1 DEVI CES CONTAI NI NG MULTI -BI T DATA [0001] The present invention clains the
benefit of U S. Patent Application Serial No. 11/384,059, filed on Mrch
17, 2006, and clains the benefit of U §. Provisional Patent Application No.
60/ 697,604, filed on July 8, 2005. [0002] The present invention relates to a
met hod of storing nulti-bit data in a nenory device conprising a

cross-point menory array,ppieESCONTRAIGE MSCRBADATENOrY array conprises an
electric field progranmmabiTe 11T m The present rnventton also relates to

devices ¢ .S} N C - poi "t k kG fine] d
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[ 0003] Bi st|ai84€050! AkE-opNVIAich TENTI06, aid cyintakié barfiaofUN. Pedwdsiedali n, for
exanple, U S. Patent No. 6,646,912 to Hurst et al. Hurst et al. disclose a

data st or digengéwpbieationNm$Piedi g4 allled 88dulyd A0Senory array formed on a

di el ectri ferlal. - PG gq.lqa : onpri si ng
first and@@%ﬁg{eggg Sseggj%'%llftgdr?sr\e/%&géog ect rdo esggrm epaFlébtlg%E& gmg storage | ayer
i ncl udi ng mEmbLakyicorRemPESing AREdISipoint neyeory atrhy veliedeiagiee crossypainf or mi ng a
non-vol atile nmenory el enent at each crossing point of electrodes, fromthe
first and BEBONAESCEMPEses AN RIS Tgldpiegampe ngﬂ% Rerpgpieat BWENRM | ow  and
hi gh i npe C . i € i I-0ar. : , by
applicati ga‘r"l]% r%%a%etasqz\;maﬁlgésgc‘i%érﬁjgﬁﬁfg'n{?ﬂ%s o@%h%%&gggﬂrag(}%ﬁ%lg@maﬁég@?grﬁr ent
density t hyrogighnidbleciiBmositainigenwtithit daecimdreeathoys e wimgrthe samé.udi ng a di ode
junction and a fuse or an anti-fuse fqormed in ,sa]: d st o%)gge Ia%eﬁ. [ 0004]
Not wi t hst AR89 HgBisiable gaeRstPor MV PEGE SECT R H ATiosRd 10y BEEXHBPYt Yienor y
array devi d i gHtquq t kel apd utilize

mul ti-bit %g%éms?grgg’lg@zggonﬁhgsgtéﬂrﬁnéva : eF%g%lg‘ilg%na %ﬁggﬂgg etcdl‘:évg "’ the present

i nvent i on, contpeisihgi ascrpssepdintateraoryeirtagdomord @it adielegtricrsubdtiatdmtatetiat, shd n a
menory device conprising a cross-point m)roagarra%( corrgri sing:. (a)

provi di ng GOHTROMIRREN QLY AERY C?B‘Prlﬂl“g\ﬁirﬁia”gs% S¢S of fransyprsggleciredes o oy di ng
at | east LIS I i i ; e film(i)
di sposed \?\%% ?ﬁ?ﬁ@&éﬁgﬁ%ﬁ ﬁ‘?%@?@%@ iaglr%aﬁé)?l &?\Eéeﬂlnﬁgﬁlaﬁ%s}?yég%ﬂg@bi t ei ne in the
bit |ine dayayorniingaabnivebsile mamonoelembntrae eaah dréssinggradntldfeéectrodesy and (i)

electrically coupled with the at |east one bit. line he at. | east one
word | i ne;irgmdhe f%c% ang Seee e&%?%ctht%e‘%l% G ! e‘ﬁSiSWﬂtcﬁ{lﬁBf’i}wéP?W by

appl yi ng I : 3 b i rgn@zg filmin
at | east ﬁar?g l@@?@gﬁ%ﬁ&fbﬁﬁi‘% gis%?r%%?re ? eggf/efbl%i gﬁy‘pc%'é)égsrt%t%,;%ﬁea% t ﬂIogast one of
t he at | easfia vorite sigaabinythe &drin ¢fa podetatniatd dvemat dankity érrdudlf threemmalat a st at es.
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element, each memory element including a diode junction and a fuse or an anti-fuse
formed in said storage layer.

[0004] Notwithstanding, it would be advantageous to provide cross-point memory
array devices and methods of using the same that facilitate and utilize multi-bit data
storage and retrieval.

[0005] In one aspect of the present invention, there is provided a method for storing
multi-bit data in a memory device comprising a cross-point memory array,
comprising: (a) providing a bit line array; (b) providing a word line array; (c)
providing at least one memory cell comprising an electric field programmable film (i)
disposed within a spatial intersection between at least one bit line in the bit line array
and at least one word line in the word line array and (ii) electrically coupled with the
at least one bit line and the at least one word line; and, (d) writing data to the cross-
point memory array by applying a program voltage across the electric field
programmable film in at least one of the at least one memory cell to program the at

least one of the at least one memory cell to one of at least three different data states.



[ 0006] In another aspect of the present invention, there is provided a
method for storing nmulti-bit data in a nenory device conprising a
Cross-point nenory array, conprising:,(a) providing a bit line array; (b)
providing a word line array; (c) sel ectlng an electric field programable
filmconposition fromformulation A and fornulation B; (d) obtaining an

electric fﬂn@d)(ﬁ(jelgiraﬁgﬂhém%t%fftﬁé BRedint [hvERtore HRE 1s'p?0\flﬂ&i dmeffoagpammabl e film

conpositio providing at least one menory cell conprising the electric
field pr ogmrmmbhl@ -Bit datn {1 § metivewp dedcaanhyprising @pass mmi mewpHeatdyon bet ween
at least one bit ' nd at ast one@\é\ord line in

i |
t he word I‘i"l‘f@msﬁﬁgr 455 %flﬁ?flld q%*)gléf"é%‘![lr?‘fycglig) X‘é@ﬁlﬁl e‘ﬁo {nﬁ e & 1 east one bit

line and thecatg heastrietRld mgﬁlﬂmme fifR dorthpdsitbd frbmoﬂamtlémtéaa
Cross- poi nt rrerr% array by applying ra:}kf)rogram vol tage across the electric

field pr ogﬁoanwlabbxer {(d) wbiaming ah elgstric diekd programmaitle fiastithahe elepigiedie)d cel | to
programthe at ne of the Q one .of at | east

three di ff}érf’%rﬁfn eﬁ 8‘?182051%?@ipﬁ°‘f1§ F%?%ﬁgﬁe%%ﬁgggmgngp%der at

| east Oneth€le!%@ﬁrﬂ’c%lcﬁﬁx@@fanﬁﬁ%l@‘ﬁlﬁl‘%ﬁ%ﬁsp@ﬂ:@ vakIgR b isPatiAGREREGIon Bahgdeai N at
| east one of (i) the at  |east one electron donor and (ii) the at |east one

el ectron aadenst one hislinghiarthe it lipe b@%bh%ild atéeaswebwwdéme uaﬁu: werdrlsien ei t her (i)

the at | east on ctro dono ctron donor s

havi ng di f"fr@ry (So‘feif’cf’é{f 088(9’8&1 F%?S% Py ?ﬁlilﬂs aﬁﬁ]e el ectron
acceptor C\QBHarlin%e&lcP(tf) %ﬁﬁﬁé dhti@o ﬂie%@és”s%lrﬁlﬁﬁe@rﬂir?raﬁra 8y laﬁl(:;lyiiiigfzic Iﬁngraﬁn el ectron
affinities; and, wherein formnmul ation B conprises a binder, at |east one

el ectron denege acipss the cleetaistiielhprograsunatdn i ere@ttloarst onshef F at eastione atl on B
either (i) _contai ctron_donor

Cont o1 e 1BEBOHTEN Yo bhRtub 0Ny Qs Ok G SA! RRnORRR SlonBaf bl L) ther (1)

the at | eaghst Giiee @lFRFdnt Bita ARANR! WhERRI fobRBlafidn AeR&ipristyWbRUEC kf lAstdonor s
havi ng di fferent ionization potentl als; or (ii) the at | east one electron

accept or d@mﬂlqcﬁrég dgpon ang et leagions|clesiren Accsp@Evareintalaanicongic(@iteant el ectron

affinities, no t |nv tlon here is

provi ded Sle%sltg %Ctrorﬁ&nﬁ?an@é E}SZ’?? %t&eacieeéecege&m%r?gﬁp t?r 15 eémrgfﬂtly F’?lhnél array; a
word |ine tartlﬁ@bﬁndétnﬁhd wher8ihl dithpt (iFiht ¥it Rhst PRl réLHbifor cOMPrik& Adeagin €l ectric
field programmable film (i) disposed within a spatial intersection between

at | east o dctropidesors having dtﬁfqremtulﬂ@zﬁmagmenaﬁb ait (1i) deesat lenseongord 1ine in
the word |J ec? arr rc% é :A%)sal as%tr“lloc 1yon a%geioplr_lcg'gc\rl\%égd} eirﬁx%t eﬁﬁghﬁaﬁ one bit

Ton a
line and t eaflf: |ne a8 array

devi ce condffihifiss;dal awﬁér@ﬂiﬁﬁrmlﬁlam BicomiptisdsQriiider, a 1&5@9&8& eléaroihrwnbﬁr aspect
of the present invention, there is provi ded a data processin devi ce

conpri si ngind ag legsging slastronaerspiprayhergindermulation B eHberdieoatins lasshan on,
0.05 wt% of electron donor(s) or (ii) contains less than 0.05 wt% of electron

acceptor(s); and wherein either (i) the at least one electron donor comprises at least
two electron donors having different ionization potentials; or (ii) the at least one
electron acceptor comprises at least two electron acceptors having different electron
affinities.

[0007] In another aspect of the present invention, there is provided a cross-point
memory array device, comprising: a bit line array; a word line array; and, a
multiplicity of memory cells comprising an electric field programmable film (i)
disposed within a spatial intersection between at least one bit line in the bit line array
and at least one word line in the word line array and (ii) electrically coupled with the
at least one bit line and the at least one word line; wherein the cross-point memory

array device contains data stored in multi-bit format.



wherein the cross-point nenory array device contains data stored in
multi-bit format. [0009] In another aspect of the present invention, there
is provided a data processing device gnterfaced with a cross-point nenory
array device of the present invention, wherein the cross-point nmenory array
device contains data stored in multi-bit format. DESCRI PTI ON OF THE DRAW NGS

[0010] Fi quo@]in @8Rth&t Spect D€ RREdAt MvaM Al thar i§lpR&GdddCa ddtebebcBdsayr anmabl e
filmof the present invention; [0011] Fi gsli{r'e 2 depicts a schematic view of
anot her crdssise poinptisiag payosd-Point snemraay errayiéeyieseofghe pregerpyivgation nvent i on;
[0012] Fiqure .3 depicts.a schematic cutaway plan view of a. cross-point array
data st or M iU Cagri TSRy FRVEST RS He st Gn bl eTarEe i ¢
field progoemrallagothéd dsprcto?eedirefehinkentfbnglBivteCt providahedmi pfocessiranay pl an
view of a cross-point array data storage device of the present invention
with a pidsvige anferddasdwithca erosd-poipt megmanhaslyalevice (ofthe peses} invegfigle 5 depi cts

o015 i ooneeoE MBSt ShERGRARY 5 PG PRy VA sRived By REST RNl 2772 ™

device of the present i DESCRIPTIONUBITHE DRAWINGSI cts a cut awnay,
partially expl oded view of a stacked, two | ayer, cross-point _array data

storage dd09tl Kigurerkdepiets asehemagieyigvont avelectde Geldpipgrammapblerfilnrpgur e 8
depicts a tEUtraV\ég?( .n\gg{iéﬁ_al | y expl oded vi ew of another stacked cross-point
array data SPor gé evice of the present invention on a substrate; [0018]

Fi gure 9(gpoHgFighfe Pdepidtandyhenpaictview bijarxir ofisstpuineurey danetoreie st acked
Cross- poi nt .arraﬁ‘ data storage device of the present invention having three
devi ce | dlpuics obhepregpeiniention; [ 0019] Figure 9(b) depicts a cutaway,

partially V4 @W. r - ROI.Q a storage
devi ce of [? gg]gﬂglgrgn%g%%ﬁéﬁe%? @%n %3\??%8‘% %gandgé??ga%g;g&gﬂﬁéﬁx%ggﬁbstrate;

[ 0020] Fi gturegeldevitepifchieSprasent irvaayonivithva @bntinuonoslee pioifield progeymmabter y devi ce
of the present invention with a contiguous electric field programmable film
and nennrfllméel | s isolated by junction diodes; 4 [0021 ] Figure 11 depicts a

cutaway, ey 998gure £Its h e TRARCYABY phh WERLER Gbsk Boint W@k 8atd O
storage device of the present invention with a pixelated electric field programmable
film;

[0014] Figure 5 depicts a schematic diagram of a cross-point array device of the
present invention;

[0015] Figure 6 depicts a schematic diagram of another cross-point array device of
the present invention;

[0016] Figure 7 depicts a cutaway, partially exploded view of a stacked, two layer,
cross-point array data storage device of the present invention on a substrate;

[0017] Figure 8 depicts a cutaway, partially exploded view of another stacked
cross-point array data storage device of the present invention on a substrate;

[0018] Figure 9(a) depicts a cutaway, partially exploded view of another stacked
cross-point array data storage device of the present invention having three device
layers on a substrate;

[0019] Figure 9(b) depicts a cutaway, partially exploded view of another stacked
cross-point array data storage device of the present invention having two device layers
on a substrate;

[0020] Figure 10 depicts a cutaway view of a cross-point array memory device of the
present invention with a contiguous electric field programmable film and memory

cells isolated by junction diodes;



[0022] Figure 12 depicts a current-voltage curve for an enbodi nent of a
menory cell of the present invention, DETAILED DESCRI PTI ON [ 0023] A
cross-point array is a device conprisipg a first set of substantially
parallel electrodes (also referred to herein as "lines") running along a
first direction, a second set of substantially parallel electrodes running
along a sqpond MbhRCHT &pictyReh@ay AkplddbGlel oF thé Slethopy BGFiad@adXed fd | M i s
di sposed withi'n some or "all of the spatial intersections between the

el ect rodesFigmand;he first set of el ectrodes and the electrodes fromthe

anaro. of R0R MRS LETATE s BllT Peef Pt bitdal € iEied = "

enbodi mentsy R pleliit RVesEEH. 1 nvention, the electric field programmable film
is provided as either a continuous |layer or a pixelated layer. In sone
aspects of these enbodi ment s DERAIIERBAESCRIFBIQNpr ogrammabl e fil m has a

second surlPed AP eRRERA R JGREeolPRLL Y dr03elof ShaBil BaR- L "

enbodi mentgectioles @lsb rkfefted 8 hé@¥ini a8 "lifles" Phuasingialodly it @igdctioht disdebgd i r st
surface and the word line is in electrical contact wth the second surface.
In sone asytefsibgantidiyqaralebelgriredes sunningalpng a pgeqad dirpgdipn, whegin@bsed on and
is in electrica ont ac i first . cts of these
enbodi msnteé?c"t“h lelmx?f%lgr?litnﬁn\gbge:}‘rl%{;ﬁidégp 8i§esd p\i@ﬂgé@%ﬁe gkgll ?’gﬁﬁ%ﬁsgt?%ct rical contact

with the isgeRBEorsWetved. thd OI0AR]ded idnt dE Mdst s& E@ldctrodds adupe elegtrodes used
herein and in the appended clains _enconpasses ohm c contact, capacitive
coupl i ng aften dhe sepensceet obeledtgsies ard furthopwhgreindbe figst gireetianis aban ngonded” as
used herei L i enconpasses coval ently bonded,
ionically Cgolfltgggbgﬁ%%@rﬂggg%%g%%%ﬁ[ 0027] The term "derivatives" as used
her ei n and00M]tlasomp Raitddimeitabithe ptedert éfvenheaog,ahe tlectdio felect ron donor or an

el ectron acceptor, encoppasses. chem cal npdifications and _anal ogs of the
r ef er encedre@Eibke Ao isorayided avqitheha sentiyeny layeras aqixelptsd béffean% e,

i soners, ¢ i i.tut i : i I on donor
or el ect rosjr%)ﬁ{yfg ecpt)s‘tg%#r)[ﬁl&se < Hg%ﬂ@%qtf}%éggcéégﬂ? @%éb%f}r%%}aaﬁkoﬁﬁﬁ%oa?%ﬁ ated into
t he bi ndersugfacaandwseoomd sutfiice, whd€iadhe fint safiee anddiseeoiidsuefhcd e present

i nvention, the binder exhibits a dielectric,  constant of 2 to 1000. In sone

aspect s ofSubﬁé%t&“é‘r%%ﬁehe@?t@{netaﬁ%“ﬁse‘?f%% embofﬁ_ﬂi’éenﬁs’ _}Bbee@éhlﬂe YR on furt her
conprise sglagly @Qntgctvagﬂiﬁg‘?qét%Bgé(cerh?lﬁ'tﬁé)&gféﬂ‘ide"i? iPL1BAGEal RN

di el ectric constant of
the second surface. In some aspects of these embodiments, the bit line array is

disposed on and is in electrical contact with the first surface. In some aspects of these
embodiments, the word line array is disposed on and is in electrical contact with the
second surface.

[0025] The terms "electrical coupling" as used herein and in the appended claims
encompasses ohmic contact, capacitive coupling and/or inductive coupling.

[0026] The term "chemically bonded" as used herein and in the appended claims
encompasses covalently bonded, ionically bonded and hydrogen bonded.

[0027] The term "derivatives" as used herein and in the appended claims, in reference
to an electron donor or an electron acceptor, encompasses chemical modifications and
analogs of the referenced electron donor or electron acceptor such as, for example,
isomers, chemical substitutions, and instances in which the electron donor or electron
acceptor is chemically bonded to a binder or incorporated into the binder as a
monomer unit.

[0028] In some embodiments of the present invention, the binder exhibits a dielectric

constant of 2 to 1000. In some aspects of these embodiments, the methods of the



[0029] In sone enbodi nents of the present invention, the binder exhibits
sufficient chemcal and thermal resistance to withstand processes invol ving
the deposition of netals, etch barrieg |ayers, seed |ayers, netal
precursors, photoresists and antireflective coatings. [0030] In sone

enbodi nents of the present invention, the binder inparts a |ow |evel of

el ectri cal preRAeGEMItN Hirthér dofehrt edbdting of fuflithdHtADr ffedddactivd bthésdd permits
for a loading of a sufficiently hlq%h concentration of electron donors and

el ectron d@de}gtaﬁlslectm cendtnteofd 8 dfl00ci ent | y hi gh conductivity through the

o Fonss 119528 BEBRAMIRAIe il bithe Peclivehlifn dhd EELENGRIEIARTRECD OF the

at least t es can I Scer ne sone aspects of

these enboghentdal and thbﬁnﬁlreﬁitamdeab “ﬁthsﬁu@prdteisys aivolvigy thbidaptasitiansofl ess t han
or equal to about 10-10 ohmlcm 1. isagrre aspects of thes enbodi nment s,
the sel ectPgdlsottch herrist lyess, SeFﬁéay&SeE‘F Rrequiers( Byotoresigts@ndct r on

acceptor (s ?Qﬂ ive | oadings thereof, provides for the ratio of the
el ectri calgn congﬁbfl Vi k’gé bet ween adj acent data states to be > 5,

al t er nat i vVi@D§0PInkofhe ealtiodimatts vithy preseriGvention3lig bﬂndelsimrmrte ablodileweht s of t he

present invention, the binder is selected from for | e ollgorrers
pol ymers: 9fistrsab conguridyinniorthe eleipis i vipgprggragn@able gl"@)ék SE"SB@I Oh#rs, random

copol YITer Sioa@h bt a SHRBIKIP hith h&dnia nge&bms&ﬁ)n ddnBRY BRI o iecpfRDI Nt | ons

thereof. In so aspects © hese enbodi nents, the bin is sel ected from
or gani ¢ potoyenetls a suffmnegﬂmlnglpmnyluﬁr\atyahtd)ugbﬂm ahettii ofieldtphegreminabie Slone

aspects of t es npodi nent s, der. i s_an r ani c po In sone
aspects ofSOf g‘w’eg‘gﬁfﬁ%? esn e?‘ﬁ'e"tjﬁ{‘]%ﬁé?asfgu qtgﬂf‘ﬁéﬁg‘bi’%fﬂW%r [0032] In
sone enbodi;NRAleY. qﬁ s&h@aweeé%mhas@xﬁe&dl%mstme erycﬂ%rcdlﬁiuab@fy Gahéy bonded,
alternatively coval ently ‘bonded, to a | east one of the electron donor(s)

and/ or  atbihdms¢ leenthawbr ectualmaémtltb(h aahuelpnnr(la)sombmsmrsmfabqsects of these
enbodi nents,, the at  |east. on tron. don and/ or the at | east
oo or T neahine Bt e SRR CLy b ER E R ASERGLAN HoHrOT cast - one
segment ofackstﬁo}eg)raﬂarthe Jemtﬁer@adﬂﬁg@eﬁéréof%mm%?or tm%'o@%aectﬁm at |east
one of the el'ectron donor(s) and/or the at |east one of the electron
accept or ( sondsctivity deevtenadpoemtakita statet tolbeasi, altamatieg rent00oalterhaiveiynder .
[0033] In $ % enbodi ments of the present invention, the binder is selected
from pol i ncludi ng, for exanple, polyacetals, polyacrylics,

pol ycar bon@bgs) In sBRleXsibouanGsts ok b@e%&rﬁﬁﬁvena&h WRGTH SN is Bélleé/t@d"ﬁ‘éﬁi mdes,
pol yaryl ates, 6 pol yaryl sul fones, polyethersuifones, polyphenylene sulfides,

pol ysul f onfetgmpbao bligometaspolypeisyionhaeishilehdsimepo copaymars (agr. ddadky | enes,

pol yet her kEt Oln mers, l1?'c1nd>6(rant po%roly%tler}se rg%z?flt copo?Ymers, star copolymers); inorganics and
combinations thereof. In some aspects of these embodiments, the binder is selected
from organic polymers, inorganic polymers and combinations thereof. In some
aspects of these embodiments, the binder is an organic polymer. In some aspects of
these embodiments, the binder is an inorganic polymer.
[0032] In some embodiments of the present invention, the binder is chemically
bonded, alternatively covalently bonded, to at least one of the electron donor(s) and/or
at least one of the electron acceptor(s). In some aspects of these embodiments, the at
least one of the electron donor(s) and/or the at least one of the electron acceptor(s) is
chemically bonded to at least one segment of the binder. In some aspects of these
embodiments, the at least one of the electron donor(s) and/or the at least one of the
electron acceptor(s) is covalently bonded to at least one segment of the binder.
[0033] In some embodiments of the present invention, the binder is selected from

polymers including, for example, polyacetals, polyacrylics, polycarbonates,

polystyrenes, polyesters, polyamides, polyamideimides, polyarylates,



pol yet her ketone ketones, polybenzoxazol es, pol yoxadi azol es,

pol ybenzot hi azi nophenot hi azi nes, pol ybenzot hi azol es,

pol ypyr azi noqui noxal i nes, pol ypyronel ki ti m des, pol yqui noxal i nes,

pol ybenzi m dazol es, pol yoxi ndol es, pol yoxoi soi ndol i nes,

pol ydi oxoi soi ndol i nes, polytriazines, polypyridazines, polypiperazines,

pol ypyr i digaggarylp@Fotiel, Aoy edhed s fonps) |pkéI}dphaMJé1ﬁ5‘sulfRﬁls MiNysaoh&s polyimides,
polycarboranes polyoxablcyclononanes pol ydi benzof ur ans, polyphthalldes

pol yacet alRs, yqﬁmryradmapliy%@ uprseihyiengs, pebstherketqnssyralyaiereeaiaionss s
pol yvi nyl paoof%?'kéonel% Y, BX@B%QQ{& épagé%d biegal i des, pol yvi .”y'

nitriles, yVvi n ers, ysul fi des, pol ythioesters,

pol ysul formﬁybepﬂithmmhbpm}dmnes mybﬂmzemmzolpalppwpysmmmmalimml ysi | azanes,
pol ysi | oxanes, and conbi nati ons thereof [0034] In SB/ DfSm)odlmsnts of the
present i rRebYRYrsRe Litimg eérPfﬂé‘ﬂmp%xaém%ﬁ@hyﬁ?ﬁ‘tzl‘mldéé?léi’tp@ MBS or exanpl e,

o Yot RO e BOUUBRb ISR A RS, $ERRFrdarblalr Sne

acrylonitrile, yS| oxane ol yester- erimde

pol ymet hy| potypiperasihes ﬁelppwdind:sozoalwmpendmwmelyhmlqsmqlmrmm, and

conblnatlon? t.her eof OOBEJ In sone en?%gg S ofoﬁ1y sent invention,

t he bi nderPAlXcadhoranes RP1YPXRICYFHORPRANES PG PW[H% R Fg‘é‘??é‘ &Spects of these

enbodi ment 0 e
p%mgtag #Mg&ﬁ@er dAlss, Pg{;@ﬁ@% Eﬂpglggl%&yt tﬁ%ﬁle?ssesgwﬁlgpslcsm§

enbodi nent’s e b conpr po yners rein one of the
at | east tpubyynylyketwmss, IpSl}G’htmﬂleﬁdldsypdininyl nitriés; polyainyledtsrscoval ently bound,

to an el ectron onor r, an ectron a tor a erejn one of the at

| oast o RUIPHERES) soHtEnE RoBURroaR. rEGGRIuMe: SPINEmES® oi ther ¢ ho

el ectron d&f'ﬁ{ & p& RAYeRES BBl Silazahdd JRIRACARI QmbiaRfs Mgl nent s,

t he bi nder coﬁ%rlgegﬁg%b egst Fmg Sga ne@gyﬁmhereln onénéf thg at least two

pol yners K@3ﬁﬁﬂmnmakhﬂmﬂnmmdsoﬁmepﬁmanumehymmohabmdmhyabop@dmeto an
ot her . one .of the, at rs.is chemcally

| t d d
bound, ol el JO RN nls, AP o s Rt A bl B B o o

aspects Ofst&r@%ﬁ:r?@ﬁfﬁqle”ﬁ‘d’l&ﬁnﬂ&@@ly@?lﬂaﬂé %lycéfster-!ﬁgiy)éfl%flﬁllﬁém' oyed facilitate
the fine tuning o properties of the el'ectric program"rablefllm

For exanplImlymethslomwasﬁetctp@l)aﬂoxmsmlewbthdnmwtyslonahe anp@bylmatlmlm ure is
sel ected tg ba%ance the charge carrier density in a given electric field
progrannab | m conposition. [0036] In sonme enbodi nents of the present

i nventi on,[0bks MRisBEEenibddAndhtXSUhE pREent PRINBH, She bidd&dEBela&PE &b Of these
enbodi ments, the binder is selected froma 7 m xture of polyners sel ected

from for mwduresef pmyﬂsom $Qm¢ aspels aﬂt}@mrsqumn@tﬁ thyel plymers are

pol ycar boncags%{lraﬂ? rbYe. Olglsg)rrnlelagpe%ys &C%hgsg% {n(laerlll?s thecb X(iecr) rélortnrplrlses al;t)lljeta%ltdI ene
two polymers, wherein one of the at least two polymers is chemically bound,
alternatively covalently bound, to an electron donor and/or an electron acceptor and
wherein one of the at least two polymers is not chemically or covalently bound, to
either the electron donor or electron acceptor. In some aspects of these embodiments,
the binder comprises at least two polymers, wherein one of the at least two polymers
is chemically bound, alternatively covalently bound, to an electron donor and another
one of the at least two polymers is chemically bound, alternatively covalently bound,
to an electron acceptor. In some aspects of these embodiments, the mixtures of
polymers employed facilitate the fine tuning of the properties of the electric field
programmable film. For example, in some aspects of these embodiments, the
polymer mixture is selected to balance the charge carrier density in a given electric
field programmable film composition.
[0036] In some embodiments of the present invention, the binder is a mixture of

polymers. In some aspects of these embodiments, the binder is selected from a



styrene/ pol yvi nyl chloride, polyphenyiene ether/polystyrene, polyphenyl ene
et her/ nyl on, polysulfone/acrylonitrile-butadi ene-styrene,

pol year bonat e/ t her nopl astic uret hane, 7pol ycar bonat e/ pol yet hyl ene

t erepht hal ate, pol ycar bonat e/ pol ybutyl ene terephthal ate, thernoplastic

el astonmer alloys, nylon/elastoners, polyester/elastoners, polyethylene

t er epht hal aix@ireef yolyinktseRR ctearfegpht fapkaintple, el HifrRé-HEtad¥RE-styrene/nylon,
styrene- nalelcanhydrlde/acrylonltrlIe but adi ene- styrene, polyether

et her ket orolyserbpattelaesiomisie-butadisngstyrsectasylapittls bugsisnst hyl ene/ pol yacet al

and conbi r [ present

i nventi on, %?%%6918"??2‘32@ c?ﬁs)gr}idﬁ 8825 W@ggfﬁﬂg‘gﬁ)?? ‘;};O%ﬁ% E?c material. In
SONe as pe%&r@&l&h@@?s&ﬂh@ﬂbmﬁsﬂe-bh‘tedlbhdﬂd?feneC}QﬂWalrlS(ﬁﬁteaﬂheﬂrm@ﬁztsuone of a
silicone and_a sil sesqui oxane nbodi nents of the present

i nventi on, urﬁth@l%Pﬂ]dé%be%aWHﬂb’F‘ihbiﬁaF Fezaﬁl?liaéate,fp&brqamoaﬁ@ /plyhugdene one of
crossl i nkiy htﬁmﬁ{y ﬁl%l’r}igﬁgﬂlcr@as%rﬁ{} Ay gf@%@@@ﬁm eqolye%&?m g@knepsond' hg
g w an

with an eI ec ron acce coval en ectron donor

coval ent Wﬁﬂewtéﬂ&pmhaﬁteemﬂymmylmmmmrhalam as@aleelesdmoel, ment s of t he
present invention, the binder is _a_ polyner or conblnatlon of polyners
having a rﬁmﬁ@rmaw@mgkl%&cadmlgrlemaame-&yr%epq ¥ethe00, 000 gr ans/ nol e;

L o SO R, ARO[ 100 o0

grans/nnle 91 In sone
enbodlnenu$nﬂﬁmﬁMGsﬂm&$ént invention, the binder is crosslinked. In sone

aspects of these enbodi nts crossl i nki.ng occur,s .t hrough reactions at
funct i onall0 émdwor@ﬁémbe me;ntso%tﬂggaresm%vreﬁ%? &8 ingenis pRIEAICided, to t he

backbone qfutiif iRbAYRE ma i OIPANEEES: Of ERSIHRARATL TREbRde! he

crosslinking rough non-coval ent bonding. In sonme aspects of these
enbodi mnenteomprises attbeasdme ofSa gdhiass lahd k edsesguiogpna. crosslinking agent sel ect ed

froma sil nlcaII unsaturated resin, m nopl.ast resin,
bhenoti o 1B0GHdRGPS eaing by BESF IanRpbe DT ‘e SHSTRERIZGH ¢ her eof
[ 00401 | n sqngesiogdt Gﬁe”&fscré’ishmﬁ Rihemsiat bbrﬂﬂx?é‘%vitﬁ'an eldioflSRd 1 ¢ field
programmabl e film conposition conprises a crosslinking agent. In sone

aspect s ofchemivasborehmgwithenekectromeceepwctaovalefit k@lndlqgr\mgr aneledtren dlodom
conposi tion conHa|Q§ g Ol.bp 0 w % alte&natlvel % @HE

al t er nat i VBfPOYRIgNEINGIE tyith ang ?“é?oﬁ‘aﬁcf?}’é Iy 't Sp1ge ?m peptsdds H‘i? agent s
(based on jhadibn Stﬁé bRk 15% ér dr cbﬁlbﬁﬁﬂ'@n gf’f%lsjhl@%rﬂa%n%fa AuiEbdRr esent
invention, the electric pr ogr anmab | m conposition conprises an,

opti onal , aveiage svlicolar a\(ﬂlght gé ﬁ@@ ot bﬁOO 000 grams/mole alternatively 3,000 to
500,000 grams/mole; alternatively 5,000 to 100,000 grams/mole; alternatively 10,000
to 30,000 grams/mole.
[0039] In some embodiments of the present invention, the binder is crosslinked. In
some aspects of these embodiments, the crosslinking occurs through reactions at
functional groups chemically bonded, alternatively covalently bonded, to the
backbone of the binder. In some aspects of these embodiments, the crosslinking
occurs through non-covalent bonding. In some aspects of these embodiments, the
binder is crosslinked using a crosslinking agent selected from a silane, an
ethylenically unsaturated resin, an aminoplast resin, a phenolic, a phenol-
formaldehyde resin, an epoxy, and combinations thereof.
[0040] In some embodiments of the present invention, the electric field
programmable film composition comprises a crosslinking agent. In some aspects of
these embodiments, the electric field programmable film composition contains 0.01 to
20 wt%, alternatively 0.1 to 15 wt%, alternatively 0.5 to 10 wt%, alternatively 1 to 7

wt% crosslinking agents (based on total solids).



In sone aspects of these enbodinents, the addition of an acid and/or an acid
generator catalyzes or pronotes crosslinking of the binder during curing of
the electric field programmable filmg¢ln some aspects of these enbodi nents,
the acid is selected fromaronatic suFfonic acids (e.g., toluene sulfonic
acid, benzene sulfonic acid, p-dodecyl benzene sulfonic acid); fluorinated

al kyl or gnesmthGomblh®Bilncdel Stshe pRséht inventiéi, ihdlQeare R benzene sul fonic
acid, triflic acid, ﬁerfl uoro butane sulfonic acid, perfluoro octane

sul f oni ¢ aedgirmmahls fdentsimpasitimscontpsisesodn, optionabreidangdadagidogenerass e
enmbodi nent.s, the acid r . 1S, a.ther .d.. r..qel ected from
o a4 ot a el SRS IRAE LAbBirlche 8GR B b AHERELP hPReRE F

tosyl at e; gefierdtor cataBREYdr fromptediciissiaikingcofthe badeodaidghairi@glof tHen some aspects
of these enbodinents, the electric field progranmmable film conposition

cont ai ns Gl@trig eld progrpmymahletfdmn dpisgap psiects of thege grmbpdimantss Higtacldelsy 0.5 to 5
w% alter i . %: i i e on total
solids). [Sgggffiﬁ%oﬁn érghn%tlgﬁﬁfgﬁlcngﬁ? g(e%?’dtio gnésglgg)erlgct &?%\%ﬁﬁ%%ﬁﬁ?ﬁg el ectron

donor (s) aickl, psidessshzEmcosnl nichucal) sieirinaeddragityh oahismetic saHonic acids

4, 4"  5-trinmet ﬁyl tetrathi aful val ene; . bi sgjftl_hyl enedi t hi o) tet rawi af ul val ene;
p- phenyl er@& &nFifaoromstindbenzene silfori acid, aaflicagidppernaro uitane supopicny |

car bazol e) ;. i r ; ; . t

tetramet hyafc%&é? %@éﬁeﬁ%ﬁel s@&?@ﬁé"mﬁ)ﬁgﬁ%{% gﬁéﬁ@? 1;eéln;'e{nesrcl)o eualS %1 Secr)lfe;

8- hydr oxy qhiése@hribodim it thyd acid genecoorcs adhermablacsd perdeaatomsetecthdefsom

N, N - bi s(3- net hyl phenyl ) -N, N -.di phepyl benzi di ne; phenot hi azj ne; substituted
phenot hi az%ﬁéé'@é%?{nowq}%ﬁdlﬁﬁ%é zam tﬁ%‘ﬁ?t%%ffl@f?g’?n@’éé?fé( t:hyl ene;

acridine; 4.t . i e £

2 amino- | FE P RPBATRY S5 BULATMORNEISR ol BRgme “BERRO 0%a A N (e g
N-vi nyl  AlXENdimetes, itiatleates fiehigpregdamnaabit Slombompdsitoorscontdiey @61 to [©043] I n
sone enbodi npnts of. the prese invention, the el ectron donor(s) s an

el ectron braﬁta’é‘F‘PY/%{Y |%Jet°§n@%@é'ie¥‘$?“8%lﬁ ﬁds 3025 ‘_31%1' ?ri[ﬂ’é‘%at‘_("ﬁ]é(ﬁe'ioni‘%"f/ér and in
the clai ”Bacicfﬁﬂ?cﬁ%@ﬂtg’éﬂeﬁYor"(Sis%@Bﬁ@&al%ﬂ@s!). derivative-binder"). In sone
aspects of these enbodinents, the electron donor derivative-binder is

sel ect ed f[0o4a] 18 -samt lembodineanixt ¢iythe mesdraarvehtaome te ¢ydramxdoabh(y) are

met hacryl at e/ 3-(tri met hoxysil yl). | | ,@qcr | at.e t . DO r, a
qui nol i n- 8¢ Fted&:@h%‘gbﬁ?ﬁ‘&%&%ﬂg’%ﬁl%&&’%%’ nré‘t‘%é}@flﬁ?ltrﬁﬁ“é Biﬁ%gﬁﬁmr; a
9-anthrac %ﬁlemgmédmﬁ@wmgﬁyﬁuﬁta&/na;;klmé@??ﬁleaﬂawinémaﬂ&%ml sabgitgRRol ymer; a

qgui nol i n- 8- met hacryl at e/ 2- hydrioxyet
met hacr y| aaagoel (¢.gabkioxysichbazbleprtopathiotattabenes héxatrethtleargetener ; a

9-ant hracqnenet Mt TEL ORHNALE e faddhieh B &k ho RLGE ! at e: and
8-hydroxyquinoline; phenyl azorecorcinol and similar azo dyes;
N,N'-bis(3-methylphenyl)-N,N'-diphenylbenzidine; phenothiazine; substituted
phenothiazines (e.g., N-vinyl phenothiazine); pyrene; acenaphthylene; acridine;
triphenylene; phthalocyanine; 2-amino-1H-imidazole-4,5-dicarbonitrile (AIDCN);
substituted AIDCN (e.g., N-vinyl AIDCN); derivatives thereof; and combinations
thereof.
[0043] In some embodiments of the present invention, the electron donor(s) is an
electron donor derivative chemically bound to a binder (hereinafter and in the claims
represented by "electron donor derivative-binder"). In some aspects of these
embodiments, the electron donor derivative-binder is selected from
9-anthracenemethyl methacrylate/2-hydroxyethyl
methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer; a quinolin-8-yl
methacrylate/2-hydroxyethyl methacrylate copolymer; a 9-anthracenemethyl
methacrylate/2-hydroxyethyl methacrylate copolymer; a quinolin-8-yl



conbi nati ons thereof. [0044] In sone enbodi nents of the present invention,
the el ectron acceptor(s) are selected from pentafl uoroaniline;

pht hal ocyani ne; perfl uoropht hal ocyani ng; tetraphenyl porphi ne;

2- (9-di cyanonet hyl ene-spiro [5. 5] undec-3-ylidene)-nmal ononitrile;

4- phenyl azo- benzene- 1,3 -diol; 4-(pyridin-2-ylazo)-benzene-1, 3-diol;
benzo[ | , 2, hdthiviradictz by drodycthyingahfeoylhter3-(témethekyAls))pragUieddcriitbane;

qgui noline; chlorpromazine; fullerene C60 (e.qg.,. Buckninste{fullgrene C60) ;
ful | erene terpolymergp 9-anthiraeRemeth Ky methpaylalee 2 gRplin-8-yl-methacrylate; an

peryl ene- 3, 4: - arboxydiimde; trinitrobenzene;
2-(3-Nit roc-oéjé)%%al %P%gltﬁfae}%?nnl ononitrile; hexacyanobutadi ene; anhydri des;

deri vat i vee044jrid sompleimbatiinonss dfithe prekert inveatien, alspeettsordcceptoge) aebodi nent s,

the electron acceptor(s) are selected fromfuy]lerene C60;, fullerene C70;
deri vat i veslected dewt peréwawre@%%gﬁﬁ’emyzt% @6‘1’%‘0 ng@!ﬂoqyan%m embodi ment s

of the pr hi@n, the electron acceptor(s) are selected from for
exanpl e, gﬁﬁ%ﬁl@égﬁ éll anhydrides, imdes and diimdes (e.g., phthalic,

especi al | y2-tShdisgansintethylertead pixggh §]unded-Brglidémegrmapgronrteld; i t i ¢ di anhydri de;
napht hal ene- t et r acaboxyl i c- di anhydr.i de ; -

per yl ene- t&PheRy B%ﬁg}:fqne-ld%-amivg{nya@}fr %’%’% @nzﬁ'é‘?iiéqﬂplnpnes (e.qg.,
tetra- hal qgenat eds afghil Rid-26YA0L &ﬁﬁﬂéf;%ttkaee?ﬁdquﬁﬁﬁhﬁaﬁﬁw; QeMSne;

b
ant hr aqui nones; " cyano- conpounds (e.g., racyanoet hyl ene (TCNE), TCNQ
Al DCN) ; nidhtaprooezpeufidisrdna\isn (. @it Bhdkasinstetinlészensi Cob fgllaemsCldeg.,, benzenes,

e e S RSO o) GRS LR B e b M PRhSRS he

1, 4- bi s( phephs-banyideaepaanabnitnyle hadeRRobithALRY aRh RRIdes; deriatives- t 11 azi nes
(e.g., halogen and cyano derivatives thereof); al pha di ketones (e.g.,

i ndanet r i cand)combinatiang theeeof.vht sowesaspenttioicthedsiemettodonents, leg eedtror 0046] I n sone

enbodi ments of the present.invention, t electric .field rogramrabl e film
conpost &1 e e ER o 1Rl DBp5rE oS Pt Vel y < 0. 4
wt % al t erdyaddiSions thefbop M % alternatively < 0.25 wt% alternatively < 0.2

W% alternatively < 0.1 wt% alternatively < 0.09 wt% alternatively <
0. 075 w %[0843ldnsame ¢albpdiments @Fhoposent éxenben, denele¢izon gdserter(siate t ot al

L) R IR Rl BT
al ter nat i vigthalic, &pecisflybhos@WwitB UaldgéRd on the Qing; Whi¥inedltcadinalyidvigey < 0.3 wt %
alternatively < 0.25 wt %
naphthalene-tetracaboxylic-dianhydride (NTCDA),
perylene-tetracarboxylic-dianhydride (PTCDA)); benzoquinones (e.g.,
tetra-halogenated and tetracyano derivatives); naphthoquinones; anthraquinones;
cyano-compounds (e.g., tetracyanoethylene (TCNE), TCNQ, AIDCN); nitro
compounds having at least three nitro groups (e.g., benzenes, naphthalenes,
trinitrofluorenone, nitrated dibenzothiophenedioxide, nitrated phenylsulfones);
poly-sulfones (e.g., 1,4-bis(phenylsulfonyl)benzene); viologens; viologen salts;
1,3,5-triazines (e.g., halogen and cyano derivatives thereof); alpha diketones (e.g.,
indanetrione); sulfur; derivatives; and combinations thereof.
[0046] In some embodiments of the present invention, the electric field
programmable film composition contains < 1 wt%; alternatively < 0.5 wt%,;
alternatively < 0.4 wt%; alternatively < 0.3 wt%; alternatively < 0.25 wt%;
alternatively < 0.2 wt%; alternatively < 0.1 wt%; alternatively < 0.09 wt%;
alternatively < 0.075 wt%; alternatively < 0.05 wt% electron donor(s) (based on total

solids).



alternatively < 0.2 wt% alternatively < 0.1 % alternatively < 0.09 w %
alternatively < 0.075 wt% alternatively :< 0.05 wt% el ectron acceptor(s)
(based on total solids). [0048] In s enbodi ments of the present
invention, either the electron donor(s) or the electron acceptor(s) are
provided in relative excess. In sone aspects of these enbodinents, the

el ectric flogdr 1n'seme2MBEBINLetd bthe prBaH iitveationithd ele@fit dield a hi gher
concentration of electron donor(s) relative to the concentration of electron
accept or ( sprogrammablaiglmneqrapesitisf confrirse< vp g plerpatively RO 2Bt ric fiel d
programmuabl.e fi.l Si.ti i) ojnsg,'n i r tration of

el ectron aaétg{anﬁ%%&(séc&ggﬁé?}‘ll}grﬂ?t\({)\éetl%é%‘con/é’ear%fégg’ftt?g So?'%gl%gg(f’ron donor(s). In
sone as peCzilQnﬁfiv&lPe_fS@Z evb ditematively kloel weoydenatiatiycn0.09 wibg el ectron
donor(s) in the electric field programmable film conposition is 0.002 to
0.1 pnol / redternatively fad-0 Ve opaltrmmativalyos 9. Oty nelectiantaseepiei(vdPgsed@noos to 0. 05
nol / hg; alt‘i)?a'l g(?}d's ely 0.01 to 0.05 nol/hg; and the concentration of the

el ectron acceptor{s) in the electric field progranmable film conposition is
10 to 3000098} Ingomaletthodakéntedfythd Present 2@ ntion /cither the tcrnan dumdris) 0 to 150
nol/hg; alternatively 25 to 125 nol/hg, alternatively 25 tq 100 nol/ hg;

al t er nat i ViBf §legioon %FcthGEfs)rﬁFPFfdldqddnégg%Vea@‘ﬁ%t 311 I H%@tséﬁ%ﬁ? ments, the
concentrat] 10 j : ' el

o ogr amman" et ahe SRk Tl FOGRBIAIE irh Bb i PR (i BHRRer | o 005
to 0.1 nolddngentatibebfiatttval Jordr@Pizldtive @o the contenlrgtion af ¢lectroat dceeptyr(§). 01 to
0.05 nol/hg; and the copcentratjon of the elgctron dono erq)l in the electric

field progharmsssrects Aiihess spbefiments: the elestigniddprogpmmpblefilnr natively 10
to 200 nol -k ternati : : o A\ 125
pnol / hg: éoliﬂtgpeorsﬁlé’%ﬁ‘g%h%g{ Ynitfertdnd ﬁég"’éf %lg?tﬁ(g’t%cgéeﬁlt@oﬂtagv%g’o&gml / hg.
The sel ectdomnemfatiombéelaetrort donpr@y i isosleaspactrofdbase efrbodonerdd, ot r on

acceptor(s) in relative excess depend n.th ecific ectron acceptor(s)
and el ect r%ﬁ’?c%WBP{‘ Q%M’G§ trqQ dﬁ)_é?rfs_%é%at?r’??etcﬂép ﬁ%lé@r%é@nwﬁis fﬁfn charge carrier
(el ectronsespddoRsd 9.0 tIQY I AR! Neerdives RS0 0OV umblIBE Mterratiyéls Pel i eved
that, for exanple, 1f an anthracene is an électron donor and a fullerene is

an el ect r dh0Giclodhd opmalibg;tatternativély Addrie 0i05 ymalitigdent the corcamtratiombhit i ve to
the full erene, the predom nant charge, carriers . w be hol.es that traverse
G vl dus 6 Steptkalrad2e S8Rt Rt ofORE G kRtRanld il PomASH G Do o

ant hr acenes(gr /hgCRmMRAIRRIY 10 to 2005uREM e RIniihaly 14 tAr508LIBEIIHLON acceptor is
t et racyanoquilﬁ%kgi r%ét hane 11§y(TCNQ)O%Jand agﬁ el ect royn donoroq% S phggnot hi azi ne

and TCNQ idteprativelg@d to A25 ginal/hgmltematively 25tth é 0) pewdhg rawimativalyd® toarri er s
will be elegctrong, transferred fromthe .phenothiazine to a.small nunber of
TONQ g1 oupl00 PR 1ASGRE ek of LR Poq PERfats concehtralith B e

electron acceptor(s) in the electric field programmable film composition is 0.002 to

0.1 pmol/hg; alternatively 0.005 to 0.1 pmol/hg; alternatively 0.005 to 0.05 pmol/hg;
alternatively 0.01 to 0.05 pmol/hg; and the concentration of the electron donor(s) in
the electric field programmable film composition is 10 to 300 umol/hg; alternatively
10 to 200 pmol/hg; alternatively 10 to 150 umol/hg; alternatively 25 to 125 pumol/hg;
alternatively 25 to 100 umol/hg; alternatively 50 to 100 pmol/hg. The selection of
whether to provide electron donor(s) or electron acceptor(s) in relative excess depends
on the specific electron acceptor(s) and electron donor(s) used as well as on the
desired type of charge carrier (electrons or holes). Without wishing to be bound by
theory, it is believed that, for example, if an anthracene is an electron donor and a
fullerene is an electron acceptor and the anthracene is provided in excess relative to
the fullerene, the predominant charge carriers will be holes that traverse individually
from a positively charged anthracene group to a neutral anthracene group.

Conversely, it is believed that if an electron acceptor is tetracyanoquinodimethane



negatively charged TCNQ group to a neutral TCNQ group. [0049] In sone

enbodi nents of the present invention, the electron acceptor(s) are selected
from nol ecul es or derivatives that exhjjpbit an electron affinity greater than
0.8 eV, alternatively greater than 1.2 eV. In sonme aspects of these

enbodi nents, the selection of the electron acceptor is influenced by its

i oni zat i oNTEX® Hndah eldcfrof A6Bor i@gﬂ@{éﬂﬁaﬁﬁe AdeBEN enib petividsatia relativd east two

el ectron acceptors are used. [0050] In sonme enbodi nents of the present

i nvent i on,exe¢ss, the predeminano Alargesjareeis Wil be slecwans, transfpmediomdie or deri vati ves
t hat exhi bjt . Lonizati } e h 1 jvely less
than 6.0 dvendhieBi Bxsal BREEr Y BovoEaguly Bl el lonRp U RRELY LY, .2

el ectron deagVes) cliasgddTENEONEEE Wya hdusral DONRRgroap potential . In sone
aspects of these enbodi ments, at |east two electron donors are used. [0051]

Not e that (984 Inspme gmbedisrendeel thepresey i4pEon, AhetlegimecetPi®ialy and an

| oni zat | 0N ROLAHonohlfilks b BlritaiEYs FRYHHACI A0 AR AHiAiPLr AR BLAGLY On donor
or an electron acceptor 5epend|ng on the sefection of t ot'her conponents
of the el adt niternafivety dreated graanmmbl e I sdne aspegesi thesmeriBodimenththbal ocyani ne) .
Wthout wishing to be bound by theory, in conparing nol ecul es or

deri vat i veslectignoiihe elegiren agceper isailngnsed Ry fth iqnatioB RasNtiply AN 39M¢F on

potential Jsgecvss&,ﬁhésgéﬁg%ﬁ?gg&&g%feastla@o_%rec&hﬁgwep{aé{a@%ed. while the nol ecule

or derivative wt est 1onization potentl i's usually considered
to be an dhesi]riarome eapodimentOTRE ptegers inmventomoht etecttan difnot(spampr esent

invention, the electric field .progranmable film conpositiqgn further
conpri ses S&ifcsgdiosnmolegyiss or g%r ‘éa&‘tVBSrt%aE‘ii‘?Fth"e@Q IORY£A P B‘ﬁé’i‘%fﬁé?sf Nadj ust the

propertiesg ofyt Qgrﬁzidv'ay 1tta,§§rth%§\g§é'\@qntsbﬁe deRUF thds€ FHIbOEGndrs, Bogr am t he

filmto a givenh data state and the conductivity associated wth a given
dat a st at eselectiorsofthe akpian domdr(sh eisBuarbd ty e mndzativheoengel Mhcomeel d
programable filmco sition contains 0.05 to 5 W% alternatively 0.5 to 4
Nop it R Yahre ERganeHabje g g e Rarpy aPyTa 8 Y6T3 wt o of ¢ he optional
donor - accephof) NS MR §¥me hdIGAER AABSHiTeOhaveREShcGBR AR Y ant Ne el ectric
field programrable film conposition conprises an optional donor-acceptor
conpl ex sebsicstarh fateial Sush thatbayphay function as either an electron donor or an

t et rat hi af yl val ene--t et racyanoqyi nodi et e, .
hoxanet hy 1 HEOBERSHPHI GO Ve el T BB O PRSPRER Of the electrc

tetrase'eﬂﬂﬁ&%&%&ﬁﬁﬁamE?ﬂ&ﬁ%%@@ﬁﬂHﬁOQ?Eﬂﬁhﬁé&%ﬁh&% Without wishing to be
hexanet hyl enet et'r asel enaf ul val ene- -t et racyandqui nodi met hane;

met hyl car Bamod by theety, aw yempayirigrodiecdeshanderivatives, the molecule or derivative

tetramet hy o 3SRl R iR e RGial i€ LoBhY A0 PE §BL 80 on donor,
while the molecule or derivative with the highest ionization potential is usually
considered to be an electron acceptor.
[0052] In some embodiments of the present invention, the electric field
programmable film composition further comprises an optional donor-acceptor
complex, which operates to adjust the properties of the film, for example, the voltage
required to program the film to a given data state and/or the conductivity associated
with a given data state. In some aspects of these embodiments, the electric field
programmable film composition contains 0.05 to 5 wt%, alternatively 0.5 to 4 wt%,
alternatively 1 to 3.5 wt%, alternatively 1.5 to 3 wt% of the optional donor-acceptor
complex. In some aspects of these embodiments, the electric field programmable film
composition comprises an optional donor-acceptor complex selected from, for
example, tetrathiafulvalene--tetracyanoquinodimethane;

hexamethylenetetrathiafulvalene--tetracyanoquinodimethane;

tetraselenafulvalene--tetracyanoquinodimethane;



ferrocene--tetracyanoqui nodi net hane; (tetrathiotetracene,

t et ranet hyl - p- phenyl enedi am ne, or

hexanet hyl benzene) - -t et racyanoqui nodi net hane;  (tetrathi af ul val ene,
hexanet hyl enet et r at hi af ul val ene, tetrasel enaf ul val ene,

hexanet hyl enet et r asel enaf ul val ene, or

t et r amet hylekghésrRhabeiseleviafubnggne--Nratyanbgainbadiariiene] - G o, |inear or
branched) ; gt etrathi otetracene, tetramnethyl-p-phenyl enedi am ne, or

hexanet hy|Behylesbizal prigkasyaseqrinedimethants C60; (tetrat hi ot etracene,

tetramet hytgt-rﬁ%}gﬁwllagag@ﬁ%fége__@{r?%ﬁ&g}?ﬁ@hgﬁ%@ne) --Buckm nsterful |l erene

C70; (tetra etracene, r ame phenyl enédi am ne, or
hexanet hyl fegocasejetrat winb quiviadialedrnen@traftieteradehe,ot et r acene,
t et ramet hyl - p- phenyl enedi am ne, or_ hexanet hyl b%%zene) oet hyl ene;

--tetr ag%a |
(tetrat hi JEEPEBYNPheISHBINYS. Ophpratndrrearim i acypoquinodimethane;
hexaret hy| ReifiEAGNaide MbRhM encRBSHEAADLEAL ARSelkARtRAlene [ 0053] 10 some

enbodi nent's o e present 1| nvention, I nations of electron donor(s) and
el ectron degepttyicagtersselenefubactiad, 60 provide nmulti-threshold switching. By

way of illustration, two e] ectron._donors havj different iqni,zation

po%/enti al ste‘(r@?"éh}’ltet‘iﬁ‘ﬁ?lﬁ%ﬂfB‘lé’?];H?)ﬁ@I'é&dﬁggqﬁﬁﬁ - lﬁtlﬁ}eéf:%n@’ n&gﬁ ‘be conbi ned

with an el t WS |l erene C60). The ionization
(ﬁeﬁ&é}ﬁ?ﬁggg&ﬁp t%amétﬁglg%pg i SRR, bl )

pot enti al ocyani ne | eV, as eéstimated by PMB senienpirical
mol ecul ar lexbmtthl]behzar ) -Bukdkeningerfd krénerCqo;detmtitiotatracghe 9- met hyl ant hr acene

is 7.56 eV, as estinpted by. PMB sem enpirical nolecular orhital theory. The
el ectron &F??Iﬂ?f‘g?’%gﬁmg‘?ﬁﬁﬁg’c”éq’% f losggened- P&?‘mné\?f ullerepe Gaor ed
exper i ment@lavhibERhRAB te®iméthyl-p-PRMS lenB8Mmikk, GPndens Matter, 1999, 60,
4509-4512). Wthout wshing to be bound by theory, when el ectron donors

havi ng di fHesamathyibenicna)-itetmaqyenehenzenes(tetrathiotroéaned with an el ectron

tor, the electyon d i || transter el to the el ect
acooptor drrare PUrERbERIGRRRMin o brte RN RS g ARG - ¢ b canol d

sW t chi ng. (i diRiOERaR8P a6 &hylL 95&131@3@@%1&@&5, interactions between the
bi nder and the el ectron donor(s) and el ectron acceptor(s) can influence the

field strdrgamsthatbentringh-re¢iderandnandaombamtianeteofept ed between the vari ous

el ectron (;8)..and el ectron ceptor(s) j.n a given electric field

ot oo amatP s B SR ioSRE PRk enlidh. JoMplERgR: SETRATRY w th thei r
ionizati O_rtidﬁgi(?”ﬁnidééll&tr@ﬁ Aecept @G aRNcRleldRd pio@w&ﬁmitinm}e@,ﬂolu%mhin?e

sem enpirical PM3 nodel within the Gaussian 98 Ml ecul ar orbital program

(Frisch, &8y wry of isteaiingtweelgitsen doness Having, diffprenhionizatiompotentials (e.g.,

MPW PV / Lp'?‘lt L cl)%%/ani\ﬁm-e tarrllé B-rr-lre‘%lq}lllean{hrgcie%gﬁi cfain%se ctorr}l%gnetd%ﬂpgnr € gcet%%rasccep oF
(e.g., Buckminsterfullerene C60). The ionization potential of phthalocyanine is 6.54
eV, as estimated by PM3 semiempirical molecular orbital theory. The ionization
potential of 9-methyl anthracene is 7.56 eV, as estimated by PM3 semiempirical
molecular orbital theory. The electron affinity of Buckminsterfullerene C60 is 2.47
eV, as measured experimentally (Palpant et al., Phys. Rev. B-Condens Matter, 1999,
60, 4509-4512). Without wishing to be bound by theory, when electron donors
having different ionization potentials are combined with an electron acceptor, the
electron donors will transfer electrons to the electron acceptor at different electric
field strengths providing multi-threshold switching. In some aspects of these
embodiments, interactions between the binder and the electron donor(s) and electron
acceptor(s) can influence the field strengths at which electrons are donated/accepted
between the various electron donor(s) and electron acceptor(s) in a given electric field

programmable film.



calculated with Moller-Plesset perturbation theory, using the LANL2DZ basi s
set. The notation B3LYP/LANL2DZ within Table |I signifies that the
paraneters were estimated using the dgnsity functional B3LYP nodel in the
LANL2DZ basis set. Table 1 Electron lonization ComoundAffinity Potenti al
(veV tetrathi aful val ene MPWLPWD1/ LANL2DZ- 1. 2926. 529 pht hal ocyani ne3. 3546. 538
N, N - bi s 3o0%f] Tablé1eprdvidddaNist 8f cdmggbunb @it tHein &hifbiéh potedtipleandt hi azi ne
MPWLPWD1/ LANL2DZ- 0. 9646. 697 9, 10-di neth | anthracene

MPWLPVO 1/ leheiromziiniigse stmated urwerlys seanempicahiMpimyadsheyithinge Sispssiag77. 017

Pl onon: CELTas B et ol of A, Be e B TP ARG P B 230

f er r ocene N{PWIIPWAL/LANL2DZ, Ivithn? TaBRA digniBehthht thaphamneteOwd®07. 372 phenyl
azorecor ci nol , MPWLPVWO11LANL2DZO0. 43 7.411 di rreth nt nel. 5337. 421
tetrat hi afctﬂ*CV‘&Feéin‘@lih B@i}?r' E‘QS%FW auQl ey et @Sgﬁ@gﬁgr‘i’éﬁwa&o
oo 1 10l SR HA] DI E AR (i BRCT b i il t

B3LYP/ LAN2 gl@dilﬁ)g 818 per;ﬁ{eneblg Ndi car bo>§$1 ] ¢arameters were
MPWLPWD 1/ leAthin 207 Risifig Be. &m6ity buea et MMMGMPMMAMDDZ@SBWW. 968
acridinel. 7968, 041 acena hth | enel. 6918.096 tri hen | enel. 2178, 114

fl uor enone® 8.124 8-h drox uinolinel. 2468. 132 Phenazi ne
MPWLPVWO1/ IFANCZDZI 07587143 Electron | lonization
Affinity | Potential
Compound (eV) (eV)
tetrathiafulvalene MPW1PW91/LANL2DZ -1.292 6.529
phthalocyanine 3.354 6.538
N,N'-bis (3-methylphenyl)-N,N'-diphenylbenzidine 0.657 6.668
phenothiazine MPW1PW91/LANL2DZ -0.964 6.697
9,10-dimethyl anthracene MPW1PW91/LANL2DZ 0.182 6.848
9-methyl anthracene MPW1PW81/LANL2DZ 0.187 7.017
phenothiazine 1.090 7.134
2-(4-Diphenylamino-benzylidene)-malononitrile 2.432 7.173
N-methyl carbazole MPW1PW91/LANL2DZ -0.721 7.232
ferrocene MPW1PW91/LANL2DZ -1.152 7.345
N-methyl carbazole 0.970 7.372
phenyl azorecorcinol MPW1PW391/LANL2DZ 0.430 7.411
dimethyi anthracene 1.533 7.421
tetrathiafulvalene 1.623 7.521
methyl anthracene 1.530 7.655
phenylazo recorcinol 1.656 7.610
Pyrene 1.617 7.656
8-hydroxyquinoline  B3LYP/LAN2DZ 0.144 7.818
perylene bis(N dicarboximide) MPW1PW91/LANL2DZ 2673 7.966
acenaphthalene MPW1PW91/LANL2DZ 0.387 7.968
acridine 1.796 8.041
acenaphthylene 1.691 8.096
triphenylene 1.217 8.114
fluorenone 2.441 8.124
8-hydroxyquinoline 1.246 8.132
Phenazine MPW1PW91/LANL2DZ 1.075 8.143
8-hydroxyquinoline Isoamyl ester 1.362 8.179
perylene bis(2,6-dimethylphenyl-N dicarboximide) 3.267 8.269
fluorenone MPW1PW91/LANL2DZ 0.846 8.303
Phenazine 2.072 8.370
6-Hydroxy-4-methyl-chromen-2-one 1.754 8.417
2-amino-4,5-imidazoledicarbonitrile 1.882 8.496
pentafluoroaniline 1.686 8.497
diazo benzene 1.781 8.508
2-amino-4,5-imidazoledicarbonitrile - B3LYP/LAN2DZ 0.448 8.574
Triptycene 0.435 8.670
naphthalene-2,6-dicarboxylic acid dimethyl ester 1.893 8.691
tetracyanoquinodimethane 3.868 8.752
perylene bis(N dicarboximide) 3.244 8.824




8-h drox uinoline Isoanyl esterl.3628.179 perylene bis 2,6-dinmeth Ihen |-N
di car boxi m de) 3. 2678. 269 f| uorenone MPWLPWO1/ LANL2DZ0. 8468. 303

Phenazi ne2. 0728. 370 6-H drox -4-neth H—chronen 2-onel. 7548. 417

2-am no-4, 5-i m dazol edi carbonitril el, 8828. 496 ent afl uoroani |l i nel. 6868. 497
di azo benzenel 7818. 508 2-am no-4,5-i m dazol edi carbonitrile -

B3LYP/ LANXEYQ. #43R¢indéa Tr1 t cene0. 4358. 670 na ht hal ene- 2,6-dicarbox lic

acid di mefr1ester I. 8u38. 691 tetrac ano ui nodi met Nang3.85BBoARALbE! V! ene
bi s(N di carboxi m de) 3. 2448. 824 14 Table 1, conti nued O@OEBﬂmzatlon
CompoundAffinity Potenti al ge e~V) tetrac ano uing

d c S : KH1AC vy
MPWLPWD 1/ I : gqietane o1l MY
MPWLPWD 1/ L = H-T 00720 _-500—2—3 Nt+rpzhenz— | dene
- mal ononi *T':amms’ %M@'paﬂ e MEWIPWIEAN D25 1 6. 'fufp'fgg“ ggggc
tetrafl uor ’a_ QEQU\%}U "'Ta&'él-l%g%%oﬁflt gZ tetraftuvorobenzo 112-70;“6 9.616
NPMLPWBl/LUIe 2 aﬁ;aé;.;JL tT 1t trobenzene3- 3731144 2605 165d|>ure
enbodi nen ‘:‘se](‘d; iu)cl)r e FE‘BgdéL HAventiom—an—etectron—d |5J195a||u ﬁ;lszzel ectron
accept or - ah & afloPoRefSs ulﬁ(?nedM‘PW'l‘PWﬂ}‘LSe\REQDZ CONpteX 0T §g4TT A $OTEIr - agcept or
conpl ex "Tri?ﬂtr ePBFdT adued U & Drmder. 11 SONE asper 5701 TEsA
enbodi nmen 7€ Jdonor-acCeptor Conpt exes disproportionate I n-situ when

added to e{OWiidelsom[:(eweqhmqmtSsertbe ewmmmmm@ﬂeqq@opde@@ramdianvention, t he
electric f rocessi ng

agent s. Iles%rﬂ’é a %Qg’ééfﬁ‘spf&’ %Fﬂéﬂdgﬁ%gags‘lrpééﬁ%mo %?‘Iegrql%gg)eé %Q%Séto s are

sel ect ed fdoRiplexUn{sHe althSdded to a binder. In some aspects of these embodlments the
donor-acceptor complexes disproportionate in-situ when added to a binder.
[0056] In some embodiments of the present invention, the electric field
programmable film composition optionally contains processing agents. In some
aspects of these embodiments, the processing agents are selected from surfactants,
mold release agents, accelerators, anti-oxidants, thermal stabilizers, anti-ozonants,
fillers and fibers, and combinations thereof.
[0057] The electric field programmable film can be manufactured by a variety of
conventional methods. In some embodiments of the present invention, the electric
field programmable film is prepared by depositing an electric field programmable
film composition on a substrate. The deposited film composition may then be dried
and/or cured to form the electric field programmable film. Alternatively, the electric
field programmable film composition can be cast in the presence of an optional
solvent. The electric field programmable film can then be cast from solution and the
solvent evaporated. Some methods for casting the film include spin coating, spray
coating, electrostatic coating, dip coating, blade coating and slot coating.
Alternatively, the electric field programmable film can be manufactured by processes
including injection molding, vacuum forming, blow molding and compression
molding.
[0058] Substrates suitable for use with the present invention include, for example,
semiconducting substrates (e.g., doped silicon wafers) and conducting substrates (e.g.,
aluminum, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper,
zinc, zirconium, niobium, molybdenum, ruthenium, rhodium, palladium, silver,

cadmium, hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold



nol d rel ease agents, accelerators, anti-oxidants, thermal stabilizers,
anti-ozonants, fillers and fibers, and conbinati ons thereof. [0057] The
electric field programmable filmcan bg nanufactured by a variety of
conventional nethods. In sone enbodi nents of the present invention, the
electric field programmable filmis prepared by depositing an electric
field pro : i 0 HHI u hided film
compos 11 o T e o B e T T el
pr ogr ammalpreseft ihventiang the sabstrats aan betpettenedtric field programmable film

iti b in th . of t i;onal | vent. Th
el ectric APRIA IhogmE Armhanren aiIPE R TR cBao e PSR Lt fon and t he
sol vent evapahhRdle H8MRasTBhRASS bS5 16 3600 MGohders, idkgéliddﬂ{fé sifigespi n coati ng,

spray coating, electrostatic coating, dip coating, ade coating and sl ot
coating. réquirsmeatsioféhe/devidedt &l te be incorfaraiediinge.oy gamerabl the piogransmmebe

ol i ng. andegaPeRaRs it B his R o iR B RLE Skt BT el "0 1 "
the presenhcdrpigell iRh alda¢ice dquidi®y proyaMhidg voRSsH B aREdEd hdow4absit @t es

(e.g., doped silicon wafers) and conducting substrates (e.g., _alum num
titani um W.ahadeetnc ficht progtammahie §hmexhibits 2 Ghn thiekngss (after eenal copper,

zinc, zirconi i obi um I enum._ rut henjum_ rhadi |l adi um silver,
e um | RPRELA e R T SRR b el et B it i mum
gold 15 nﬁﬁ@ds?ofateaiiﬁto aQRK B Rédiling Bddrandfidg 3blteesmiditfuded helownbsarse

enbodi rents of the present invention, the substrate can be patterned.

[0059] | n &cheelesniodictdprogragimatiea fitra suhibits hﬂé?kﬁeé‘h(aftﬁhépté?lnégwrmg)fi el d

pr ogr amab] gtfi bm has a thickness of 5 to 5000 nanoneters, depending on the
r equi rem&*rﬂf f5 device it is to be incorporated into. In general, the
progr anm rgo60] ah keee emdbeimdniedithe Prebdie ifviehtidd, ek B@ftles hid cdvficafigpect s of

t hese enbodi ments, when incorporated into a device requiring progranm ng
vol t age megHpled detheistacio Aalé progrgnmeblediva. dn seme pepeeisell thase ogr ammabl e film
exhibits g _fiilmthickn (af i onal - _cur.] o) . to 100 nm In
sone as pece sbog*m%%ség%e @?@8@%@%@8%3@% finrr{lcllérdﬂ)gr%)él Ce%m?%? g\; ltz}al]agtlae\??tce

requi ri ng dae@@caode. Ng seallasgrtydIhesk adsdheinmytirhdettriSfieM, profiemeladld ri ¢
field programmable a filmexhihits a thickness (after optional curing) of 5
to 50 ri milpooEpyapeeitiyepentacysth #aepssonsreleaodpr bswme aspoenof Bsse t he

el ectrodes . i ly. C I ctric fi r nabl e
film In segfrdezc’ﬁg@%)nzééﬁlg é(;rg éStpﬁ)érétea%%g ﬁ@ﬂ%‘ﬁ%ﬁ{fﬁy S{CE"edtegelngg]teFt?%g]f (?)é"g g{l% rogr amrabl e
filmis il Clicnadbests bhthase dntgliments, the electrical coupling element

provides ohmic contact, contact via a conducting plug, capacitive contact, contact via
an intervening tunnel junction, or contact via an intervening isolation device such as a
diode or a transistor or contact via other electrical devices. In some aspects of these
embodiments, the electrical coupling elements comprise a bit line and a word line.
[0061] A word line is a conductor or semiconductor that selects the desired memory
cell in a cross-point array memory device. It is also sometimes called the select line.
When the word line is asserted, the memory cell can be read, written or erased. When
the device is symmetrical, the designation of "word line" or "bit line" can be arbitrary.
A word line array is a plurality of word lines arranged in non-intersecting fashion,
alternatively substantially parallel fashion.

[0062] A Dbit line is the conductor or semiconductor that reads, writes or erases the
desired memory cell in a memory device. When the word line is asserted, the
memory cell is selected and can be either read, written or erased. When the device is

symmetrical, the designation of "word line" or "bit line" can be arbitrary. A bit line



one el ectrode. In sonme aspects of these enbodi nents, the electric field
programmable filmis in capacitive contact with at | east one electrode. In
sonme aspects of these enbodi nents, t@g cross point array advantageously

i ncludes an electrical coupling elenent. In sone aspects of these

enbodi nents, the electrical coupling element provides ohm c contact,

contact Vhﬁa)ﬁis%ﬁﬂ?r'dﬁ{y' iPlid arGRRAGH hb¥ifet QB AL fashiORNYIREHativEy  an ,

i ntervening ‘tunriel junction, or contact via an i1ntervening IsoOlation device
such as asubdfanti@lyoparalldl fashginst or or contact via other electrical devices. In

sonme aspe t hese . epbodi ts, the el ectrijcal coupling elenents

conpri se Bf(%r?’f{q o %l&mgbm%tﬁg? eﬁjéf.:sem[lﬁﬁ 10f1, %e\fkfﬁ?cl idd s a conduct or or
sem condupttantfiatle Fith dbtaindd o €% d1&driSBBRMYogreRklabldfiltn E5RSSIRAI Bt array
menory device. It is also sonetinmes called the select line. Wen the word

line i s assdriheltctromie nesmoy pnd ewitchiagddacaswadatawiirageedevineselmgpwee  When t he
device is symetrical, . the desi ti.on of "word li.ne' Qr "hit,..ljne" can be
arbi ¢ rar ySPORE RSy PRROdmeRs: TR Gt e T o PRl e M iRlsged i n

non- i nt er 64§ 1 PeviEAHAVBE muldblestinRtthat ate/substasiiARtgadd]ley air al | el fashi on.
[0062] A bit line is the conductor or sem conductor that reads, wites or

erases t heonigiesscetn are gongralbetermedstackeddgyvigedevi ce. Wien the word line is

asserted, menor el i ected and can .be either rea itten or

o aced. WY HESHBE HEShimehly dhaf pleidly NEREAT B oo Bhe UFMBseth 1§ ne- “or
"bit i nepraidRempkibink lodinterfArelivith 4 Bsslfoint henotysarfayplewicaldfthe of bit |ines
arranged i n nonintersecting fashion, alternati velﬂg substantially parall el
fashi on. pBee8jinventisnnin wmsospemneithese enthodppeds ke daiy praceesmg daviceg] ectric
field progranmmable fil.m obtain romthe electri,c field.programuable film
Conposi t i Sﬁ{lﬁegesﬁgtéﬂv?wogIaéec?e?ec?ﬁe?icffmr%w §°‘%¥§8“%%_ﬁ fl%tﬁipﬁcbcegség @%’é&pr data
storage dejat G@sstitutdd aSROR-poRSRREHSryQlral lAeGige 8NMAE PreveitifveridndoteVvi ces cont ai n
either a single filmor nmultiple films. Devices having nultiple filns that

are subst aemieational pemery deviendln seowiaapestsedhesagmbodingentinitd daja t er med st acked
devi ces. g%g%llncggds%v?o%?%rees'éi’eg%gggﬁgﬁrgéxa&% %(re)rr%&‘%‘aritco' Ynd an pg&%&a

processin are” provi Fising I ntertaced W a“cross-point
menory ar péorhedigial abistdnss, sQiaseiies, sileaens, vileb son@as apdiotptayefs, t hese
enbodi ments, the data processing devices of the present invention are

sel ect ed VidgeplagrscEiBetungdrivgatracperycarlsi vgage ¢ards and pambiighens t ut es a
cross-poia&mggnnry array device of the present invention for a conventional
menory device. I n sone aspects of these enbodi nents, the data processing

devi ces a[@6seFigired depetda dodtingxaradctric fEd pei@ime@BRULIAY $, oft@t| phones,
gﬁg?gng: agégg!g{t ?Illve%figrll géna%gitn?rfg eslf(:acttrogl%%ngrcs))éﬁi), ansdt éll:cltro%aarggfr:p%gr,s (Xllda(ralg ACZa;.ma ras
[0066] Figure 2 depicts an example of a cross point array having a single, continuous
electric field programmable film, 2, electrically coupled to a first electrode, 3, a
second electrode, 4, a variable program/read voltage source connected to the first
electrode, § and a reference or ground connected to the second electrode, 6.
[0067] Figure 3 depicts a schematic, cutaway, plan view of a cross-point array data
storage device of the present invention with a continuous electric field programmable
film, 7, an array of word lines, an example of which is word line 8, an array of bit
lines, an example of which is bit line 9 and a multiplicity of memory cells, an example
of which is memory cell 10, formed by a portion of the interposing electric field
programmable film 7 at the intersection of word line 8 and bit line 9.
[0068] Figure 4 depicts a schematic, cutaway, plan view of a cross-point array data
storage device of the present invention with a pixelated electric field programmable
film, examples of pixelated pieces of the electric field programmable film include 11

and 14. These devices contain a plurality of memory cells, an example of which is



vi deo players, USB "thunb" drives, nenory cards, "smart" cards and

conbi nations thereof. [0065] Figure 1 depicts a continuous electric field
programmable film 1, of the present jsnvention containing electron donors
(D) and el ectron acceptors (A and Aﬂ). [ 0066] Figure 2 depicts an exanple
of a cross point array having a single, continuous electric field

progr ammaky, &, &4 |ceNl 18, EebIEGichit@hdry ceRUahBAsds A pixdlated bictt BELIEOEE fieRl a

second el ectrode, 4, a variable prograniread vol tage source connected to the
first el grogradmablk findelectriedllyrconplsd o a grood Hoe, dorsraséaworl linsel % gednd

el ectrode, .6...[0067] Figure.3 picts a schematic, cutaway, plan view of a
Cr 0SS- poi r?tbl%llr“{eag’r ?Igpg;{)[lglll%?ggfdevi ce of the present invention with a
cont i nuougoedR Highie § dGids RrahAfERIRgeam bf A Blosd-poidhady &viefof¢ d | i nes, an

exanpl e of which'is word line 8 an array of bit |ines, an exanple of which
is bit |irpeesentnderdiomeomppisingimemery caksren gxaneple of whirhds sesay cel 1ohi ch is

or ogr ammistsstsepito i (i RRET LA Pt fiod B FRBRSEoR B M 20 ne o

[0068] Fi gedpRctiveliePALb Hepickahs Fiire 5, fblosediagamafori| £¢/sedsify Cr 0Ss- poi nt
array data storage device of the present invention with a pixel ated
el ectric felestranios 84 padrpelbing cleeirpmes 2k anpl es of pi xel ated pi eces of the

electric fj rogara | e fi ' - 4 ' contain a
plurality [Qﬁ(ﬁéﬁﬁ?@e ggﬁ%ﬁgl,meélfﬁg &e%ng{éééhgfnv\%&tﬂ%rﬁ%?esré‘inf pﬁewn%i?%g@géﬁ &?ﬁs Each
such menorayra¢ekelic€OmPVhisle thdividhat edeti@d c@lsege clettriehlge isblatedf fr@h @ne pr ogr anmabl e
filmelectrically coupled to a word I1ne, for exanple word lLine 12, and a

bit |ine, ahotherxlarmoss-noint amaydeviges Juolaothoss dapidedinglignress?-§, wdieliat i ¢

di agr am of, Cf 0SS- POl Nt .arr i.C r nt A 0V P conpri sing
menory cePP@Y“%%EBQ§HQV§HgPﬁﬁ%¥%E%#gg%gkgfg%égﬁP%ﬁg?ﬁm%gggg%fggfly coupl ed
to a bit Igofgtidiffortd ccu@értelof i8debGadle anRvngehts ORsr &Qingiiel iR Pigure 4,

respectively. Also depicted in Figure 5, in block diagramform_ are sensing

el ect r oni d52 perdyaHagsols applipddp avard biae &3, teoausp orepoyry el d 9 ifeineisadietist s of the
present i t . t.hes oYy S- pal r A t.h which
Ph v duar e e Ja s iR RS BRSRPAOR cq BT R BB "

Cr 0SS- poi rhe asddaytivestite escistenhwaslditeadbe: tdepeakt fésh ibit lineddrdesvnzthioughher ei n

i ndi vidual menory cells are not electrically isglated fromone another there
is the porepeysell{78intoreordiing$¢ wmtheoush msaeyicel P and teeake énip pehRs . For

exarpl e, 14 Pt Suaivd e BohERHcY Bl AR APeAPH) 13H B EIgE, 12, because

menory cel IS I n® con tive s ne charged. If,
f or exanplwhenrie it t 68} ha béS lImpshnd Spacte ofthese émboditents othiblisdlatich st at e, a

current would be able to sneak frombit Iine 15 down through
memory cells is effected by introducing an asymmetry into the device.
[0071] In some embodiments of the present invention, the potential for sneak currents
resulting in a false read are alleviated by forcing the nonselected bitlines and/or the
nonselected wordlines to a predetermined voltage. In some aspects of these
embodiments, the nonselected bitlines are forced to a predetermined voltage. In some
aspects of these embodiments, the nonselected wordlines are forced to a
predetermined voltage. In some aspects of these embodiments, both the nonselected
bitlines and the nonselected wordlines are forced to a predetermined voltage.
[0072] In some embodiments of the present invention, asymmetry is provided by
forming a inorganic oxide on one of the electrodes prior to the deposition of the
electric field programmable film. In some aspects of these embodiments, the
inorganic oxide layer is formed by allowing the metal of the electrode to form a native
oxide in air or, more actively, by oxidizing the metal electrode in ozone. In this way,
the two electrode surfaces are electrically coupled to the electric field programmable

film in different ways; one is electrically coupled via capacitive coupling while the



menory cell 78 into wordline 80 up through nmenory cell 79 and thence into
bitline 81. This would give the appearance that nenory cell 82 is in the
conductive state, when in fact it maygnot be. In sonme aspects of these
enbodi nents, this isolation of nenory cells is effected by introducing an
asymretry into the device. [0071] In some enbodi ments of the present

i nventi on,otiep @ iRQliredt dodtact. Ol sdRRBMBOMIM @RS, $he ¢:8881¢datiAg ohMheclbatsr is ead are
al l eviated by forcing the nonsel ected b|t||nes and/ or the nonselected

wor dl i nes seidiciengy shiatie prabieehaygs iniggton into ﬁ@r@@cwp’%@wr%ram@b@ ilghrbodi ment s,
t he nonsel i t 4 ter I n sone
aspects of % tlgﬁlgrg%gl h‘ti)(%)tg?i iSrﬁleegt ,eét eo?%(l)etﬁggﬁ?hgépqgf ﬁl gér Eétatggsrec ed to a

pr edet er meAdddindntR @ oxXide SRR &sdpedirdinam @h&é;eoaelﬂptvdtmmﬁmemt bf t he
nonsel ected. bitlines and the nonsel ected wordlines are forced to a
predeternﬂﬁ%@“ﬁ%ﬂﬁhge [0072] In sone enbodinents of the present invention,

asymetry j KOV e el ectrodes
prior to t[?l@%ehggésrﬂ ?Igﬁx%fr{ @Lsrgfqgﬁ@c ri c ; Cﬁldggy ogr Vl(a{e Hﬂn In sone
aspect s ofselebteipemetaisoditingifiesing tWoek functogadi the@kdcttedésaykte warkffonatiod by

allowngth metal of the electrodetofor tiv |de|n air or, nore
actively, &mﬁaﬁ hahgner g regutreg eV e apgler [ Rombamehe puriy qogiof Rgapetal ¢ he two

el ectrode ?H{ﬂ@?%lﬁé& F# ?&51rfagé§'df¥n&8§'%c?8'th5 1&19&@&%&'&&&& vgo .
programabl e I'min d erent ways; one IS el ecttica y coupled via
capaci ti veusiops.i mgsontel dspedthef thBSecdrﬂt&)dlmmts nhed¢le@ridecosedace . | N sone
enbodi nents, the oxide coating on electrode is suffi |ently thinto

enabl e ch&@oleryskliirg AROTEY 1 W%‘l BEYE OMArdeLYe e fiim via
Lunnel § 1ol AL e I MRELIBMOLCEELLARGBARRIA fhi BOTRyasPEct S O

t hese enbodi nents e oxide coating Is an alum num oxi de"coating wth a
t hi ckness&xample ﬂ)rﬁldboarﬁelectrlmﬁelc[ ogannhabls Hine irecdntadit methtan abiminhe pr esent

i nvention, r oV d b se ti h djff ng wor Kk
funct | ons clGToRTen oetifs Blrob? SBractiup e Rk Felbier the Fiest Cener gy
required (@-5enmye 1P{he $oR%kd BRs isr Rt NEs %’d!’;ée@ﬁfg R6m thCalIREAlm efefyrdddf i Ni ty.
Different crystal faces of netals and other elenents exhibit different work

f unct i ons.to the réckekelastpaist withfthe demenuamblodiroderitesng thhenalegthermamstudsed ar e
pol ycrystalline. cord e work function co i ses an.average of the
ryatal i meerasind SRS valigor fe el ey e e iR i RS a RS o Lo | m By
way of emﬁ&lgethe%ﬂsﬁh&eaeaa@nﬁlgpfcrrlpe fmeekd parqgmmwfah@zfr hil @khlaltcont act
with an alum num electrode on one side (P-'4.2 éléctron-volts (eV)) and a

ni ckel el emrk datetions lesrethan helV, Rh@xbibits @ Work ﬁincnhe of appraxichaisln§ eivVsandef i ned as

o e LB OF ) 4 DU AR o ot ode, T the

[0074] In some embodiments of the present invention, asymmetry is introduced into

the device using contact diodes. Examples of such diodes are described in L. S.
Roman and O. Inganas, Synthetic Metals, 125, (2002), 419. In some aspects of these
embodiments, the diodes comprise a low work function conducting polymer such as
poly(3-(2'-methoxy-5'-octylphenyl)thiophene) (POMeOPT) (®~3 eV) in contact on
one side with an Al electrode (®~4.2 eV) and on the other side with
poly(3,4-ethylenedioxythiophene) doped with poly(4-styrenesulfonate) (PEDOT-PSS)
(0~5.2 eV), which, in turn, is in contact with an aluminum electrode. In the device
POMEeOPT is interposed between the electric field programmable film and the metal
electrode. Aluminum or some other metal having a similar work function electrode
such as copper (0~4.5 eV) is applied to the opposite side of the electric field
programmable film. Other organic conductors and semiconductors suitable for use in
the devices of the present invention included doped polyaniline, doped polypyrrole,

polythiophene, polyphenylene vinylene and indium-tin-oxide (ITO).



of a forward bias voltage will be higher than the magnitude of the reverse
bi as voltage. Anong the transition elenents, Al, G, Fe, Re, Ru, Ta, Ti),
V, Wand Zr all exhibit work functiong |less than 5 eV, Rh exhibits a work
function of approximately 5 eV and An, Cu, Ir, N, Pd, and Pt exhibit work
functions greater than 5 eV. [0074] In sone enbodi nents of the present

I nvent i on,[0@sy TABSHY emboliten@MIaRE piebdn® invehtor @y R etts isigtr6MidedGitodi odes.
Exanpl es of such di odes are descrlged in L. S Roman and O |[nganas,

Synt het i ¢ theedeyiies, usimpssemic@aytor dipdes. | n some aspects of these enbodinents,

ol y (3 ( 2T 5 e Emp BB Bieh BB HERASE pestitnBly o BB cont ace
on one sitgedwiddusaty bttiflpcddvide (0-4.2 eV) and on the ot her side with

pol y(3, 4-eth Ienedl oxyt hi ophene) doped with poly(4-styr enesul fonat e)
( PEDOT- PS$p077) dn sompe gippodigfingsof thepresgny inviestion, apgnmgky 1sytradugedantam num

el ectrode. P electric field
progr am’nab*14 9?\5%% ﬂfgdd ﬁﬁ ?@ﬁ%ﬁ%(?ﬁr Imsgye %i?um n %ﬁg;&ﬂsﬂéﬁ% ot her net al
havi ng a shifodafientqnte dlenfit fiel @bgamnhmbée filsuslklasiatipponple®teitht eV) is

applied to the opposite side of the electric field ble film O her
organi c cd”ﬁﬂlifiélobf he digig @&ﬁ%ﬁﬁ%@ﬁh@r vy it gkl eplpgy elﬁ%@%@%%%ew ces of

pol yt i opneek MUERE dBlek O W5 B ROREH oPBlokthikd Sinef BRARS LGy ( 007s)

In sone erdoaditiornt s of the present invention, asymetry is introduced into
t he device using sem conductor diodes. [0Q76]. I n sonme enbodl rrents of the

present i A0S EIguref;depies P?Cheénai“ﬁtdﬂ%&}%%a@%}% c“ﬁﬁ‘é"’&ﬁ\?ﬁé& eerngf rect i fying
devi ces try is
intr oduceéggél%lienlt ﬂhégg&}/?%g&ﬁgs Qbﬁlrﬁt}éphﬁgﬁp g%@éqlltss% ati rllé)?frgﬁgl}{srjgtfr In
sone aspecshSWﬁfoytZBeslecmwmupEdttsabithmeauemdralvmorﬁllmhdSperngmmm&pl e filmis
electrlcall coug@ oth rce %nral of the transistor either

via a met ell9 ctrigady cpgRjed mtﬂaw@e?qt Phatahe e iVi%e can only be
probed or ipr ﬁ{]nadm@ég 1R eRah I8 29341 dréefe@tn@@ll %%&dtoqufe% rt‘ive Ry 8] Fi gure

6 depicts a schemati ¢ di agram of anot her cross-point array device of the
present i Hirestfooexaapigati 28 nylsa shplvar mlhld)qk digramrfony arcgpdiBng eacteondes@9e of

which is own. by 23, electricall bit lin and word |ine
25. The n@ﬁgﬁeﬂsutgeql?%m&%%% 1used 19 rqsyu@d V@&aﬁatst%éﬁmpﬁ@gg@éeg bi t
l'ines, for,y ﬁn?ﬁen?G via isolation diodes, for exanple 27, and are

e

electrlcally cou to their respective word lines, for exanple at 28.
Al so showi0079] tlhgmte Hiepgetaachamay graetighyl dxploged et sfonitacke@Xwo layer,

cross-point array data storage device on a substrate 31, comprising a first device layer,

having a line array with a first plurality of electrodes, exemplified by 32, with each
electrode being isolated from its nearest neighbors by an insulating material,
exemplified by 33, a first, continuous electric field programmable film 34 electrically
coupled to the first plurality of electrodes and to a second plurality of electrodes,
exemplified by 35, in a line array with each electrode being isolated from its nearest
neighbors by an insulating material, exemplified by 36, a second device layer,
separated from the first device layer by an insulating layer, 37, having a line array
with a third plurality of electrodes, exemplified by 38, with each electrode being
isolated from its nearest neighbors by an insulating material, exemplified by 39, a
second, continuous electric field programmable film, 40, electrically coupled to the
third plurality of electrodes and a fourth plurality of electrodes, exemplified by 41, in
a line array with each electrode being isolated from its nearest neighbor by an

insulating material, exemplified by 42.



and sensing el ectronics 30 used to address the individual bits and anplify
the signals obtained fromthem [0079] Figure 7 depicts a cutaway,
partially expl oded view of a stacked, Jywo | ayer, cross-point array data
storage device on a substrate 31, conprising a first device layer, having a
line array with a first plurality of electrodes, exenplified by 32, with

each el eqbogvden b&tho embs@hRNBDMhOPReldnS inveAli @S indieidGdIRREBoR e eBaloAgul at i ng
material, exénplified by 33, a first, continuous electric field

pr ogr amabrexaimipta, 3avasl diverdre iolajed toallpyiatg theoogcheante pEsnegk guEents y of
el ectrodes _and to a.,.second, pl urald. el d . i f y 35, in a
line arr a)}lswgtcﬂntg‘ét (HO(? % rutcpg%fé Igel?l%‘\ére'cg & rzf? é}c‘#% fere ]tsgi)éﬁlmd g u?éjw

chelec 80 romi eares ner ghbors by

an insul a}ﬂaﬁﬁll%&ﬁll’oﬁéd viegxdaollhwa, $93cka crébs gRanAtkagddxiaGerhgyddvice separ at ed
fromthe first device layer by an insulating |ayer, 37, having a line array
wi th a thiofthedireseat inventisn @m&mm&e@mctéﬂé&%ﬁ%mwg- Eygurs 8 fhrther deRigts el ect r ode
being isqlat [ . i S 4RV, ! i jial
xen! i 1 A bge bR Sokded JSFRE GalinP oIS 4% AR AR, e BB 1
40, el ect rde¢iak layet sepptatadl tyoar idsulatidy lagerB0uUrTheifiryt deicell&et coslpdsaand a fourth
plurality of electrodes, exenplified by 41, in a line array with each

el ect r ode TH8ilmg arrapcaniaming ypiuraldy pbepriact diodey Ksreim PeigRboringeoniact ng

mat eri al , i L I : %%b‘;a i.men : resent

i nventi on,(ﬁ:ﬂ%&%gvl8 J\‘lel %h%ﬁteﬁéf%%@n%&*@&g’ (%lrrllé?c}ﬁﬁ (E){’rr:l alte arrgqeg?l’ tgﬁ?/\lgélg% %aleo e, are

i sol at ed t47. dakkevormie@ didue indeufivsnie: afayvoaaknsaufirsemberial skégplofmttget di ode

structures. In Figure 8, for exanple, there i%@tde icted a (:,utavxﬁ/?r
1€

partial |y 4x derddca) cergrwigh QWOP‘éV@_Fe,“aéteé%rR dfie Pty vKTsin t}f*fr éﬁx dat a
storage den‘fété'?al aflf tl'gekkgc aﬁ'ﬁ?t@gal' HAVE Qtd'ifgé}gltﬁgitfgggﬂd;;ﬁtgn%% it ode

structures. Figure urther depicts a storage device having a
subst r at e,codfict diodd. rRie sdestidcdeviayayer amidl pases @csochd ldevarmg dfagetactsepar at ed by

an insulatjng |ayer 50. The first deyice |ayer ¢ ri ses first lLine array
cont ai ni ngflgﬂgeﬁ WD pyelorgfentart %P%@é@ SGRREHES) fﬁgrﬁéana ABYIPFIRY HRACt

di odes ar fir e i - Of, 1 i rieal ,
exenpl i fi g?i %yﬁlrgzﬁié.?gl‘i%’c c n?g@??ﬁ?bgga?’%drﬂtt%zﬁ%o%& ﬂ%ﬁkgédgpglaeﬁgrﬂfai ns a
first mat eonatt dieadespbnthined floyt matdrialj exemphified by 8ll, ia@hicadidal worithctavigecond

material, exenplified by 45, erein the first material and the second
materi al Hagerny IH‘T‘tFlflgr @%@Rﬁ)&eﬁh@éﬁcw@ﬁ{n tLﬁEEStFT&I‘?ﬁ ﬁn‘gthec‘S?ﬂr%ﬁlct di ode. The

second devj aeid A% a GRIRIH: $R5k ARG foRRindll taef dis@Ot Rilure §i 0des wherein
ro er f

nei ghbori ng contact di odes are separate one anot I nes of
i nsul at i ndurisdrshows continao, efecer fljd prbgraransble it dytersi6dad 53, anddinsecond

e oy o coamiact qdl ealen contalns Bl L sk IRLetL gl gl 11 od by 51

the first QBhEhfidl bpisaldss, 388 ely. In some aspects of these embodiments, the
material used in insulating layer S0 isolates the various device layers from one
another electrically, thermally, optically or some combination thereof. In some
aspects of these embodiments, the material used in insulating layer 50 is etchable
allowing via holes to be formed therein to facilitate interconnection of the various
device layers. In some aspects of these embodiments, the material used in insulating
layer 50 is selected from inorganic isolation materials, for example, silicon oxide
(formed by chemical vapor deposition from the decomposition of
tetraethylorthosilicate (TEOS)), other silicates, silicon nitride, silicon oxynitride and
titanium dioxide. In some aspects of these embodiments, the material used in
insulating layer 50 is selected from organic and organosilicon isolation materials, for
example, spin-on glass formulations comprising siloxanes having C;-C;¢ alkane
substitution, substituted silsesquioxanes having C;-Cy alkyl, aryl and/or alkylaryl

substitution, fluoropolymers comprising tetrafluoroethylene and polyimides.



material have a different work function, thus form ng a contact diode.
Figure 8 further shows continuous, electric field progranmable filml ayers,
46 and 53, and line arrays conprisingelectrode |ines, exenplified by 48
and 55, and insulating lines, exenplified by 49 and 56, respectively. In
sone aspects of these enbodinents, the material used in insulating |ayer 50

i sol ates tH§g1yah kOHS eABYAER ntsPIRS pet M RBRt oA AOlRR long 8t b Hedtd v,
thermal ly, optically or sone conbination thereof. In some aspects of these

enmbodi mentlayers $herenant ededtrideuEedexampla su Figura () athere isdepisted aehitawagy, al | owi ng

via holes tqg.be for therein to facilitate interconn i.on. of vari ous
devi ce | af@&?ﬂy I°AP Sgﬁgwﬁgpoéatgreg?a%eﬁes agk%(ﬁt%o& |S'|$81nntt g,ga)f ﬁ%ttdﬁ%tra 4 dae}lngs ed in

i nsul at i ngf thepredenbBvesicieheatigdddviceydosiganicelesieddt iRiguregd(gy i al s, for
exanple, silicon oxide (formed by chemi cal vapor deposition fromthe

deconposi tdepistsgrstacked datastoyrasrdenissihayinarsupstres) ) andihresrdeyiceilevsres, silicon
el Y B BB (P AR B Sl QSRR RRREL S ot hese

enbodi nent’s, nsu 1S selected from

organi ¢ angdighbganofist teatidseleabicaBparatke fiotd Sne fndther By difpd 6f inSylatingon gl ass
formul ati ons conprising sil oxanes having C1-Cl 0 al kane substitution,

subst i t ut enateridl sexsouplibind by §1h Barhfrsteonts digdeyepntaipsl firshaaigrialal kyl ar yl
substitution, fluoropol. rS. i Sj t f . Qe pol yi m des.
21 Toost 1o RPLOHESERE N TRER R TR eR b B B R RSP Y LS

of devi ce whepitie Sidemetcanl @ldabé seded mamtiabkarpl diffetent WotufuBctddra) Thet here is
depi cted a_ cut ayvax{, glarti ally exploded view of a three |ayer, stacked,

cr oss- poi rirstdevigy laygt furthen pemBrises ¢iftd, cotinpeus layeod gtecirioddidi on in whi ch
device | ay C LOure. 19( i d data

st orage dé)\%%%ﬁ a@%nfgﬂlagdsﬁbetsl‘%c?lg écgﬁ}ggﬁﬁtq@eee ﬁgsg@ilingtédﬁ@;?g%@%&The first

devi ce | ayksdes and(il)sefrsalidd dridy dfienetraddsayxediplified dly 62oaidikuldiopges wher ein
nei ghboring first contact diodes are separated from one anot her by |ines of
i nsul at i ngxematibed by 63.ekgacprd deyvignlaper shargs therfirptdlinecasyay sdelegiredrs cont ai ns a

first matey. nLifi §?ﬁ n.ele ' | . second

mat eri al , Q@i@r}%}% lf'ﬁrﬁl)figgﬂg%;l/af})gggn@ efglécldrr11 &}H%ea %%é%{%nr%@gﬁsgl%%\r%te[éﬁgws econd

mat eri al Havepwgthnitheble ilmyed; kind usedondine Aitey of secsiid caactdiddeyer furt her

conprises a first, continuyous |ayer_ of electri¢ field fprograrmable film60
¥

in el ect riseearated Foacenegnorher py lingeoffinyudatingmaengl, exempllificd iy $8%  di odes and
n fi b , e ¢ Jiodes ar
xempl i 11 St 8 A5EeRlinfaRT{n e Ee FERERUD Rkt ARFs =) T o

el ect r odelecwidahcdrivect fiithshe fiesy liae atray ef elenbdévaridbe sexont dinearray sécond

continuous layer of electric field programmable film 64; and a second |ine
array of SeewHEorEatdedesdifggl second santagtdipdeconiapiie somAEFiaby |ines of

insul ati n%x@iﬁbﬁﬁécﬁgy 661% @El:f.rifcicﬂe&)n%t Qi (i) a second material, exemplified by 65,

and (i1) a third material, exemplified by 67; wherein the second material and the third
material have a different work function from that of the first material. The third
device layer shares the the second line array of second contact doides with the second
device layer and further contains a third continuous layer of electric field
programmable film 68 and a second line array of electrodes, exemplified by 70, and
insulators, exemplified by 71. In some aspects of these embodiments, the first and
second contact diodes comprise (i) a metal having a work function between 2.7 and
4.9 eV and (ii) a conducting polymer having a work function greater than 4.5 eV. In
some aspects of these embodiments, the first and second contact diodes comprise a
material selected from p-doped silicon, n-doped silicon, p-doped amorphous silicon,
n-doped amorphous silicon, p-doped polycrystalline silicon, n-doped polycrystalline
silicon, tantalum suicide, titanium silicide, tungsten silicide, vanadium silicide,

polyacetylene, polypyrrole, polyaniline, polythiophene, poly(3,4-



wherein the second continuous |ayer of the electric field progranmable film
isin electrical contact with the first line array of electrodes and the
second line array of second contact dzgodes. Each second contact diode
contains a first material, exenplified by 66, in electrical contact with
(i) a second material, exenplified by 65, and (ii) a third material,
exenplifi b i ngo| . Yy idigk), materi al have
a di ffere%&%ﬁﬁ%ﬁ@ﬁ?ﬁ%ﬁ%?ﬁg& g(f) Iy;te)tﬁgar*‘)}i?érngt rgr)a?glr?yl(%}lh Tr%e third device
| ayer shamedyfutae, pdeflewenn golyphenylanesinylshe qodysaleneprenacroli®etdes with the

second devi | aver ;and.further. contains. hi.r nti | of
electric fqagli?tﬁale %oﬁ?lém%ﬂeep#]?’?aﬁﬁ aggfeagcglygl%géecg%l p frlgﬁée? P gﬁﬁ%hgﬁ}}igﬁ%ct r odes,
exenpl i fi adiftl), Rlypastylend U@ polyguindKadpbiyat@dphthyledediy) some aspects of
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enbodi nent® P {ylgé”fl St And 'Sécond cont act di odes conprise a naterial

sel ect ed f[008D]dndeRedmbolintedits ofithélpResht Hivehtion) at Rastapeparmdrprioess silicon,
n- doped anor phous silicon, p-doped polycrystalline silicon, n-doped
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pol yphenyl enevi nyl ene, pol ysel enpphene, pol y(peri- naphthal ene),
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present invention, at | east aqne pair of deyice yers share an el ectrode.
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stacked CraascPRbis, B Ry XbAIARSS 15U GARCHILRR RICTRRtadAYARTI ON
havi ng two devi ce layers on a substrate, ich 'ayers share an el ectrode.

Fi gure 9( Hjlm idépelettsical cohtackeith deet farsslireragy ofelectreddsamdnige secondbBhe at e, 57,
and two device layers,.  The first device |ayer conprises a first |line array
of el ect r W@ fe i’r‘iﬁldi“?qeé'dﬁﬁﬁh dptachligde Foraiisss e TB3ERH F’fﬁinéldlflw 3. The
first devigge; : ([ L | : § I : -alectric
el d programaniacd Piayeel Bbnd il hl oxpna Ve N T Pl oc.

wher ei n t heatérnial séxeophificd by 63 ; Whgrem tbé s¢coed elagrial awd the ehidd pacginbhavela e il m

isin electrical c act wth the_ first line array of electrodes, and the
second | i ferﬁ?&‘ﬁ?f?%“‘if’(?ﬁ&%’t‘ thit ghithe .fﬁﬁmeré%h‘&“d% Or@illlﬁj%c%%%ﬂ%d@s a first
material, #xeBRddlde®le Myer shares the first line array of contact diodes with the first

device layer and further contains a second continuous layer of electric field

programmable film 68 and a second line array of electrodes, exemplified by 70, and
insulators, exemplified by 71.

[0083] Figure 10 depicts a cutaway view of a cross-point array memory device of the
present invention with memory cells isolated by junction diodes. Figure 11 depicts a
cutaway, exploded view of the memory device depicted in Figure 10. The devices
depicted in Figures 10 and 11 comprise a p- type semiconductor substrate 72, an
array of n+ bit lines, exemplified by 73, a plurality of p+ zones doped within each bit
line, exemplified by 74, a plurality of individual electric field programmable film
elements, exemplified by 76, with a patterned matrix for isolating the individual
electric field programmable film elements 75, and an array of word lines, exemplified
by 77; wherein each word line is in electrical contact with a row of individual electric

field programmable film elements. The p+ zones 74 and the n+ bit lines 73 form an



66, in electrical contact wwth (i) a second material, exenplified by 65, and
(it) athird mterial, exenplified by 67; wherein the second material and
the third material have a different wark function fromthat of the first
material; thus formng a contact diode. The second device |ayer shares the
first line array of contact diodes wth the first device |layer and further

cont ai ns arapoePnRdlation didddgushitiaylestriodllyekelateth€ intdrled mepicrg callgbl e fil m 68
and a second line array of electrodes, exenplified by 70, and .insulators,

exenpl i fi éepding Pritingoerasng @@w(@esf@gcféfﬁﬂ thesotheranemorirells Buwhsdewcer oss- poi nt
f | db
array me 6(¥8 g‘WhlﬁeethQ deli ??s %egﬁ&éc?ﬂltthé ?ﬁ@gﬁ&#‘&{lgﬁ?g\g@%ﬁcggygfs t'oﬁo ated Dby

junction |od Icts a e nenory
devi ce demirﬁplﬁxﬂty; mlalfgegmmmblzﬂxs cBhenqﬁau:ctm&cc@idmcmtvadl ihe abpendedslaifds.and 11
conpri se aa(g) sem conduct or. substrate 72, an arr% of n+ bit |ines,

exenpl i fid Ivsomae@baﬁhamfsw fghe Bmsez%W§n%b§tF cApatHs Heach bit i ne,
bl
exenpl i fi ed, ré“fﬂ%@gﬁ%ﬁ# hé Béfed‘;afg a'rﬂ&{ %ﬂn &lcﬁ&t%brﬁét R X(g}eparsf?% i e

film ele apaterne I solating the
i ndi vi dualthis ein®otiment ftheﬁddm@gammahhlfﬂmfmhmhaleeanuhn:ﬂcseszfo,f SendoGnmgr ray of
word |ines lifie |ne h\/\odlineisiﬁ{tgelectrical

cont act vmagtﬁmég{"r%%lgfto %%P%‘r %IltFéPatB’Ie[?’elt(]"iocl S| & PPEASBHIRSI @5 i | m el enent s.
The p+ 2ony oﬁ‘hl-‘&ﬁ'%é th '?ﬁ;aybde lgjoe&ﬁ of B cbifull oxzs%nﬁ&flﬁmc éu%edra&l on

di odes, ectric |so te the i nten menory cel ror reading,
writing, e{O@M Ng aamohag dr dstaistigagdermodd, pmgmrtmmngrmﬂueqdmgbf mdwmduaﬂle devi ce.

[ 0084] Wil e the devices de |Cte in the Figures show o a .few. device
| ayers for™ rg?rafﬁpﬁscmbe agcp pb%}e éiﬁBBlmgstogéﬁlF%‘rFﬁF‘BP%“’hlr? wl@gt fadice with

t he appen%ncrlgllzgeg@ Fg)roér%aﬁg sdlfbt ?{fé’ﬁﬁ)r? eheg zﬁ%@&?daﬁa staft€a %51?&%% enventi on,

the electric fi rogrammable filmmay be as a Umfor mass data
st or age. Isalecieerasyyart] acfub-frogrememitagk wemad thekvell to éd¢tempne gwhandmdbtetef i | m may
have a thi.ckness of 5 to 500 nm alternatively 10 to 200 nm alternatively
10 to 100 W™ n some aspects of this enbodiment, the film may be di sposed

on a CondL[Gd)Sﬂgn@6m§‘é‘ﬁb6@iﬂ%€stdfﬂﬂe ﬁﬂé%ﬁ {rReftion, B%%@raééls%clﬁ‘f@m By Of data
st orage node, progranmm ng and readi ng of individual Tnenory cell’s can be

acconplis hieglying appiage pylse sequenes at @ppropriaie yevels! tb readvasidtpageraimrithea gi ven range
t th d t , | yi to th

sel ot ey gt S5oeay s vtk AgEercr EiRents LErpriE RURR: m ne. wha
data st at gnay e dpprdximale ﬁi]v tbﬂZW@%r@éﬂﬂ@hH’@Wt&fOV RereRd esent i nvention,

data storage is achieve appl ying a vol tage pul se sequence at
appr opr i at/dtdreariokly, the arpela wolthgp mogrbgrapptoximatelyepy todM toggogtemiandd. | n sone

aspect s OfO.i\P oV reag ' Bhe Ei’lle& r1]r(13 th%%?tlxil' dlm\ﬁg)edla%gy recognize that the voltage
applied for the read must be less than the minimum program voltage to avoid a “read
disturb”, or unintentional re-write of the cell. The term "minimum program voltage"
used herein and in the appended claims refers to the minimum voltage required to
change a memory cell from one data state to another data state for a given device
configuration. The duration of the pulses may be 0.5 to 10,000 nanoseconds,
alternatively 2 to 100 nanoseconds, alternatively 1 to 50 nanoseconds.
[0088] In some embodiments of the present invention, the methods of the present
invention further comprise reading data programmed to the cross-point memory array.
In some aspects of these embodiments, reading the data comprises determining the
data state of at least one of the at least one memory cell by determining the
conductivity of the electric field programmable film in the at least one of the at least
one memory cell.
[0089] In some embodiments of the present invention, the electric field

programmable film includes a first data state, a second data state and a third data



may be approximately -12V to 12V to programand 0.2V to 10V to read.
Alternatively, the applied voltage nay be approximately -5V to 5V to program
and 0.2V to 4V to read. One skilled iny the art will immediately recognize
that the voltage applied for the read nust be | ess than the m ni num program
voltage to avoid a "read disturb", or unintentional re-wite of the cell.
The ter m "spid) wWRePoi P R ATradavPithd @Brrespofi@chohefiied it prashdeytdib6f dppRgRd cl ai ms
refers to the mininumvoltage required to change a nenory cell from one
data st at dieldpragemeadlelfite whegeia thosecandydaje pratgeapriesronds i 2 safeBEi on. The
duration S, : tively 2 to
100 nanos%%8%%@?92F?§?H%$¥%eﬁ@giéﬁ%ggégﬁgﬁ%ggggﬁgggﬂ%g§§gTﬁ#%ﬁ%%ﬁe

enmbodi mentseatddorteBporelk &S & fiird inrdandestatd bitherelebwidSietd piogeanpmhelslefilm. i nventi on
further conprise reading data programmed to_ the cross-point, menory array.
In some aig&Qﬂ dn geme pabadigenisdif tspresent myantiy, theanethed frstsingsBultiget er m ni ng

doter m n 20 hon Y mhot RSl IRk U3 SR Mot aFRTNOERE: Y i e
at | east onevidihg it laie dregsprovizigy areont necetdy; sdl&didglan letecatmgielénbodi nent s of

the present invention, the electric field programmaple filmincludes a
first dat@regranmable Huceompogion feqr, fmiiiion A M 19T QOQB;QPQPE% #herein the

first datastal depaRAgNe M it e Heck ARG Ah ALl Hin e el ectric

field progr amm%ilgem? erein the secon astate corresponds to a
second i npapasitden;yiratidingfat tdast arke edniorg cbll edrel prising theraleddiefieldl m and wher ei n
the third data state corresponds to a third inpedance Sttﬂte of the electric

field progregiaprBlerfilmy diprasodpithip arHaldMsEaF b WESN AtHeashPRsRiAt
| nventi on, gk ReHIRRNAEL Q% a7l 3t leag oY Wod 1 fn 1H24Rrd Dndad BRI EV! Ce

conprising a cross-polnt nenory array, conprises: providing a'bit line
array; prelcdically aowpediwith niee @trleaayonestat ot amighaat lehse ohe word lied; dnd
programmabl e. fi| m coppositiaon from fornul ation A and formul ati on B;

obt ai ni ng VAHINEAELO N CIOFPUNLTGHP RN % FAPIANGR PIPEFHR VIR ATXSt i el d
progr am%@eléé&i?ﬁeﬁl%&%h&?%ﬁ% fild ﬂlvdt@éars‘ﬂcl)&tof!trl%@éttlieeﬁﬂ gn%%%gy &&l o

conprising the electric’fie programmable film (1) disposed wthin a
spati al i mpregraechd @redseoneefithant leashone memoby cell foiane of at kehst thiet | i ne array

and at le one, word line in.the word line. arr nd (ii electrically
coup! ed il fFrE il ites heEHA R ARG ShTBPsRS @ AnREdL{eatt eARton ne:  and
writing d%ﬁoxta‘?ldtak‘f’ea&rciﬁlzr%a&%ﬂrac%@f Mhé}éi'hfak’ 1da¥t &ﬁﬁnlfl(f)@lge & l@a[sP?ﬁéam vol tage

across the electric f programmable filmin at |east one of the at |east

one nenor glecebh dowor apd Gigy thenat least @ane kleatsen aweptof istchematally dbastd trthe nenory cel |
to one of  at Ieaatwthr.ee. differe dat a wherein fornul ati on A
r1

conpri ses binder; and whergin pither (1) %atgqt:aéh?qeoﬂesctt%tn%;nor comprises at least two

electron donors having different ionization potentials; or (ii) the at least one electron
acceptor comprises at least two electron acceptors having different electron affinities;
and, wherein formulation B comprises a binder, at least one electron donor and at
least one electron acceptor; wherein formulation B either (i) contains less than 0.05
wt% of electron donor(s) or (ii) contains less than 0.05 wt% of electron acceptor(s);
and wherein either (i) the at least one electron donor comprises at least two electron
donors having different ionization potentials; or (ii) the at least one electron acceptor
comprises at least two electron acceptors having different electron affinities. In some
aspects of these embodiments, formulation A further comprises a donor-acceptor
complex; and, formulation B further comprises a donor-acceptor complex. In some
aspects of these embodiments, at least one electron donor comprises at least two
electron donors. In some aspects of these embodiments, the at least one electron

acceptor comprises at least two electron acceptors.



donor and at | east one electron acceptor; wherein at |east one of (i) the at
| east one electron donor and (ii) the at | east one electron acceptor is
chem cally bound to the binder; and wWwrein either (i) the at |east one

el ectron donor conprises at |least two electron donors having different
ionization potentials; or (ii) the at |east one electron acceptor conprises
at | east t1409Hl REbMRRNAHERRERS §fﬂﬂ@gtd§&t%xfefnﬁ6§%e flegfoly Qeviad Edmpridess;  and,
wherein fornul'ation B conprises a binder, at |'east one el ectron donor and at
| east one alleast vercragsemptonemoryearey s fornulatlon B either (i) contains |ess

% of
el oct ron_ A008sh SrpEsRodiinGRE Rl tsehl o iR 0P JEETpLSANGIER, [ °

donor conpik $ifovahg ER@8plet WRoR tBELAIT thelgHeaticaliasedng tibl dxapipditard oni zati on
potentials; or (||% the at | east one el ectron acceptor conprises at |east

two el ect roilalle fproAldrichhegienli¥idmenkeeeWdet ron affinities. In sone
aspects of these enbodi nents, fornu % § further conprises a
donor-acceptor conpl ex; and, formula n further conprises a

donor - acceptor conpl ex. |In sgyBthedis pLEd18 nafopahikse® enbodi nents, at | east one
el ectron donor conprises at |least two electron donors. .In sone aspects of
t hese enbodOfdnteld napepasticleeyste safn@ew@c%trrw tQRREEHIET Usikghbedwd at | east

two el ectr ent,o MI ng nt

i nventi on, &?ﬂﬁ%% %A f?is&%g%%g%%%%% eaglafaé%grégé- SB&@gﬁenn ry
arrays. [ 0&912&11118@0&) Qﬁiﬁ@@%])WEWSS{ntl)Ifimbll‘e}G{mm&)aQ)Iﬁtettaﬁwlefﬁaluﬁﬁ awdl | nOW be
described in detail 1n e follow n | es. Note th

cheni cal s GbACl-3AHo Qb i X Q0vmildiditess @nL)anavqt@bw WWA@@FIP% ﬁf %;’h@@.(é%r‘
M1 waukee, W) Examphs on%{‘gﬁbﬁﬁhélnofioogémofﬁ@ﬁé’pﬁﬁé nBhER &é&os?ﬁr]egeo' d

nanoparti e IErE n es ze erature using a net det ai |l ed

by M J. Hogbwubleifor Hmnﬁlltes, The gganic 1ayér4w(si|s9%)tted7and'lfc tl&nse@qm&ﬁus sol ution
containing 7.0 of tetrachloroauric acid

?ra %3 8mII|m)IecfmmI) "’Z

( HAUCL4. 3Hreynic {ayen pas 4eri|7|2gé$%6 iol) dedeganeiol@ES Hd ddw raswWitnaut i on of 27.0
g (49.4 tont x%srs?i?r%w{gaf?@g{ AT 80 O fiathft. 9090181 %ofﬁhﬂﬁnga E‘Psd“ xture
was stirre VI gor ousl or m nut es. e organic wa parat ed, and

to the sepanmidd 100rggffmeaerlxeasetherwa£zieddde¢ ms%cg)efl&ﬁmﬁthmn@irbuﬁﬂdﬁﬁ@net hi ol
(DSH). The resulting solution was stirred for 15 mn at roqomtenperature. A

sol ution o%ndrahgmul(tleggngturq%s fugthsr stirred fond hgt srompipmaeratars- (Ihedaddded over a
10 sec peréo@% wtc;l{:\'en\é Jﬁ%eoxw&s cgc;lfeE{eHr\gas]I]ﬁgg&élg?Evﬂ@%)Pllﬁ]ﬂ gﬁkvg}e%‘hé’ihg ahas further

stirred f m t enperature ol ore uene phase was
col | ect ed, separatveyl fllnmb&dvmﬁllibeﬂl@ﬁ)vaﬂumfto wppreximisélpd0anL. under vacuum in a
rotary evaporator. At this point, 300 mL of ethanol were added, and the sample
refrigerated overnight at 3°C. The precipitate was then isolated by decanting, and the
supernatant centrifuged to recover suspended matter. These recovered solids were
combined with the precipitate, washed with acetone, and redissolved in 40 mL toluene.
To this solution another 300 mL of ethanol was added, and the refrigeration,
decanting, and centrifugation repeated. The resulting solids were again washed in
acetone and dried to yield 4.58 g of gold nanoparticles having a bimodal particle size
distribution.
Example 2
Synthesis of 9-Anthracenemethyl Methacrylate/2-Hydroxyethyl
Methacrylate/3-(Trimethoxysilyl)propyl Methacrylate Terpolymer
(54/17/29 mol/mol/mol)

[0094] This reaction was performed at several scales. In a typical synthesis, a 500

mL round bottomed sidearm flask (the “reactant reservoir”) was charged with

propylene glycol methyl ether acetate (PGMEA) (117.5 g), 9-anthracenemethyl



separatory funnel and reduced in volunme to approxi mately 50 nL under vacuum
ina rotary evaporator. At this point, 300 nL of ethanol were added, and
the sanple refrigerated overnight at #C The precipitate was then isol ated
by decanting, and the supernatant centrifuged to recover suspended matter.
These recovered solids were conbined with the precipitate, washed with

acet one, %&hﬁ&?la&sab\oegi 168 nfifolylo-hRirbeyethy]l mbghdchiiste $082 i SN4anablyer 300 ni

of ethanol was added, and the refrigeration, decanting, and centrifugation
r epeat ed. %ﬁemﬁwlysﬂyi)yr@nﬂlmhmleteé@%? 8. ¢ muepl) and Bemylpesosnd dried to

yield 4 5%.gigl 391930310880 16! BN N3 Bl RARL, RAR ehe RhSGue

Met hacryl aﬁlsé %oi%éf&m @h féléctroﬁ/feﬁmasdxﬂﬂoﬂé@f)&nﬁ Wak igkhed sisough the senyth
Met hacryl ate Telrllgol ynmer  (54/17/29 nol/nol /ol 1 [0094] This reactl on was

per f or med <. gelleBaieck Haskewith battemivalyiedte “gﬂ)aﬁ@%%mel” WEDEAIUIpRE r"dﬂh%l

bott oned sji dearm. f],ask

propyl eneslbﬁag)g%fna ?ﬁ'ﬂlgﬁl %‘eltrol{rggseél%?% ?%ﬁ%ﬁn?&%gant%r acenenet hyl
26 net hacr(‘llaﬁsbﬁhéeﬁﬁt&rﬂal pr6Be mhﬂoco@layammewyﬂ DRt dmwilyhaing N»6. 82 g,
52.4 mmol ), (trlrrethoxysHyI)pro met hacryl ate (22.2 g, 89.4 mmol) and

t-anyl periodey. The flaskaves qiargsdgyitgBG Eﬁtﬁl put 3p3e)fand &k Kﬁﬂ@e\‘ait‘ir? ##Swith a

SR T L T P

bot t om val yendh&einitia@3Gbiu®ion wes $&d frbmvtﬂéreeauntpbﬁiﬂvcm irfto ¢he rbsaionvgssehnt | e,
vari abl e autotransforner, Friedrichs condenser, nechanical stirrer, Cl ai sen

head, t her#iregniarhdecdinisrafebenip) @ mbfmbaseg agleronzrlly sortrled@umpand N2
niet. Thedchidgls peRaGiALARTa I dSRVER ARPHIMER Rh ARG (b egper at ure

was then(rals eqw bratée bove descri bed

mononer - i nfekd ﬁhﬁrofabd)uttllzomlmsfaeniev?ercbrmpda&dnqﬂatomrﬁfthe&edwhe keactito t he
reaction vessel at a reactant feed rate of about 1. nL/ mn using an

el ect r oni cWpd Sfireedrit feannesaiuis fap30 moryteso gh Whigh élmecm&q@%ééphﬁmf EQMPbr £ 1 ow
h |
hoh eved. Ron WelHRL70A 207 RL D POMER o i g iniifionhey M 1 oS

t enper at ur@tef (ﬁTabBQt M 9ol ¢/in Qich ikt @lthéderfecdatid e gastsnrd 30 heseteofvat - anmyl  per oxy

pivalate (7.5 g, 27.5 muvol) and PGVEA (25 g) was fed into the reaction at a
rate of abibieved. 1Aﬁﬁtvhm1wt1§i9éﬁhatSﬁa\tasaO@nk@EetWé@PtWrﬂéaSéﬂrraééht 30 ninutes

was achi e i was
stirred at \éﬁlgeraﬁ‘fré %r aglhd% gfr&hgln}?oglgf&hwona 2%(%8 Wéﬁg%‘é%{h%& Fi%%eyea o
t enper at urzesuiﬁﬁletcbﬁmﬁfeer Beltibe concentration was about 13.7%.

Example 3

Preparation of an electric field programmable film composition

[0095] An electric field programmable film composition was prepared by combining
the polymer from Example 2 (13.67% w/w solution in PGMEA, 1.74 g solution, 0.24
g polymer) with the gold nanoparticles from Example 1 (0.06 g) and a 50/50 w/w
blend of methoxybenzene and 2-heptanone (12.93 g) to form an electric field
programmable film composition. The composition was agitated overnight on a
laboratory roller to dissolve the components, sonicated in an ultrasonic bath for 10
min and filtered through a 0.2 micron membrane filter.

Example 4

Fabrication and testing of a memory cell

[0096] A memory cell was fabricated by spin coating the composition from Example
3 on a4 in. silicon wafer (p-type, 0.0001 - 0.1 Q-cm) and baking on a hotplate at
110°C for 60 sec and then 200°C for 60 sec to give an electric field programmable



a suitable container. Solution concentration was about 13.7% Example 3
Preparation of an electric field progranmable film conposition [0095] An
electric field programmable film conpogition was prepared by conbining the
pol ymer from Exanple 2 (13.67% w w solution in PGQVEA, 1.74 g solution, 0.24
g polynmer) with the gold nanoparticles fromExanple 1 (0.06 g) and a 50/50
w w bl endjgfn Y&%@s%%f%b&ﬁ@@m‘ﬂemlﬁﬁﬁﬁﬁ dolPotHBo@) 0.5 trh @ Masfeted! ectric
field programmabl e | m conposition. The conposition was agitated overni ght
on a | abemndtbeyt 415011111 ef thigknd§sssok wlwntdvepqr@tnédw@maléy oB top efthedletmican

il or . edhorde e O TaREhe basBb el 2ekhafs s 2edhit Soder Th meoror y

cel | was fabii Catesh- Wtag@bﬂar@aeﬁstﬁwerbem@@maist 5@1(&1&1&1@ Exprwle 3 on a 4
in. silicon wafer (phﬁg 1:_[’190 0001 - 1 Qcm baki ng on a hotpl ate at
thrap s

110C for 6lectemetanavi oCweEr cenﬁgwd @Sogrgunﬁearniﬁheabmmum dotse| d

programmabl e~ 27 f|| hav n hi,ck ss of about ots of
about O. SCrOBfr"rgurﬁd km eé:ttrgg 1reme?sutr% r& agsﬁr%g‘ f“%ﬁepﬁqevaporat ed

thernal l'y dIlabVEbv@ioﬂv{?kﬁ‘e @N@tfdrfal mstrﬁmelhtgi Q@Sp)}; pedralhed initigy fy Pu@p a shadow
mask at a pressure of about 10-6 to 5 X 1 torr. Current-voltage

characterl§Nﬂ@éywé¢éhﬂéaéhye@mnéWh@VdoﬂH?VﬁméiﬁﬁsﬁﬁApeVéEYraﬁéter with the
silicon wafer..confi round num dots configured as the
wor ki ng efgég?%%f f%ﬁgggﬁfcpeenﬁguwygﬁé%?e LIS ghder the control of LabView
software (National Instrunents Corp.), programmed initially to sweep from
0. O Vto about 7. 0V, froma 7. 0 Vto 0. O Vand fromO. 0to -7. 0 V.
The resulting current-voltage curve is provided in Figure 12. 28 W claim
1. Anethod for storing nulti-bit data in a nenory device conprising a
cross-point nenory array, conprising: providing a bit line array; providing
a word line array; providing at | east one nenory cell conprising an electric
field programmable film (i) disposed within a spatial intersection between
at least one bit line in the bit I|ine array and at |east one word line in
the word line array and (ii) electrically coupled wth the at |east one bit
line and the at |east one word |ine; and,



witing data to the cross-point nmenory array by applying a programvoltage
across the electric field programmable filmin at |east one of the at | east
one menory cell to programthe at |eagt one of the at |east one nenory cell
to one of at least three different data states. 2. A nethod for storing
multi-bit data in a nenory device conprising a cross-point nenory array,
conpri si N@yve Plafiyi ding a bit line array; providing a word |ine array;,
selecting an electric field programable film conposition fromfornulation A
and fornul atiod. B; dbmatheddgr #ering multi-bit ddth én @ msmeyy deviebP@nprisipg i t h t he
electric field . programable fil.m conposition; providing at | east one nenory
cel | corrpIcfossf'ﬁ&m?Hle?gréqr%é{r?*éoﬂpgflggprogramrabl e film(i) disposed within a
spatial interseediging ReiveRArAY; | east one bit line in the bit line array
and at |east one word line in the word line array and (ii) electrically
coupl ed with Previdingeexsd lisperrayt |ine and the at |east one word line; and,
witing data to the at. ]east o ne . Vi vol t age
across the el eQfPT L eaﬁﬁp 8&%311%%% ieg?rlﬁﬁjrlﬁl?ﬁgq %gahénﬁégiyﬁgg{aﬁ%%r ogram
the menorymqeldisgosedWRhidfa phtidla@isettionaRtwiédnt £ 1Bt ortadielind iattRsbit wher ei n
fornmul ation A conprises a binder, at |east one electron donor and at | east
one el ect dina agey: apd drleashprg wprd line indbaswyoinesarayiand (ikelegtrialystoupled el ect r on

oL naadvithk af (R Bhe LERE 400 et RELISR ARATREL o SUeT Cal Y bound to

the binder’" erern either east’ oné el ectron donor

conpri ses at | eagingtdata ©ltRE trosdipoidomemsryhaiyrty abplyfieg eptodramivolthgeon
potentials; or (ii) the at |east one electron acceptor_ conprises at |east
two el ect reipsabeemcicstigla proggammable fdmtin af kastogp Oﬁﬁleiaﬁi‘@caﬁ%@}e IGOTY29 wher ei n

boel oty 380 B SOTRG B89 Ao ek ILEAHE BAfs] EAY B SRRl | Past

one el ectron a rern ftormula contains l'ess than
0. 05 w %dofferehtelata aregdonor (s) or (ii) contains |less than 0.05 w % of

el ectron acceptor(s); and wherein either (i) the at |east one el ectron
donor conprised-at leBsthodipr gpieg myhi-bigdata ita Remasy deYies eQTBAYSINGA| zat i on

potenti al Srosd Oﬁlitiaieﬂw??ﬁlgg ’Iﬁgf;@h@ge el ectron acceptor conprises at | east

two el ectron acceptors rent electron affinities. 3. The nethod
of claim1l, fumpkhedingamirlireiasgyreadi ng data witten to the cross-point
(rjrermr y array. %iovTic?iﬁg gevsot}g?ing;rrg}ll;ai m 3, wherein reading data conprises
et erm ni ng
selecting an electric field programmable film composition from formulation A
and formulation B;
obtaining an electric field programmable film with the electric field
programmable film composition;
providing at least one memory cell comprising the electric field programmable
film (i) disposed within a spatial intersection between at least one bit line in the bit
line array and at least one word line in the word line array and (ii) electrically coupled
with the at least one bit line and the at least one word line; and,
writing data to the at least one memory cell by applying a program voltage
across the electric field programmable film in the memory cell to program the
memory cell to one of at least three different data states;
wherein formulation A comprises a binder, at least one electron donor and at
least one electron acceptor; wherein at least one of (i) the at least one electron donor
and (ii) the at least one electron acceptor is chemically bound to the binder; and
wherein either (i) the at least one electron donor comprises at least two electron

donors having different ionization potentials; or (ii) the at least one electron acceptor

comprises at least two electron acceptors having different electron affinities; and,



the data state of at |east one of the at |east one nenory cell by

determ ning the conductivity of the electric field progranmable filmin the
at least one of the at least one nenojgy cell. 5. The method of claiml1,
wherein the electric field progranmable film includes a first data state, a
second data state and a third data state; wherein the first data state

corresponds to yhehdih FrntuIRRAAD OB @ bhdek, e l@beserdldetioh @loHoPdnagit ammabl e
film wherein the second data state corresponds to a second i npedance state

of the elleast pnecel¢qteincicpenio: arersit ©rmulagoaBecithetiseontaingloshthag Ot a state
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donor - accept Aheeipitieor (i) aat leashericcdlectfonrdoubnd dndptisBs htleddi ewo eleopsn Ses a
donor - acceptor conplex. 7. The nmethod of claim1, wherein the nenory device

conpri ses denotséuring diffgrertrioizatingl prtentiati oy ik thesideasgoneselestennicaceenton ~ menory
array devige, ¢ r1.Si Lt |1 ay ;. r | -ay; and, a

mul tipli cict(:6 91 PG gs%rlréoa%@%eﬁl Cst1%(rzloar?1£)(lfﬂ|E (grls??é{;@% dlef?eéé(’[:}?re?eg{rk ﬁgffg{l{ﬁ?gyogr anmabl e film
(i) disposed w3 hin Eneshéhbdbf ¢lninel sfaghéraonipeisigasaditig Haasiriteaeo et 1ine in
the bit line array and at |east one word line in the word line array and
(ii) in elERWMOXUEMERRAPBIAAY with the at | east one bit line and the at | east

ore uar | e et ol AL TR, D PRTBLI AUARY AR SEERL it
Cr 0SS- poi nhe d@pwiak @rat st de\ifclee afleast @ieménory cell by determining the

conductivity of the electric field programmable film in the at least one of the at least

one memory cell.

5. The method of claim 1, wherein the electric field programmable film
includes a first data state, a second data state and a third data state; wherein the first
data state corresponds to a first impedance state of the electric field programmable
film; wherein the second data state corresponds to a second impedance state of the
electric field programmable film and wherein the third data state corresponds to a
third impedance state of the electric field programmable film.

6. The method of claim 2,

wherein formulation A further comprises a donor-acceptor complex; and,

wherein formulation B further comprises a donor-acceptor complex.

7. The method of claim 1, wherein the memory device comprises at least
two cross-point memory arrays.

8. A cross-point memory array device, comprising

a bit line array;

a word line array; and,

a multiplicity of memory cells comprising an electric field programmable film
(i) disposed within a spatial intersection between at least one bit line in the bit line
array and at least one word line in the word line array and (ii) in electrical coupling
with the at least one bit line and the at least one word line;

wherein the cross-point memory array device contains data stored in multi-bit
format.

9. A data processing device comprising the cross-point memory array

device of claim 8.





