgegng &d dlgé?osgcpsqrﬁc\?ﬁPQﬁlgi performs the

| éss ot herw se Indi cat onmponent
funcﬁ@rlfn 6[? hegenf ﬂéStfgtﬁCb%(Flfl}?lg& erﬁ&;ﬁlg}t:qntq)q{ thefnvenkign. da additiop aipile a particular feature
of the GRAEnLy hewe been,dist16@d wittSredpeud @tohi® B df bbv&ﬁllémli@hrﬁdﬂfs) such feature may be
coml dl\x{e%n it% g)lgeu gl re %&{:r%gagulrje% to{’Jt[lehot}lley CI?GD%Hian {aﬁrﬂlta}{ Ee deflreg and. a%va{ltF%ous for any
g“@h@ﬂﬁﬂ¥m$ﬁmw§WWhted exenplary enbodi nents of the
invention. In addition, while a particular feature
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of the invention may have been disclosed with respect

to only one of several enbodinents, such feature may
wheoosomoiced with one or nore other features oPCT/H82004/015945

ot her enbodi nents as may be desired and advant ageous

for any given or particul arorgpti cation. CLAIMS What is

cl a - 1. Arenory cell conprising(104): a first
Whaéllséi?{'“i‘géfe(l% 202); a second el ectrode(108, 204); and

a controllably conductive nedia between the first
1. el egtkQde candmiig.g860nd el ectrode(l 10), the

controll ably conduct i ve media conprising: a |ow

conductlﬁ/fé“tlel&?f@ﬁ(l 64%%) conpri sing at | east one of a

conj ugat £dcoad gatb(1pQLyaRAd a conj ugat ed

82? ;‘Prg pre; c%%ou%t@%ﬁ}%?&‘d” %ech?b ?vgegﬁ tﬁ% t%ﬁg@oﬁg%ﬂ%e 2L 8ld dheSirode(110), the
Com&blﬂdn@thh\?feveéﬁéfl%@’éﬁmgde and a transition netal oxide,

and a passiveg lbﬁy&ﬂl.(chveleﬂ’}r( 19 ﬁb@@rﬁﬁrﬁim@ﬂ le@st %Bﬂé{%ﬁjhgﬂeﬁ Yrganic polymer, a

con @ iehnras SR AGEIE: TRYRPI TRy mEoh B DLk oon anoie,
low padentivaphalcageniergd e easitngel exijgoingmer  sel ected from the

group con S | std fadive fayé?@llfM @&ﬁﬂﬂlh@ﬁ&nductlwt fac111tat1ng layer.
pol yphen | ene; hen%/ acet i’

et
2. pol AP éeq 05 fnip(l Wl?f 8 éong cﬂyﬁ N 12) comprlses at least one conjugated
orgapio Ipylyher egddeed Bom he kipotopdising of solyap@yl@h}pblypheﬂylacetylene
poly@ﬁﬁeﬁlﬁg&&ieﬁé pol&anllhﬁ’e! pd‘i’}ﬁ}g bﬁéﬁ){wéné %ﬁyl&% ¥cﬂﬂﬁ1@dﬁgr[ y@ﬁfﬁorf)hgrms porphyrinic

met al ocenes ocyanlnes
macaﬁﬁ e dis) derjvptigpdrol ypaphnff*fep%@%} Jpense |P91y@fhalefyawﬁs Jpolyvmylenes and
polymhaésel n the conductivit y f acilitating corrpound( 110)
CONRL m%1g§ é @ell olf ggéltl WHeRin dn%%c%wty fgcoltgltm% ﬁeT%aunHH 103 aomd)nfea at least one

consistin per sul
Sele%?ﬁ‘l frope sroup AOUSIEFHJQ OfrPéPﬁﬁ’f Sylflé® silveishilfids, ridrepld sulfigeer ei n t he

4. | 0V\1‘h€ 91@1@1&9 tdivecldiay sz}{er%ﬂa%)e ld%ﬁe%ncﬁcttvb laf»éf(fi@ﬁ ﬁasqfthla‘eh)éawf about 0.001 pm or

mm or _nmore and abo mm or [ ess and
mOfb%?é §‘?%5 Hrugrdssy and #y s I%Yerfﬂﬁwwglgknas LR ¢ A@f morg pnd about 0.1 pm or

less.nOI € and about 0.1 nm or | ess. 5. The mermry ceII of

5. cl af mefnoryc ro? Izri]lml eclgv{l] golfll ) r?lyl (a thickne. outOOl Wm or
t hi hl%ness of abou E?T ryg dl ab ol Sf.

morind hi@gs] land ldstrad prassmpéaybral;le)rl(ai a tlildl)neah aﬁabeutMnA okrmrsaznd @fout 0.01 um

orledoout 10 A or nore and about 0.01 mm

6. The memory cell of claim 1, wherein the low conductive layer(112) comprises at least one conjugated

organometallic compound or conjugated organometallic polymer selected from the group consisting of those of

the Formulae:
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or less. 6. The nenory cell of claim1, wherein the
| ow conductive |ayer(112) conprises at |east one

organonetal lic polynmer selected fromthe group

consi sting of those of 35 the Fornmulae: 40 (XIIl1) V/
\' J( 45(XVI) (XVIl) 7. The nmenory cell of claim1,
wherein the first el ectyode(106, 202) and the second
el ectrode(108, 204) indepspdently conprise at |east

chrom um\ copper, , hagnesi um
manganese —~adi pal | adi um plati num
silver, ¥ [ [ and\ al | oys thereof; indiumtin
oxi de; [ : 4fror phous silicon; and net al
sui ¢i des. ' of claim1, wherein the
condluct i vi ' sompound(l 10) conprises at

| ayer co
repeati ng

gr conprises the
ell of claiml,

wher ei ating conpound(110)
co cted fromthe group
consgi sti ngyo sulf|oe and silver sulfide and

unit: (IX) 10. The

menory celI™~qf claim1, wherein the conductivity

facilitating conpound(l 10) conprises at |east one
selected fromthe group consisting of copper sulfide,
and silver sulfide and the |ow conductive |ayer(112)

E
E\ M / (XVII)
E E\
\\\ X //
E
7. The memory cell of claim 1, wherein the first electrode(106, 202) and the second electrode(108, 204)

independently comprise at least one selected from the group consisting of aluminum, chromium, copper,
germanium, gold, magnesium, manganese, indium, iron, nickel, palladium, platinum, silver, titanium, zinc, and

alloys thereof; indium-tin oxide; polysilicon; doped amorphous silicon; and metal silicides.
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conprises a conjugated organic polynmer with the
repeating unit: (1) n 12. A nethod of storing

WO njosiom@td on in a nmenory cell (104) conpri si ng BCT/UREIN4/015945
el ectrode(106, 202), a second el ectrode(108, 204), a

8. CO nTHeQAeln@lgchl dt Qlﬁ‘i%qc $rheYefn tﬁ@gﬁcﬁctpfﬁ§ fﬁ@ﬁtgtm% Q&nﬂ‘o{lr[d?ltl 0) comprises at least one

de an econd_ el ectrod e( q
s T G LT B BN FRYOD giucivelver compries
conjogated pelyner @orhmiy® ithekepdBhcwoirpr i si ng at | east one of a
conj ugat ed organi ¢ polyner, a conjugated
organonetal | i ¢ conpednd, a conjugated organonetallic

pol ynmer, a bud : a\car bon nanotube, a | ow
conducti ve 2 [ and _a transition netal oxide
and a passive || ayws ori si gonduct i viE

stimuli exceeding a threshold val yle to render the
control | ably conductive nedia(ll 4)2conductive; and
inputting a wite signal. 13. The nethod of claim12,
wherein the external stinuli conprises at |east one of
an external electric field and light radiation. 14.

9. Th eT g?elblgr? f:eﬁ)lfof %m 1 Wh]él‘%El tlmgn:‘%gctléltﬁt it utt!

selqul fromrke giep hendistng ofdopiiensulfide angisibverssulfidg dpe the eysiondactive layer(112)

comp@¥Ed ohjughthdl pdlSer BonfpRtedthe %eﬁéégxllg Wt hin about 0.7 eV of a
val ence band of the | ow conductive layer(l 12). 16. A
met hod of making a mermory cel | (104) conpri sing:
provi di ng a \ el ectrode(106); /FoFA\Ng a passive
| ayer (| j :

conduct i 12)conpr|3|ng ; pne of a
conj ugat Farnt’c pol ymer, a conjuge
organonetal | i c conmpound, a conjugated organonetallic
pol ymer, a buckyball, a carbon nanotube, a | ow
conductive chal cogenide, and a transition netal oxide

10. OV6fpe Enlglﬁo& Qeﬁ%k {fim ll %%Je&lthe%ér)dmti\\//\it]yefgcel}t%nft; po%lpgu%ralg HS tccl)n}{)nst%/ at least one

selected from the group consisting of copper sulfide, and silver sulfide and the low conductive layer(112)

comprises a conjugated polymer comprises the repeating unit:

21
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facilitating conpound of the passive |layer(l 14) is
sel ected; and providing a second el ectrode(108) over

wo b@slowiconducti ve |ayer(112). 17. The net hodrof/usioas/ms945
16, wherein the | ow conductive |ayer(l 12) is forned

11. by THe®hEFceVAPRMm 10LRAS thd BRIAvitpfRLifzRE cgnﬁgm.tﬂMQ&nprises at least one
selected from the group consisting of copper sulfide and silver sulfide and the low conductive layer(112)

comprises a conjugated organic polymer with the repeating unit:

X

D

12, A method of storing information in a memory cell(104) comprising a first electrode(106, 202), a second
electrode(108, 204), a controllably conductive media between the first electrode and the second electrode(110),
the controllably conductive media comprising a low conductive layer(112) comprising at least one of a conjugated
organic polymer, a conjugated organometallic compound, a conjugated organometallic polymer, a buckyball, a
carbon nanotube, a low conductive chalcogenide, and a transition metal oxide and a passive layer comprising a
conductivity facilitating layer, comprising:

providing an external stimuli exceeding a threshold value to render the controllably conductive
media(110) conductive; and

inputting a write signal.
13. The method of claim 12, wherein the external stimuli comprises at least one of an external electric field

and light radiation.

14. The method of claim 12, wherein after inputting, the memory cell comprises 2 or more bits of
information.
15. The method of claim 12, wherein the passive layer(114) has a Fermi level within about 0.7 eV of a

valence band of the low conductive layer(112).
16. A method of making a memory cell(104) comprising:

providing a first electrode(106);

forming a passive layer(114) comprising a conductivity facilitating compound over the first
electrode;

forming a low conductive layer(112) comprising at least one of a conjugated organic polymer, a
conjugated organometallic compound, a conjugated organometallic polymer, a buckyball, a carbon nanotube, a
low conductive chalcogenide, and a transition metal oxide over the passive layer(1 14) wherein the conductivity
facilitating compound of the passive layer(114) is selected; and

providing a second electrode(108) over the low conductive layer(112).
17. The method of claim 16, wherein the low conductive layer(112) is formed by chemical vapor deposition

or spin-on techniques.
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