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data rate and relatively high power consumption and large degree of complexity.

“Moreover, as inorganic solid state device sizes decrease and integration increases, sensitivity to
alignment tolerances increases making fabrication markedly more difficult. Formation of features at small
25 minimum sizes does not imply that the minimum size can be used for fabrication of working circuits. Itis
necessaty 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
30 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-thr(;ugh or uncontrolled current flow,
35 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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hereinafter fully described and particularly pointed out in the claims. The following description and the annexed

drawings set forth in detail certain illustrative aspects and implementations of the invention. These are indicative,
however, of but a few of the various ways in which the principles of the invention may be employed. Other
objects, advantages and novel features of the invention will become apparent from the following detailed
30 description of the invention when considered in conjunction with the drawings.
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 illustrates a perspective view of a two dimensional microelectronic device containing a plurality
of memory cells in accordance with one aspect of the invention.
Figure 2 illustrates a perspective view of a three dimensional microelectronic device containing a
35 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
40 cells may optionally contain additional layers, such as additional electrédes, charge retention layers, and/or
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In one embodiment, the thickness of each electrode’is independently about 0.01 ®m or more and about

10 pm or less. In another embodiment, the thickness of each electrode is independently about 0.05 pm or more
and about 5 im or less. In yet another embodiment, the thickness of each electrode is independently about 0.1 pm
or more and about 1 ym or less.

The controllably conductive media, disposed between the two electrodes, can be rendered conductive,

30 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.

35 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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The conjugated nature of the conjugated organic polymer contributes to the controllably conductive properties of

30 the controllably conductive media.

In this connection, the low conductive layer or organic semiconductor layer, such as the conjugated
organic polymer, has the ability to donate and accept charges. Generally, the organic semiconductor or an
atom/moiety in the polymer has at least two relatively stable oxidation states. The two relatively stable oxidation
states permit the organic semiconductor to donate and accept charges and electrically interact with the

35 conductivity facilitating compound. The ability of the organic semiconductor 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.

40 The organic polymers (or the organic monomers constituting the organic polymers) may be cyclic or
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or ganonet a gat ed organoneta npound), an

or ganongt af ”Id?%unﬁlbel’”@)ﬁ’g’?mf’bém%’ 8?0133’@3 Yl?b%ﬁﬂgﬂe @PE{%@W%&Y{@&G B‘E}Yf?‘ﬁ’ér) a

buckybal 11Olynﬁole,@plb@mewawmmmﬂer(esmmpymeapolyaﬁyrmﬁﬁ rosekitioferanot ubes), and t he

i ke. § J3Te Npe ten a
car bon- o&k 1&%’%%&@& St rﬂ%)fp uﬁ@%ﬁﬁﬁﬁoﬁﬁgﬁwlﬁfp ‘3?@&&{]&&&%% ntplh%%)a
I\/DSFETS B‘F&’ﬁtﬁ]i"@m%@ﬁf @B EPor materials are typical ly characterized

i B5t hat t hey Clamigalowetureapfrxmgplgs obiefiting usits/ ndidésoliat indke i @t cdnfi@ytedvapsgic at | east
two 15 Qllax@ a%xgggtafe&) or du.u%&, ﬁc 0. %rs %cﬂ%ngo n?oqg (& %Qrgnldﬁé 8{ to gﬁh?r I al S are
al so characterlz Rat the assu nor e resonant
structures. The overlapping p orbltals contrlbute to the controllably
conductive properties of the controllably conductive nedia. The anount of
charge injected into the organic sem conductor |layer also influences the
degree of conductivity of the organic sem conductor |ayer. A carbon
nanot ube is typically a hexagonal network of carbon atons (from about 6 to
ut 60 carbon 20 atons, typically) that is rolled up into a seamnl ess
cylinder. Each end nmay be capped with half of a fullerene nolecule. Carbon
nanot ubes may be prepared by the | aser vaporization of a carbon target (a
cobalt-nickel catalyst may facilitate growmh) or a carbon-arc nethod to
grow simlar arrays of single-wall nanotubes. A buckyball is nore
specifically a Buckm nster-full erene, a soccerball-shaped 60-atom cl uster
of pure carbon. The organic polyner typically contains a conjugated organic
pol ymer. The pol ymer backbone of the 25 conjugated organic pol yner extends
| Zngt hwi se between the el ectrodes (generally substantially perpendicular to
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the inner, facing surfaces of the electrodes). The conjugated organic
pol ymer % be |inear or branched, so long as the polymer retains its
conj ugat e Ot d94conj ugat ed pol yners are characteri zePGTAUYNUYOI6HEY have
overlapping p orbitals. Conjugated polyners are also characterized in that
they may assune two or nore resonant structures. The conjugated nature of
t he conjugated organic polyner contributes to the controllably conductive
properties of 0 the coptrollably conductive nmedia. In this connection,
the | ow condu or organic %gniconductor | ayer, such as the
onrj ugated ordanic polyper, has the*ability to donate and accept charges.
Cenerally, the'organic mtonductor or an atom moiety in the polymer has
at least two relatively stable oxidation states. The two relatively stable
oxidation states permt the organic sem conductor to donate and accept
charges and el ectrjca interact with the 35 conductivity facilitating
conpound. Th iYity of the organic sem conductor |ayer to donate and
A interact with fhe passive | ayer al so
: tlty/, tivity faé Pltatlng conpound. The
i njected char orm-t¥ie passi velalrer can be trapped in the organic
sem conductor layer and the interfafe, adjacent to the passive layer. This
changes the conductivity of the |ow conductive |ayer and results in nenory
effsect. 40 The organic polyners (or the organi c nonomers constituting the
organi ¢ polyners) may be cycllc or 4 . WD 2005/011014 ..
PCT/ US2004/ 01594 - During formation or deposition, the organic
pol ymer self aspembf/es betwgen the el ectrodes. Exanples of conjugated
s . % e of pol yqeeEyyl ene; pol yphenyl acetyl ene;
pal ydi phenyl acejyl ervy anilinéﬁypoly(p phenyl ene vi nyl ene);
p

depends on £ He

p@pythiophene; 3 y ; por rinic macrocycles, thiol derivatized

pol ypor phyrins; pol ynetal | ocenes such fas pol yferrocenes,

pol ypht hal ocyani nes; pol yvi nyl enes; 5 polystirol es;

pol y(t-butyl)di phenyl acetyl ene;qpol y(trifluoronethyl)di phenyl acetyl ene;

pol ybi s(trifluoronethyl)acetyl efe; polybis(t-butyldi phenyl)acetyl ene;

poky(trimethylsilyf) di tylene aoly(carbazole)dlphenylacetylene

[ | ene; Vet hoxyphenyl acet yi ene;

utyl)phenylacetylene;

pol yni tro- phenyl acét yl ; Iy(trifluoronethyl) phenyl acet yl ene;

poly(trimethylsilyl)pheyl acetyl ene; pol ydi pyrryl met hane; pol yi ndoqi unone;

13 pol ydi hydr oxyi ndol e; pol ytri hydroxyi ndol e; furane-pol ydi hydroxyi ndol e;
pyindoqiunone-z-carboxyl; pol i ndogi unone; pol ybenzobi st hi azol e;

pol y( p- phenyl ene

ul fide); polypyrrole; polystyrene; polyfuran;

pol ypfenyl ene; pol ypyri di ne; pol ybi pyridi ne;
xohenlporphyra2|ne)

| y(et hyl enedi oxyt

i ophene);
35
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pol ypyridine netal conplexes; and the like. 15 Chem cal structures of
exanpl es of repeating units/noieties that make up the conjugated organic
pol ymer s - W0 &sz Pat ed organonetal lic pol yners incl ude RTEUBROOHRIPUS of
Formulae (1) to (XI I1): 20 25 30 35 5 .WD 2005/011014 PCT/ US2004/ 015945
510\ / \ {Il) n*. 15\ / NH(IIl) 20 25 (lVv) 30R O0O35S~1 (Vv
40 O O 6 ., WR@005/ 011844 PCT/ US2004/015945 ROOR S/ \ 10 S S
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E 40\ LRM/ (XIn E EIl 45 R 8 _WD 2005/011014 PCT/ US2004/ 015945
wherein each Ris |ndependently hydrogen or hydrocarbyl; each Mis

i ndependeWO3P0M0HBK,| - each E is independently 0, N, S, PCRUSZHM/015445CH;
each L is independently a group containing or continuing conjugation

( unsat urelteredrehch Rais thdepadantly hy&ogden chehpdroc et dayh Mbﬂuiepe]nd@ﬂy Imed; aadhd imbout

25,000 Ofq. h&a&ﬂig%%% her, r%?cﬂi@%epend&?ip%r&lg ngméa nge&% c&qmcgﬁxﬂ@%%w 2 or

nore and a
i ndepend&rripsption; 3 cagin lﬁ)lnd“ri’ﬁ}d@lﬂaﬁ‘l?u‘alb% geresndydont 87.000eslss. [apaiist embogimentet al s

I ncl ude oAeh n ifndepAidentiB abduth or&dre aﬁllaboutE@OOOGalessl‘ELyéd aEmthéVEmboMﬂzentNach Hb, Pd, Pt,
Rhs Sn, | es of L S .ln rocar Ssi ng
con j ugat ?‘% ené%ﬂ)f %?eéatggof s g (g{(’)gt’)drépf’rel%%ﬁ%‘ﬁ% es%f PRl gl Agg&o#ﬁ) C‘P%ZS(‘E
groups, %‘Ju%ﬁg’tlui\@deﬁ‘érﬁbl Pd, Biy Rhu P ande?@eﬁyﬂn@heof@gmp@nclem&}’(tr%bﬂlmps Any of

the for rmksa@mg&mjugamsmq&%my R EreRANESHMctHOSER 1sPERY gup RSstind@phedflOWN i N
the formu a phenyl group may appear on the

pol yt hi o%?%’g?‘léceg'fé%%?‘l?? é“ﬁg'% “as on the 3 position of each thiophene
noi ety. As anStywéthe éaxramwln@y havke kel oy merke kendynt subyriaiea groaps, woshowmlAteorinylek: Gy
Sy@St It LE%QB 18 5 9351 gfmly m Waﬁ&%tpogdﬂlopﬁel?@suggﬁggthchg 98 3 F}BSl@dﬁY)f &Eh thgﬁlene

pol yphen Iacet | ene, Ehen I"acet yl ene | ene vin Iene)
conj ugat Qie%d‘}%?ﬁ‘él?% e"afFHl& afly ﬂ@xwmn&e&rnawdmﬁhﬁ@?ﬂd&@ﬂﬁ%&f&%@%ﬁ? pEpgen as
subst anttheglhbnyl dingsihacpsfiiepolysieiybsetylédg Cholytigichylicetylbie, £ OIPH-pEdHib®Ivihylknepr m)r e
carbon af,om.angd.iypi cal Iy about 60 or |ess carbon atoms. In another

enbodi nment’, hycir ocar byl gr oups contain 2 or nore carbon atons and about 30
or less car bd‘ﬁ‘e%r\bé’dm@d’d fnalﬁéqs hydragarprpds welkes Bbsiantigllydiydrpaiden govpt gy drpatyh
chht ai n dacbedonaih 00t Hoth ok kSMtatid tﬁﬁcahﬁib&ﬁt@ﬁbx(léﬁs cam,h eome] n RPtherthb&fimdnt) €
g[)??IO[n rhg@rg%aﬁbgl gr(%ragca Rtél(l:lzgll' n?‘c&ea c%r Pn af msralrl]glr| a§01}§ gdnc}é uess a? b(c)]n ai on?sOSurI])% mtila] & rgcartbhe
hydr oca r‘bi?rlbt‘g BiOWRs Svhich eqn@d@emetom oibbtients ef: he@@atelms wiighdlp oetaltds tha P@dmrsmapﬂbtm nt S,

i el- . aldrhidthaacttof the ol?d:éf)/ahd & noﬁhﬁ&i@}ﬂe)ﬂnh@ bt tﬁé/cﬁéa;nﬁ pél?mg lto fox%gaﬁog]aéa{a&%lj
CycCl O- ue , aromatl C- | I C-
al>/| cycl |St"’°? u% s‘%‘??‘ﬁ?s@%iﬂ S‘Hé?'? ?8“p§ é‘ﬁlg‘?e t@’tf& FP8and t he P

20 ¢)) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cyclo-

of

alkenyl) substituents, acyl, phenyl, aromatic-, aliphatic- and alicyclic-substituted aromatic substituents and the
like as well as cyclic substituents wherein the ring is completed through another portion of the molecule (that is,
for example, any two indicated substituents may together form an alicyclic radical);
2) substituted hydrocarbon substituents, i.e., those substituents containing nonhydrocarbon groups
25 which, in the context of this invention, do not alter the predominantly organic nature of the substituent; those
skilled in the art will be aware of such groups (e.g., halo (especially chloro and fluoro, such as perfluoroalkyl,
perfluoroaryl), cyano, thiocyanato, amino, alkylamino, sulfonyl, hydroxy, mercapto, nitro, nitroso, sulfoxy, etc.);
3) heteroatom substituents, i.e., substituents which, while having a predominantly organic
character within the context of this invention, contain an atom other than carbon present in a ring or chain
30 otherwise composed of carbon atoms (e.g., alkoxy, alkylthio). Suitable heteroatoms will be apparent to those of
ordinary skill in the art and include, for example, sulfur, oxygen, nitrogen, fluorine, chlorine, and such substituents
as, e.g., pyridyl, furyl, thienyl, imidazolyl, imido, amido, carbamoyl, etc.
In addition to or as an alternative to the organic material, the active low conductive layer may contain an
inorganic material. Inorganic materials include, low conductive chalcogenides and transition metal oxides. The
35 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;0,), manganese oxide

(MnO,, Mn; 0, etc), titanium oxide (TiO,). This material can be formed by thermal evaporation, CVD, or




like as well as cyclic substituents wherein the ring is conpleted through
anot her portlon of the nolecule (that is, for exanple, any two indicated
subst i t ueRP2 I W8get her form an alicyclic radical): (PCTUBWHUF ]
hydr ocar bon substituents, i.e., those substituents containing
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30 organometallic compound. In yet another embodiment, the memory cells optionally contain an organometallic
compound layer. In still yet another embodiment, the low conductive layer contains an organometallic
compound. Examples of the chemical structures of various organometallic compounds include Formulae (XIV)
to (XVII):
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type of organic-inorganic mxture material can have controlled initial
conductlv Sy @% ad usting the copper ion concentration. Another advantage
over pure"& P4 d%aterials is that organic-inorganic miBEUYRMHEMSal s can
in sone instances have good heat diffusion capabilities due to the
presence of the inorganic material. Therefore, it can allow high current
operation of the resultant device with good reliability. 15 In one

enbodi ment, the new nenp \\Flls contain both inorganic Cu20 and an organic
sem conductor materi gl as e actijve | ow conductive layer. In this

enbodi nment, the Cu2 j bove |t he passive |layer and has a thickness
fromabout 1 nmto Thg organi ¢ sem conductor nmaterial is above
thg Cu20 and has a about 0.001 gmor nore and about 1 gm or

| e§s. I n one enbogdijrent, conductiéfIr ayer contains a thin |ayer
designed to inprove\or 2Q charg ention time. The thin |ayer
may be di sposed any oy hg | ow conductive | ayer, but typically
near the m ddl e of e layelS e tthin | ayer contains any of the el ectrode
materials or the cgompounds of t he |bel ow described heterocyclic/aromatic
conpound | ayer. In jone enbodi ment, |theg thin | ayer has a thickness of about
50 A or nore and about 0.1 gm or ress. I n anot her enbodi ment, the thin

Ig er has a thickness of aQout 100 A or nore and about 0.05 gmor |ess.

For exanple, a ne By contlain a first el ectrode of copper, a 25
passi ve | ayer of cqdppé¢r sulfigde, a |l ow conductive |ayer of poly(phenylene
vinylene), and a s ode df alum num wherein the poly(phenyl ene

vi nyl ene) | ow conddc - contgins a 250 A thick | ayer of copper
therein. In one enjodi the ordanic senk ductor material does not
contain an organongtal | i cf conpound.}] |n anot enbodi nent, the organic
sem conduct or nat er| oAt ai ns an |or gani c polyner doped with an 30

organonetal | i ¢ congoun yet andt her enbodi ment, the nenory cells
op?ional 'y contain jan organanetalll conmpound Iayer In still yet another
enbodi nent, the Ioﬁ conductf/ve Iaye gpntalns an organonetal lic conpound.
Exanpl es of t he ch:~ of various organonetal | ic conpounds

i ncl ude Formul ae ( (XVI1): '35 10 WO 2005/ 011014 PCT/ US2004/ 015945
5A ()v) O1 3
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10 N Ir (Xv) 153 20EEM(XVlI) 25 E "EIl 30 11 ..W) 2005/011014
PCT/USZOQ@/Oé§?45 EIV 5 EEME (XV1l) &FE 101 E_15 wherein Mand E
are as del PP W8e. 1'n one enmbodi nent, the | ow conductBGIEUS2AYMNSMS not
doped with a salt. In another enbodinent, the |ow conductive |ayer is
doped with a salt. A salt is an ionic conpound having an anion and cati on.
Ceneral exanples of salts that can be enpl oyed to dope the | ow conductive
| ayer include al kaline earth netal hal ogens, sul fates, persulfates,
nitrates, phosphajes—and the |ike; alkal}) hal ogens, sulfates,

persul fates, nityates, hosphat§ e; transition netal

hal ogens, sul fafes, persulfates; ates, and the |ike;

angoni um hal ogeng ’ per sul]f at es\ ni tyates, phosphates, and the

| i ke; quaternary Y moni\um hal dgens ates, persulfates, nitrates,
phosphates, and the liRg. |nBne enpadi , the | ow conductive |ayer has a
t hi ckness of about 0. 001M&tor \{‘Dr(;/and out 5 pm or less. In another
enbodi ment, the | ow conductive\N ayer has hi ckness of about 0.01 pm or
more and about 2.5 2E pmor lesM In yet ot her enbegimpnt, the | ow

0.05 pm or nore and

10

15 wherein M and E are as defined above.

In one embodiment, the low conductive layer is not doped with a salt. In another embodiment, the low
conductive layer is doped with a salt. A salt is an jionic compound having an anion and cation. General examples
of salts that can be employed to dope the low conductive layer include alkaline earth metal halogens, sulfates,
persulfates, nitrates, phosphates, and the like; alkali metal halogens, sulfates, persulfates, nitrates, phosphates, and

20 the like; transition metal halogens, sulfates, persulfates, nitrates, phosphates, and the like; ammonium halogens,
sulfates, persulfates, nitrates, phosphates, and the like; quaternary alkyl ammonium halogens, sulfates,
persulfates, nitrates, phosphates, and the like.

In one embodiment, the low conductive layer has a thickness of about 0.001 pm or more and about 5 um
or less. In another embodiment, the low conductive layer has a thickness of about 0.01 pm or more and about 2.5

25 um or less. In yet another embodiment, the low conductive layer has a thickness of about 0.05 pm or more and
about 1 ym or less.

The low conductive layer may be formed by spin-on techniques (depositing a mixture of the
polymet/polymer precursor and a solvent, then removing the solvent from the substrate/electrode), by chemical
vapor deposition (CVD) optionally including a gas reaction, gas phase deposition, and the like. CVD includes low

30 pressure chemical vapor deposition (LPCVD), plasma enhanced chemical vapor deposition (PECVD), and high
density chemical vapor deposition (HDCVD). During formation or deposition, the low conductor 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.
35 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

12




about 1 pmor less. The |ow conductive [ayer may be fornmed by spin-on
techni qu ting a mxture of the polyner/polymer precursor and a
sol vent, e@ﬁezﬂ&’i? |ng the solvent fromthe substratef el FFILY015Yy
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In one embodiment, when matching energy bands, the Fermi level of the passive layer is within about 0.7
30 eV of the valence band of the low conductive layer. In another embodiment, the Fermi level of the passive layer is
within about 0.5 eV of the valence band of the low conductive layer. In yet another embodiment, the Fermi level
of the passivé layer is within about 0.3 eV of the valence band of the low conductive layer. In still yet another
embodiment, the Fermi level of the passive layer is within about 0.15 eV of the valence band of the low
conductive layer. The valence band, in some instances, is the highest occupied molecular orbital (HOMO) of the
35 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.

40 The passive layer may in some instances act as a catalyst when forming the low conductive layer,
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enbodi nent, the are e present invention is
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20 The area size of the individual memory cells (as measured by the surface area of the two electrodes

1

(91

directly overlapping each other) can be small compared to conventional silicon based memory cells such as
MOSFETs. In one embodiment, the area size of the memory cells of the present invention is about 0.0001 um? or
more and about 4 pm? or less. In another embodiment, the area size of the memory cells is about 0.001 um? or
more and about 1 pm? or less.

25 Operation of the new memory devices/cells is facilitated using an external stimuli to achieve a switching
effect. The external stimuli include an external electric field and/or light radiation. Under various conditions, the
memory cell is either conductive (low impedance or “on” state) or non-conductive (high impedance or “off”’
state).

The memory cell may further have more than one conductive or low impedance state, such as a very

30 highly conductive state (very low impedance state), a highly conductive state (low impedance state), a conductive
state (medium level impedance state), and a non-conductive state (high impedance state) thereby enabling the
storage of multiple bits of information in a single memory cell, such as 2 or more bits of information or 4 or more
bits of information.

Switching the memory cell to the “on” state from the “off” state occurs when an external stimuli such as

35 an applied electric field exceeds a threshold value. Switching the memory cell to the “off” state from the “on”
state occurs when an external stimuli does not exceed a threshold value or does not exist. The threshold value
varies depending upon a number of factors including the identity of the materials that constitute the memory cell,
the Jow 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 2
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second gqlkgchfedas deRHc§s, ztznla ?arﬁ&mw Q%Jnh-ﬁé?& Mecﬁ&ﬁcd&égius,va@hieve improvements in portability due

to the small size and light weight of the new memory devices. Examples of hand-held devices include cell phones

—=

and

EtSt t wo

and other two way communication devices, personal data assistants, palm pilots, pagers, notebook computers,
30 remote controls, recorders (video and audio), radios, small televisions and web viewers, cameras, and the like.
The following examples illustrate the present invention. Unless otherwise indicated in the following
examples and elsewhere in the specification and claims, all parts and percentages are by weight, all temperatures
are in degrees Centigrade, and pressure is at or near atmospheric pressure.
Example 1
35 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 A is
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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formed %%adﬂ@%ncﬁm@é?@ﬁ@i‘hg §ML£ épg,‘?flc‘all&n &k atnﬁ'&&lr@elmgg altn \?axgcutla? Ceg{]r% % vanopls

organi c | ayer contal nin acet ness of
9001 as ““E Bﬁfi’f‘a o & 2oxgAsserip CP*B!?%IEF (thsrf@weaa@gcw r@t), ﬂéfdmn%'@rlcmélyer
usi ng C\ADy teéeodneri to) bl Eimans”)Tise! tolfis@ibe @kle@inpadfrs irSinteh®d tabirdsyd, M@ LihbiRe PO! yNET

! ayer. m&% ghy component which performs the specified function of the described component (i.e., that is

functionally equivalent), even though not structurally equivalent to the disclosed structure which performs the
function in the herein illustrated exemplary embodiments of the invention. In addition, while a particular feature
of the invention may have been disclosed with respect to only one of several embodiments, such feature may be

combined with one or more other features of the other embodiments as may be desired and advantageous for any

30 given or particular application.
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Menory cells are forned using an upper el ectrode of alum num having a

t hi ckness of 1,500 A and a 10 | ower el ectrode of copper having a thickness
of 1,000 A. A passive |layer of copper sulfide having a thickness of 65 A
is provided over the |lower el ectrode. An organic sem conductor |ayer

cont ai ni ngIpdMsihenyl acetyl ene and having a thickness of 700 Ais forned
over the passive |ayer using CVD techni ques. The upper electrode is then
af fi xed over the polyner |ayer. Exanple 4 15 Menory cells are forned using

an upper gl ect yodengh FARRE]: JYAXAR Qi BiAlAgss of 1500 A and a | ower

el ectrode of copper having eSS 0 A. A passive |layer of
copper sul fi dephawding adirstleleckiods;s of 251. is provided over the | ower

el ectrode. An ?%%gni c sem conductor, | ayer containing polythi ophene with
Cu2S nanopar t iUFERS 3 RRSHELAY S (KemPrising 3 SORMGtiVEY dacifptingeerpamd pyer thei s

formed ovggstleRRirBES Me/Saskidy Blyet! m% ! Jonl he upper
el ectrode 1|Ss t hen af feil%](‘agd1 ové/re %}é %‘F@@é&%&%&r{?%@a%eﬁt{}%&%‘é?@rﬁe&i nventi on
has been bblesandeldctescri bed with respect to a certain preferred enbodi ment
or enbodi nent i.t iiqﬁbvrigpus t{;gt equi val ent al terations and

modi fi cations WTHSR QY COUUSHER A CIGOMATISHEG dconfgatediorgypnpolymer 9¥idi ng and
under st angiefhssibe labrS WRSGihthe rdabi ARkt iiEAR REN ' i I cular
regard to t@ var i gus f uncti ons pe}ffgﬁ%elg%blygt Ee‘ﬁggg({/%gg?zsrs}vt%gﬁgﬂst
conponent Selgcted dilomeeonduesivedayer having an ebilitetoodonatetand aceaptrat leastoheidf ng  any
reference )y ns').used to describe suc onponents are intended to
correspon 861%5 %?deé;g&fz%nﬁémi%‘@ c%qcﬁgﬁ:’ Lag?rela ,Séif‘ge‘g ﬁ?/%bﬁﬁé’ﬁ%%‘fe 5 éﬁs Ber f or ns
the speci Femd 1bvo aithanatdut DT VIESE vAIBRY baRIBLINENbw Chnductv Mty ki

functional |y equjval ent), even though not structurally equivalent to the

di scl osedcpeaied eraania pelymss is formed by eherigalotaponddpesition ahé reatalyiticl ust r at ed
exenpl ary i pnvention. In addition, while a particul ar
feature géw%gltﬁgné%%yglaﬂ%ﬁa%?hhave been di sclosed with respect to only one
of several enbprbividing 8 secoud blcb@addiser HayloWeon8aitRietg@rwi t h one or nore
other features of the other enbodi nents as may be desired and advant ageous
for any 30 given or particular application. 18 CLAIMS: 1. A nethod of
maki ng a genoryLcq] 116114 Vi Al f . teade: formng a
passi ve | ayer corrpre Pg)?l%ig@%ﬂdgigﬁg Slca?[? 3 P %@E%glc@f) ici) éﬁcﬁgiigar‘r’blﬁtﬁ% K° ﬁe
first el ecompries at least pas séloated frgmrthé gsiup@ondistilpl dfi doppdrauideadirepand accept
at | east oqﬁdof hoig;as d electrons; formng a | ow conductive | ayer

conpri si ngPlad% 3nf gdy gani ¢ pol yner over

3. The method according to claim 1, wherein the passive layer has a thickness from

about 2 A to about 0.1 pm.

4. The method according to claim 1, wherein the low conductive layer has a

thickness from about 0.001 pum to about 5 pm.

5. The method according to claim 1, wherein the passive layer acts as a catalyst

when forming the low conductive layer.

6. The method according to claim 1, wherein the low conductive layer comprises a

conjugated organic polymer.
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t he passive | ayer, wherein the conductivity facilitating conpound of the
passive layer is selected, the |ow conductive |ayer having an ability to
donate and accept at |east one of holes and el ectrons, the | ow conductive
| ayer is selected so that the passive layer has a Ferm |evel w thin about
0.7 eV of 7a valTheaethaNsbceidihd'® d1fM FoNHishH thEpdsaVE layet MEs 2 PRI YSR1E €d
organi c polyner is fornmed by chem cal vapor deposition and a catalytic
action of Wifin shest DV al/evalengecband of theilny condentivadeyst.ect r ode over the | ow
conductive layer. 2. The nethod according to claim1, wherein the
conductivity facilitating conpound conprises at |east one selected from

t he group 8consiTht infeghaf accofidey tosdlifr T&vhesdih YIRS passibé 1§96 haadreaal Rvaul i de.

3. The met hod accordin oclaiml, wherein the passive |ayer has a
t hi ckness V‘f‘&ﬂhﬁ‘ab%ggte‘goé@Y@e%&ﬂpdef@edeﬁpanmbd according to claim

1, wherein the | ow conductive | ayer has a thickness fromabout 0.001 mto
about 5 m 5. The nethod according to claim1l, wherein the passive |ayer
acts as a9cat allhe methdueavconting togldilel, wharein dbunemus dellas a sie afda®f et hod
according to claim1,, wherein the | ow gonductive |ayer conprises a

conj ugat e8> Q004 o] grrraere and abouthemnet ksed according to claim 1, wherein
the passive layer has a Ferm level wthin about 0.5 eV of a val ence band
of the | ow conductive layer. 8. The nethod according to claim1, wherein

the passive. | ayae nfesodeactsrdifg foQ¥8M 1,%}&?@1&&%&1&&@%& tifly Yhgtng band
of the | ow conductive layer. 9. The nethod according to claintl, erein

t he menor §orBBtises gaRpes sulfide. ar ea of about 0.0001 n2 or nore and about 4 n?
or less. 10. The nethod according to claim1l1l, wherein the conductivity
facilitating conpound conprises copper sulfide. 11. The nethod according

to clai m1]. wh&henfetliddeactondinfpon @l 1Y SvheRN @ thedOWRbhEREvE layRPEMAREeY hene.
12. The method according to claim1, wherein the | ow conductive |ayer
conpr i sesPelyacetylene.

12. The method according to claim 1, wherein the low conductive layer comprises a

polyphenylacetylene.

13. The method according to claim 1, wherein the low conductive layer comprises a

polydiphenylacetylene.

14. The method according to claim 1, wherein the low conductive layer comprises a

polyaniline.

15.  The method according to claim 1, wherein the low conductive layer comprises a

poly(p-phenylene vinylene).

16.  The method according to claim 1, wherein the low conductive layer comprises a

polythiophene.

17. The method according to claim 1, wherein the low conductive layer comprises a

polyporphyrin.
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pol yphenyl acetyl ene. 13. The nethod according to claim1l1, wherein the | ow
conductive | ayer conprises a polydi phenyl acetyl ene. 14. The net hod
according to claiml1, wherein the | ow conductive | ayer conprises a

pol yaniline. 15. The nethod according to claim 1, wherein the | ow

conduct i vasg| ay GheemstRéd aR8rding RO1NODT RARMY L LW EBALBARE 1aykP _coﬁ'igﬁse@%t hod
according to claiml1, wherein the | ow conductive |ayer corprises a
ponthiopW@h@FﬁTﬂ@-The met hod according to claim 1, wherein the | ow
conductive |layer conprises a polyporphyrin. 20 18. The nethod according to
claim1l1, wherein the | ow conductive |ayer conprises a polyvinylene. 19.
The net hod9accdieinrghddacebading b clahe!, eitierdii ¢hd OW CRBGMREI1MRT LaMpfiseg@nPr i ses

lystirole. 21
@ POLYS polystirole:
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