MEMORY DEVI CES BASED ON ELECTRI C FI ELD PROGRAMVABLE FI LM5S BACKGROUND The
present disclosure relates to electronic nenory devices based on electric
5 field progranmable filnms. Mre particularly, the present disclosure
relates to electronic nenory devices that exhibit bistable behavior.

El ectronic nenory and switching devices are presently nmade frominorganic
materials such as crystalline silicon. Although these devices have been
technically and commercially successful, they have a nunber of drawbacks,
i ncl udi ng conplex 10 architecture ‘and hlgh fabrication costs. In the case
of volatile sem conductor nenory devices, the circuitry nust constantly be
supplied w r Ln r% r j I he stored information. This
results in H@@%Pﬁ Déﬁ@iﬁhﬁﬁﬁb &gFﬁeggﬁgﬁﬂégkgﬁ%ANB%@@Bfﬁpﬁle sem conduct or
devi ces av0|d thls probl em but have reduced data storage capability as a
result of her coaneX|ty inthe circuit design, 15 which results in

hi gher pro YUsts. Alternative el ectronic menory and sw t chi ng
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|npedance state and a | ow i npedance state by applying an electrical
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swi t chi ng devi ces or exanple in thin films of anorphous chal cogeni de
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oxides in organic matrices eria been prébosed as
pot enti al @dm@mdaﬁeﬁyﬁ@m&$ﬁ0hv@b&ﬁwhe®weﬁ@wwégk&®5uﬁn@umh$r of different
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devi ces bas on sem €on uctlng materi a ese architectures reflect a
t endency towasd slews«pe(thea;imza:t mtm cwsttlhtlyr*:eg@pdcd oitldd fufrentemndrdérasks.  For

exanpl e, natri ation, in a single plane such as a
t hin f||ﬂ1“mmawnﬁég in 39 F?e %%%Mﬂﬁglo %1%Jxﬁﬁra | ar ge nunber of

accessi bl ecomanriitign. Non- voiatﬂe semiconductor devices aVOid this probiem but have

reduced data storage capability as a result of higher complexity in the circuit design,

15 which results in higher production costs.
Alternative electronic memory and switching devices employ a bistable element that
can be converted between a high impedance state and a low impedance state by
applying an electrical voltage or other type of input to the device, Beth organic and
inorganic thin-film semiconductor materials can be used in electrenic memory and

20 switching devices, for example in thin films of amorphous chalcogenide
semicenductor organic charge-transfer complexes such as copper-7,7,8,8-
tetracyanoquinodimethane (Co-TCNQ) thin films, and in certain inorganic oxides in
organic matrices. These materials have been proposed as potential candidates for
nonvolatile memories. |

25 A number of different architectures have been implemented for electronic
memaory and switching devices based on semiconducting materiats. These
architectures reflect a tendency towards specialization with regard to different tasks.

For example, matrix addressing of memory location in a single plane such as a thin



| ocations while utilizing a reasonabl e nunber of lines for electrical
addressing. Thus, for a square grid having nlines in tw given
directions, the nunber of nenory locations is n2. This principle has been
i npl enented in a nunber of solid 5 state sem conductor nmenories. In such
systens, each nenory |ocation has a dedicated electronic circui.t that
comuni cates to the outside. Such communication 1is acconplished via the
menory | ocation, which is determ ned by the intersection of any two of the
nlines. This intersection is generally referred to as a grid intersection
point and may have a volatile or non-volatile nenory el ement. The grid

i nt er sectil® i AP ROTHEIRERE TS HBieVEbpIFE SEmES of @&Isﬁtfl? Bfmdévi ce such as an
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|nplenente e grid intersection points using various bistable

mat er i al $tatd-demvre’ructomﬂyorwednFlehwsymkrm}mn@losﬁt lablien fidskns are i nhonogeneous,
mul til aye o si.te ru f ve met hods, which
ar e expenc%zlg;\r/:eétecgeﬁg‘omc c1rbu1§tth tC?I%\HlU]% ates?%t@t%%ﬂ%xr?eolsg% c:g%ﬁﬁgg_ﬁq?}o}én t hese bl st abl e
films doimmtmaﬂﬁmﬂdmﬂhemenpgkmummvvmm@mhmﬁabﬂimabamgw&mbmﬁ in topographies

rangi ng fromc formall(#1 | anar . BISt ble fi fabr cated using
pol ymer wooce%ghenl el ectfon 1srga{u:ir r@rreaftlgréed t%l@]qear %mter%eicn ormgeneous and

t her ef or qaohmsmu haitaee Jﬁﬂanioaabmmﬁaumgnmnmlmmn 'Hlﬁ@n:hﬂf&&ﬁ@ibzer - scale
eIectronlc nenoré?and swi tchi ? %GVICGE Stl t ngt table films can be
cont r 8 | 9} e ‘%8?%?@%“HV”§’& idaf &' Adlstr ‘g"L $'REHE™S but their

oper at i Oraddfeiy wieSredlicgHcrbS Al auirm{ohg ﬁ%e&ﬁdmﬁxm&:akdtﬂ’g at the grid

intersection points. 25 Such fil ns | | er _fromthermal nanagenent
pr obl ens, mﬁﬁvekﬁ?GHSﬁﬂﬁé¥duﬁﬁﬁ§ﬁﬁﬁFW§ aY@ﬁﬂ??%%%%@% MR afford only a

small deggigtemgtb,ggp&h\egggt iab) oBs. between the "conductive" and
"nonconductive" states. Furthernore, because such filns operate at high
t enper at ur es, Sererli el frd RN E At RY AR ACKBRFRRATENEE Pluct ur es  t hat

al | ow 15” gtlﬂe QL@({]&le}sﬁctﬁg B@ﬁty uﬁﬁﬁaﬁg@ bistable materials. However, many
currently known bistable films are inhomogeneous, multilayered composite
structures fabricated by evaporative methods, which are expensive and can be
difficult to control. In addition, these bistable films do not afford the opportunity for
fabricating films in topographies ranging from conformal to plonar. Bistable films

20  fabricated using polymer matrices and particulate matter are generally
inhomogeneous and therefore unsuitable for fabricating submicron and nanometer-
scale clectronic memory and switching devices. Still other bistable filins can be
controllably manufactured by standard industrial methods, but their operation
requires high temperature melting and annealing at the grid intersection points.

25 Such films generally suffer from thermal management problems, have high power
consumption requirements, and afford only a small degree of differentiation
between the “conductive” and “nonconductive” states. Furthermore, because such
films operate at high temperatures, it is difficult to design stacked device structures

that allow high density memory storage,



3 Accordingly, there remains a need in the art for inproved electric field
programuabl e bistable filns that are useful as subsystens in electronic
menory and switching devices, wherein such filnms can be applied to a

vari ety of substrates and produced with a variety of definable

t opographies. Further, there is a need for 5 electronic nenory and

swi tching devices conprising electric field programmable bistable filns
that can be produced nore easily and i nexpensively than known devices,

that offer nore useful differentiation between | ow conductivity and high

conductivity states, that have reduced wer . | requirenents and
that can be st%EKEEYY m@&?ﬁﬁﬁ%“%bﬁ?ﬁéﬁ?% Pnﬁggggggggg?%ate el ectronic

devi ces of B, ghehbIEBRSIE Hims thhOur SUMMARYubsh neroneslaspec tipmeryeohposi ti on for
the formation of an electric field programmble film the conposition
conpri si ngYachas ATWee WERER S5 SEBIFHORI PPON ot VY § BPECIT MY matri x materi al
wherein the gdiel Gk £ i fie Rk GdiXat b 8 hie6 QPR SBSe @A neadrtgani ¢ pol ymer and/ or
a inorganic oxide; and an el ectron donor and an el ectron acceptor of a
type and ivecapniamourry *of FEEHPy VS SREUTHEIETEBET POBFFERE pr ogr anmi ng.  In

anot her asggg&?ﬁﬁgﬂglgﬁgg%ﬁd&£§kgmg&gg&§nﬁﬁp&@w&}hﬁﬁﬁﬂﬂ@wises a dielectric
: e

matrix materral, wherein dielectric matrix material conprises an

organi ¢ podiapives; thapefily oereasdi diiganiaciooRirdeen e at €t hoR d6hor ; and an
el ectron ace lg:ttigf{t}} stelltgs, @Q&E%%E%L??cﬁg%%er ar@_tﬁ@&mgﬁu{rgﬁqnﬁ%ﬂgmp&!ﬂlr I'ng an

electric fi€rd programm conpri si ng appl yi ng the conposition of
C ai m 1 t obestskibish vatoss coafighrdBny te fabviFarpiacheiagiglige at higeonittle appl i ed
conposi%ion to forma film The present invention offers the advantages of
sinpliéity of manufacture, higher device density and reduced cost of
producti onsuNikesred ectric field progranmmable filmmay be used in cross

point array data storage device st dat.a. stornage devices, and the
like. In addit%ﬁﬁ?a?ﬁggb EE?PP3§ Pgﬁ%%%ggﬁﬁannagﬁé fil'm 20 may be used in

devi ces hayicggnith@kitidhehqloagtsiton sulystsingt esirixiprrorganPeroxicder subst rat es,
a dielectric matrix material, wherein the dielectric matrix material comprises an
organic polymer and/or a inorganic oxide; and an electron doner and an electron
acceptor of a type and in an amount effective to provide electric field programming,.

In another aspect, an electric field programmable film comprises a dielectric
matrix material, wherein the dielectric matrix material comprises an organic polymer
and/or a inorganic oxide; an electron donor; and an electron acceptor.

In another aspect, a method for manufacturing an electric field programmable
film comprising applying the composition of Claim 1 to a substrate; and

15  removing the solvent from the applied composition to form a film.

The present invention offers the advantages of simplicity of manufacture,
higher device density and reduced cost of production. The clectric field
programmable film may be used in cross point array data storage devices, stacked
data storage devices, and the like. In addition, the electric field programmable film

20 may be used in devices having flexible plastic substraies, inorganic oxide substrates,
optical devices, in switching efements for light emitting diodes, in switching

elements of other electronic devices such as sensors, as actuation elements in micro-



optical devices, in switching elenents for light emtting diodes, in
swtching elenents of other el ectronic devices such as sensors, as
actuation elenments in mcro el ectro-nechanical systens (MEMS) devices and
in control applications in mcrofluidic devices. DESCRI PTION OF THE
DRAWNGS 5 Figure 1(a) shows a schemanc of an electric field programmble
film Figure 1(b) shows another schematic of an electric field
programmable film Figure 2(a) shews a cutaway view of a cross-point array
data storage device wth a continuous electric field programmable film

Fi gure 2(0)..Shows .A- LUk AWM Mg Welles 846X @88sIREhILLAL 3y data storage device
10 with a plurality of pixilated electric field progranmable fil m el enents;

Fi gure 3( ayicshods davisghemati ¢ di agram of a cross point array device

conprising electric field programmable filmelenents; Figure 3(b) shows a
schematic diagram of a cross point array device conprising electric field
progrannahMECRnﬂﬁweDéWﬁﬁﬁgﬁvaGEigure 4 shows a cutaway partially expl oded

view of _a sta g t n.a substrate. Figure 5 shows a
cut anay” partlg.lﬁ“re 3 ﬁ”ﬁ@&CV|§&f% iﬂﬁ %eﬁgdgﬁmyg’§torage device on a

substrat e; FIgmgﬁeﬁbmEm&h@wﬁmadpa@WMﬁhigmekmmd@adnmmwaMﬁWnVIEMIOf anot her

stacked data 20 storﬁ e devi ce conprising a suQ&trate and t hree device

| avers; Fi gur & #prOviTES “PH R UL AR P EOATT gl aﬁmmﬁ€a$L and expl oded,

7(b), V|emﬁmoi&mmam@@m&&@mae%n%rdahaeﬁkmrage deV|ce in which the nmenory
el ements are isol ated by unctlon gﬁrdes and Figure 8 is a graphical

representatlonmﬁfeﬁﬁﬁbﬁﬁf‘ ?“méﬁ%TP FEPTAGEY O PHEE® BEYevi ce of Figure
1(b). %0 DA ﬁﬁ@i@%%la 2AlefMric field programmable film elements;

Figure 3{a) shows a schematic diagram of a cross point array device
comprising electric field programmable film elements;
Figure 3(b) shows a schematic diagram of a cross point array device
comprising electric field programmable {fiim elements;
15 Figure 4 shows a cutaway partially exploded view of a stacked data storage
device on a substrate;
Figure 5 shows a cutaway partially exploded view of a stacked data storage
device on a substrate;
Figure 6 is shows a partially exploded cutaway view of another stacked data
20 storage device comprising a substrate and three device lavers;
Figure 7 provides, in a cutaway, contiguous, 7(a), and exploded, 7(b), views of
a portion of a data storage device in which the memory elemnents arc isolated by
junction diodes; and
Figure 8 is a graphical representation of current vs, applied voltage for the

25  device of Figure 1(b).



The electric field programmable filmas defined herein is a filmconprising
active elenents wherein the active elenents are convertible froma first
electrically conductive or polarized state to a second electrically
conductive or polarized state by 5 the application of a suitable forward

bi as vol tage, and wherein the material is re- converted to its first

el ectrically conductive or polarized state by the application of a

suitabl e reverse bias voltage. A foorward bias voltage is an electri cal
signal applied to a device that pronotes a change in a prescribed
directionabtgenthecAppihcation of the bias voltage. A reverse 10 bias
voltage is the opposite of a forward bias voltage of the same nmagnitude.
The active el é‘h@&ﬁctrlcéleldlpwr@aﬂlalbf@(ﬂﬂm predebineddereings f fl@lcopissgr anmabl e film

el enent and fined her Q an el ectrode from
a first sé&t"of eme et errec%legacglnddééénen%Pgé%‘%éﬁgg%gmmégg%%%ﬁg set of electrodes
t hat can b@da&ttvebe;daldwedslmetoapq@bnd@ast:nrmarﬁvmndactfw prsnoiasxtzqdrmltftts’ such that (a)

t he nmeasured res se i. S nonl i near or | (b) . 15.1h !‘Claetl on of a
subsequenth® ABPEET I‘S/aiﬁ’tfﬂf%r enr St mutdis pro uces a Fferent neasured
response thaeddheiappd de@itaipBoratictvber pfolahsetd s&telﬂjﬂtﬂeuﬁphcﬁncmroéms point array is
a device conprising a first set of substantially parallel electrodes (also
referred ts‘é}rz'g@r?"ieﬁ%??s‘f”ﬁ?ﬁﬁl ng along a first direction, a second set of
subst anti al | y Aafadrd Bihs @lt@é@ﬁﬁfa@@ﬁ&nfﬂlm@ial’kg}paddﬁﬁlgdﬂxcs&ﬁopirdmdiasl’ ection, wherein
an active 20 element is fornmed within sonme or of the spati al

i nt er sect REHEEHEAREERAbSH L O A PG AP GATT ‘Héhefbi‘aﬁ §‘E“a§eet“8¥er | ectrodes and an

el ectrgfe £ omatde %lb%%ﬁﬁﬂﬂle Slor@fcd bRk eatgodes sandnfarider wherein the first
direction is at an angle of | to 179 degrees to the second direction and

wherei n the adhkeivetienmht deaf v et HEF W AFErRIGES TGP c°pf el ated. 25

Electric coupll.aQ @sredat érnﬁgrs&%&%eﬂméeﬁ ah Rakro VRl Msaendl t age or ot her
signal on one electrode relative to a reference or l%round signal on a
t

second el ettrrodeardan elegrogbionr setidrige! elrodraiecspe tlieddétive el ement .

El ectri Ca|ap§19clég‘?({ Io@Qﬁ%@Qmﬂﬁzs@&ﬂ%a\’hﬁthe Bkdseeh r&oRtACkonlifMar bNEOUgGh an
el ectri cal oupl 1 ng el enent whi ch makes ohm c contact, contact via a

conducti nghpippisaticnpiacitsiaeniapaticdiferegtiadys vhicer $4sf veni ng t unnel

measured response than the application of the first stimulus.

A cross-point array is a device comprising a first set of substantially paraliel
electrodes (also referred to as lines) running along a first direction, a second set of
substantially paraliel electrodes running along a second direciion, wherein an active

20 element is formed within some or all of the spatial intersections between an
electrode from the first set of electrodes and an electrode from the second set of
electrodes and further wherein the first direction is at an angle of 1 to 17% degrees to
the second direction and whersin the active element can be either continuous or
pixelated.

25 Electric coupling as defined herein is that wherein a voltage or other signal on
one electrode relative to a reference or ground signal on a second electrode can
probe or change the state of the active element. Electrical coupling can be done via
direct contact, or through an electrical coupling element which makes ohmic contact,

contact via a conducting plug, capacitive contact, contact via an intervening rurnel



6 junction, contact via an intervening isolation device such as a di ode or
a transistor or contact via other electrical devices. Figure 1 (a) shows a
schematic of an electric field programable film 1, with a dielectric
matrix material, electron donors (D), electron acceptors (A and the 5
optional donor acceptor conplexes (DA). The el ectron donors (D), electron
acceptors (A and the optional donor acceptor conplexes (DA) are al so
referred to as active conponents and respond to the application of a
stinmulus. Exanples of such stinmuli may include, but are not limted to,
chem cal , ﬁﬁ&ﬁﬁ%ﬁ@ét viaGh sa@eweln&g smauma@ém 2s §LBGL & qmgsrg@{r o
el ectronmechani cal, magnet onechani cal or 10 el ectrochem ca An exenpl ary
sti mul us |gnmmwﬁqmmﬁkﬁa¢d®Wﬁﬁulus The dielectric matrix material is the

carrier material, ?(a)%%sgrsche L& o a?ntéle‘é%chéiﬁ’%gra% [e%ﬂ@n an gactive el ement.
The dielectric RBLIIX Mt er may o Itse ¢onprise an active

corrponent a MatertHixmarek emeailglaqttrwri doned (D )mietcm aed;egmtsru\banﬂ itlel d programmabl e

m co 05|t| areﬁ ener a a r inorganic oxides. 15 It
|s genegglPV“ﬁ AT t?“?”?%éﬁ§£% @ C%m mqgﬂfm?%rlal to form hydrogen

bonds mntam&h@s yefd e Bprdanabser anehit-hempbeectroar-ase 2phel & 2s The hydr ogen
bondi ng | owers the free energ¥ of the electric field progranmable film

whi | e havi AGEEPOT A RE 8P Ta&s e gp e %fﬁé?‘@vubfp‘x?rﬁ%%t"f %H‘fgl tion state for

el ectron teansf Ry inddR| RehE he Lifkd loXehBRle@l thh&ical hatiicdl spl ay di pol e-di pol e
interactions or dipole-induced dipole interactions may 20 al so be used in
the el ect r PEs¥tie PiECtipragtedmaaToErerianin! Mg et ®d i9'c matrix materials used

in the gl echio@nefril drRkognavuBRhlLE: i id dBran eiQngani ¢ pol ymers and/ or
inorganic, oxides. It is desirable for the organic polymers used as the

mat ri x mat eri affe $igedriprartrigpape o tecagenatieint 8T 9F oDmeE 24000, | n one

enbodi nent ..t Ne..00i9ank & PAlNIR I TR AR 4. Sk LGl 8NtnaG BenlGal and thernal
resi stance to withstand processes involving the dep03|t|on of netals, etch

barrier | ayetfsomgEed: payeigPomst dfletpy Breidorigzed phie orekiists  and

?% :a; tef ge%ro\ggn&%@feIﬁng§omaogmbéar@g&gagﬁégarn@c%@mg or B2 QF Gk C pol ymer to

15 Itis generally desirable for the dielectric matrix material to form hydrogen bends
with the electron donors and the electron acceptors. The hydrogen bonding lowers
the free energy of the electric field programmabie film while having very little effect
on the energy of the transition state for electron transfer. Dielectric matrix materials
that display dipole-dipole interactions or dipole-induced dipole interactions may

20 also be used in the electric feld programmable [ilm. The dielectric matrix materials \
used in the electric fleld programmable filims are organic polymers and/or inorganic;
oxides.

It is desirable for the organic polymers used as the matrix materials to have
dieleciric constants of 2 to 1000. In one embodiment, the organic polymer has

25  sufficient chemical and thermal resistance to withstand processes involving the
deposition of metals, etch barrier layers, seed layers, metal precursors, photoresists
and antireflective coatings. Itis also desirable for the organic polymer to impart a
low level of electrical conductivity to the electric field programmable film in the

“off” state and to permit for a sufficiently high concentration of eleciron donors and



|l ow | evel of electrical conductivity to the electric field programuable
filmin the "off" state and to permt for a sufficiently high
concentration of electron donors and 7 electron acceptors to enable a
sufficiently high conductivity in the "on" state so that the difference
between the "off" state and the "on" state is readily discerned. .

El ectrical conductivity of the dielectric matrix materials is |l ess than or
equal to about 10-12 ohmf'=-'. It7is desirable for the ratio of the
electrical current in the "on" state to 5 that in the "off" state to be
greater t h?erétrgracgcg:%lors Lo ena 15’a sﬂl&&tigﬂ%ﬁg&%u&ib%%e grqq;@zlte stanat 100 bei ng

exenpl ary, an RaR “or ei ng even nore exenplary. An
on/ of f raUhomgﬁeahemwmham:5ma#$®Msthﬁ@nmﬁmémaﬁ@hwbi&%ﬂbtates of an electric
field progr ble film i whi | e an .on/off ratio
greater th ?f ricy 6n%ﬁc A \X/g} @?\‘g‘gﬁgnq m&iﬁm%e?aﬁs‘ e Sts){}f nor?%lalq g {scer ned nore
readi |y anxguaﬁw@daﬁomﬁs deditdb for 1@ rgpicadtie pietthancubO iathk Ows stakeo "on" and "of "
states to be discerned nost rati o are e i neered to neet
the reqti r8pehte "of siffd° bt ?EE%BﬁﬂxqéénﬁgVEhgmﬁgﬂﬁF éugng hi gh i npedance
sense anplHﬁb@ﬁém@ﬂﬂm@@ﬁﬁ%ﬁhﬁg1£hQE@h1@Bﬁﬁﬂmg@ﬂﬂ&&hﬂﬂﬂmﬁﬁﬂ“lre | ar ger
on/off ratios, while devi ces having | ower speed requirenents smaller
on/off ratios &?@Vﬁ%ﬁéﬁﬁ§ﬁﬁémnﬁﬁu%ﬁ%h%f@aﬂp'°%d¥?ﬁ€f§”¥%ﬁf may be used as

matrix mat&rd ghsalnhatibGinh 6CkikdbSed lethifh wHlk QOS-AMRR] Le£QmRQSI tion may be
t hernopl astics, "thernosets, or blends of thernoplastics with thernosets.

The or gani B0 plsiwpries 'sn'aag Mé5W§ﬁ6ﬁ@ﬁ%ﬁ§W§fm“%%ﬁﬁva%b§UP§WEF§3 graft

copol yngr nga’%mﬂ; n%b@zﬁﬂéwgfﬂp%y RS S LABIOM GOPALYHBY §enchl}1 ononers,
dendri nmers; the e, or conbinations COHDFISIH% | east one of the 20

f or egoi ng @n@énﬂ@sp@hwnewgﬂo@ﬁ@dﬁr@%p@FﬁW@ﬁ§WHQVﬁh og@hgetri c constant of
2 to 1,000,can mmgﬁgﬁmlp&cegh@a& tlﬁamcangcpga@mnmgﬁg%@aed by x) of the

mat ri x naterla e selected su of f* swi tching
vol t ages arn;@raeangraqefeerieugertoo/f)ifmﬂrmw*ﬂl%7@3dtﬁ‘h@ﬁ bﬁé@llffweesper-@qw renents of the

appl|cat|og}ugythssm&ﬂfoﬁ%pégﬂgg%bg ed.range, organic 25 pol yners havi ng
di el ectric cons feater thah or equal to about 4 are
15 The organic pciymers that may be used as matrix materials in the electric field

programmable composition may be thermoplastics, thermasets, or blends of
thermopiastics with thermosets, The organic polymers may be homopolymers,
Block copolymers, graft copolymers, star block copolymers, ra;ndom copolymers,
ionomers, dendrimers, or the like, or combinations comprising at least one of the
20 foregoing organic polymers,
Crganic polymers having dielectric constant of 2 to 1,000 can be used. The
dielectric canstant (denoted by ) of the matrix material can be selected such that
“an” and “off” switching voltages are engineered to conform to the specific
requirements of the application, Within the aforcmentioned range. organic
25  polymers having dielectric constants of greater than or equal to about 4 are
exemplary, with greater than or equal to about 6 being more exemplary, and greater
than or equal to about 7 being even more exemplary. Also desirable within this

range is a dielectric constant of less than or equal to about 450, with less than or



exenplary, wth greater than or equal to about 6 being nore exenplary, and
greater than or equal to about 7 being even nore exenplary. Al so desirable
within this range is a dielectric constant of |ess than or equal to about
450, with less than or s equal to about 400 being exenplary, and |less than
or equal to about 350 being nore exenplary. Exanples of suitable organic
polymers that may be used as the dielectric matrix materials in the
electric field progranmable film cogposition include, but are 5 not
limted to polyolefins poly(netn)acrylates polyesters pol yam des,

novol acs, poI S in arbo S acet at es,

pol yal kyds, M ﬁgﬁggﬁa g M%Iya??ﬁHFOHﬂuMSV?SF%f% H@ %90l var vl sul f one,
polyethersu&h@ﬁay polyphenylene sul fide, ponV|nyI chl oride, polysulfone,
pol yet heri m de, tetr fluoroe chloro rlfluoroethylene

D et ol | Gone BPRaE e oo Har ot P 6l Pt Bor Bk ot ane. pal et her
etherketonenmﬁﬂhyﬁﬁﬂﬁﬁﬁke&aﬂemxepﬁ@anmﬂmnuﬁaabp@aﬁhQﬂ&u@@ﬂﬁ&lSlng at | east
one of the fore 0|ng po ymeric X materials. npl es of suitable
copol ynet s *°h T‘%ﬁ?P%ﬁ“ﬂgéﬂdéngﬁﬁw “@ﬁ@%???%Pﬁ%TWF%‘HﬁfﬁFlaI in the

el ectric fighdifeegpariahhecs pipesicd, bopthtdpoiptijde, but are not [imted

to copolyestercarbonates, acrylonitrile butadiene styrene, styrene 15

acryl oni t riA°¥A81%){4 méva@’&#ﬁéac’iyassﬁﬁ%% REPY B e AbEPEEHIRS ni de,

pol ymet hyl %&J@a&{ﬁég@&lﬁmﬁ)%w&hbmga& p@}gw&e%f;@eﬂaﬁq&ya | oxane, or the
l'i ke, or conbinations conprising at |'east one of the foregoing copol yners.

Exanpl es ofpoﬁﬁt{ﬂ&m?@ﬂwﬁwfm‘géﬂcﬂiﬁﬁ@m@@ﬂy%ﬁﬁ golytatlidpylupideused in the
el ectri f [ t limted to
€9 ﬁegvgﬁmlaga@w el Q%@§étﬂér9@e1ﬁ<g& ugo@ ertRULe: AL £ N1Q

pol yur et ha 0 natu synthetic r epoxy, phenolic,
polyesters<Hp@hWamm@%3mp$mmmtbﬁegmOf@cmﬁhen$P%Gﬂﬂ@mmcambmnatlons conpri sing

at |east one OfExEJngJQ%SQQ 5/91%;’5% 1%5} e aBg!e)éh cmmrman exenpl ary

enbodi ment, the organic poly I'n t ectrlc fle programable film
conp05|t|onnﬁawlb@mwhdmhéd¢gmgmgmw@enaummwﬁgme@uhgbﬁmtmenm

limited to copolyestercarbonates, acrylonitrile butadiene styrene, styrene

15 acrylonitrile, polyimide-polysiloxane, polyester-polyetherimide,
polymethylmethacrylate-polysiloxane, polyurethane-polysiloxane, or the like, or
cambinations comprising at least one of the foregoing copolymers.

Examples of suitable thermosetting polymers that may be usad in the electric
field programmable composition include, but are not limited to polyurethanes,

20 natural rubber, synthetic rubber, epoxy, phenolic, polyesters, polyamides, silicones,
or the like, or combinations comprising at least one of the foregoing thermosetting
polymers.

in an exemplary embodiment, the organic polymer in the electric field
programmable film composition may be in the form of a matrix precursor

25 cemposition comprising monomers. In one embodiment, the matrix precursor
composition may be polymerized inte a homopolymer or copolymer prior to the
casting of the clectric field programmable film. In another embodiment, the matrix

precursor composition may be polymerized into a homopolymer or a copotymer



25 conposition conprising nononers. |In one enbodi nent, the matrix precursor
conposi tion maybe pol ynerized into a honopol yner or copolyner prior to the
casting of the electric field progranmable film 1n another enbodi nent, the
matri x precursor conposition may be polynerized into a honopol yner or a
copolynmer 9 after the conposition is cast onto a substrate to formthe
electric field programmable film Exanples of suitable copolyners that my
that may be used as matrix nmaterials in the electric field programmabl e
conposi tion include copolymers nmade 5 from nononers selected from styrene,
hydr oxystyren e ranch C|J gf G o |inear,
br anched, ofr%r s C?m%m%‘fni‘d% ci‘fpm%f Sugsﬁa[}qo %IT% 5&3? eg Fl’mg%?‘w %y or
aryl al kyI OKWn. substl tuted styrene, vinyl alcohol, vinyl acetate,
(meth)acrylonitri I? S (et h) acryl ic acid, G - Coo | i near, branched, or
cyclic alkyl, Py ftﬁﬂle BPolgpsyt BRIETAY o RY P S A FRIE esters, G- Go
cyanoacryl %@rli@ﬂ@ﬁ@le@trlcQéldbﬂgralnlrrlégle c&tﬁpo@lh@rmw@%&ﬁ@)%ers]{@acﬁonp“ sing at
| east one of the foregoi n nononers. Pol yester copol'yners conprising G - Co
| i near, Sbr EACREAC™HF Seg‘y Emétlyi?t}*’i(ﬁ?ydm’@“ym%g‘ Apyineaghgrchtddil | aryl oxy or
aryl al kyl O@éhéjalil@li @h@la §meapbranchgp o} &y@l?caaﬁuox bfimg@g; arylgiyqldr}qc)@fl koxy, G- Go
aryl, arylal kyl,” aryl oxy or aryl al kyl oxy d| aci ds’ may aﬁ SO0 bé used in the
electric fP"eﬁFﬂalbYI@@rrSa}PPﬁh‘mdé%@ﬁrf@s’i 0Bt} VERO Ry i (Hed)cotmpitiisi ng G 15 G o
linear, branghed,; QLg @(cuuqanéal ls%{md Gpcydm% a&y'cm ik alkyly aryloxy or
aryl al kyI oxy ‘di am nes; - &0 linear, "bran or cycr ic al koxy, Co - Go
aryl, aryl atlw}bﬁﬂ}’l@#yﬁt@;(@ @iFCYaIFOﬁTB.lFﬂQWGO%YCTﬁIOa@?@S qrayorabisdiohe used in the
electrig fi QgL. %m%tg (o GONROS LI on The organi c polymers or
copol yners Comap lsﬁg ve a nunber Oa‘x’?er%gemfrnﬁ ecular 20 weight (Me) of about 50
to about 1, OOOP&@@tegcC@mshmslcmr(rgmgﬂl € LAkt hﬂmhtmb&ytkamg&y nol ecul ar
wei ghts of -fo L&.0r eat er t[} 1F equa : out 10(% greater than or
equal to at%u% )gn?a ar?@’éﬁorm ﬂ(gﬁ%rl ua1 tg”abear P80 g/ ol e may be
used. Al Schd«eSkdk&lﬂzeC\MatyhlaﬂldtHﬂ, ay%&;ﬂg@rmlaf aphecdd -ary Aweibght s of , for
exanpl e, | %sseaigtllj\gglec(?lric field programmable composition. Pelyamides comprising Cy -
15 Cuelinear, branched, or cyclic alkoxy, Cs - Ciw aryl, arylalkyl, aryloxy or arylalkyloxy

diamines; Ci - Cie linear, branched, or cyclic alkoxy, Co - Cioaryl, arylalkyl, aryloxy

or arylalkyloxy diacids may also be used in the electric field pregrammable

composition.

The organic polymers or copolymers may have a number average molecular

20 weight (Mo) of about 30 to about 1,000,000 grams/mole (g/mole). Within this range,

moilecular weights of for example greater than or equal to about 100, greater than or

equal to about 500, and greater than or equal to about 1,000 g/mole may be used.

Also desirable within this range are molecular weighis of, {or e example, less than or

equal to about 750,000, fess than or equal to about 500,300, and less than or equal to
25 about 250,000 g/mole.
Ags stated above, the dielectric malrix materials can be inorganic oxides.
Exemplary inorganic oxides are those having a perovskite structure characterized as
having a tetravalent or trivalent atom situated in an octahedral site with respect to

the surrounding oxygen atoms. These materials have the general formula



equal to about 750,000, |less than or equal to about 500,000, and | ess than
or equal to 25 about 250,000 g/nole. As stated above, the dielectric
.matrix materials can be inorganic oxides. Exenplary inorganic oxides are
those having a perovskite stricture characterized as having a tetraval ent
or trivalent atomsituated in an octahedral site with respect to the
surroundi ng oxygen atons. These materials have the general fornula 10 AZB
CrO= where w, x, and y are 0 to 300 and z. is | to 60; Ais calcium
strontium or barium B is bisnmuth, zirconium nickel or lead, and Cis
titani um niobium zirconiumvapadi ym or tantalum In an exenplary

enmbodi nent, the stoichionetry ‘i's ¢onstrained to give approximte charge
neut ral i t ywheWhen, sidghrd nesgani 0s distess atduu sedhtivtnhe belecBison donors,

el ectron acceptors = and, ffﬁii Cci)nal Xsthe dong.&;naz%cen%t or b%rggl exes nust be
capabl e of STHHhEFERUFNYCUF &2 FRAp & M S eXEEdi g™ Z86C "Exanpl es of such
i NOr gani ¢ RXdng@sn. iR 4d@pialbnbadi @ent NS stdiinnteed istcaysukigaido give conat e titanate
(PZT), ferroelectric nmetal and m xed inorganic oxides with dielectric
const ant s dPATCABIRTIEEOTeUgl6 5500 such as barium strontium titanate (BST),

| ead | ant hanumyzdfsGaNad-Sarid kABALEuskLbd TlocrricsBt, Biegiloh obgistn  tantalite,
bi smuth stronti um ni obate | ead ni ckel niobate, |ead nagnesi um ni obate and

the |ike. 3t SHewytpdorprasrRY o PRal t e patt € §EHEFEE €onpound names

are i ndi cathueRf @A aR-Of exsh O LR LRNBI RS oxi FQn 8RR bi smuth
strontiumtantalite can have stoichionetries such as Bi 2Sr Ta709,

Bi Sr - Taz O:oBlipBedTe2@8 zisredats bierrte (P HofgeaificE- Rirtrnd mixe fgedir ant al um oxi de,

ni obi um oxi.de, w}(@&k@@é%@%@gn@% o fium, 59@@5%@1@5 BiAGaRLMM.OXi de, titanium

oxi de, dysprosium oxide, yttriumoxide or the Iike or conbinations

conpri si ngitatatd (BE tlead rmtrefun Hecofidy EemtenfLZTTREM M AGIgEnic oxi des offer a
wi de 1 ange, Qly, @i LEGLLLGGONSLANLS bl AIPMILS: Alp Bl A0, | nor gani ¢
oxi des may be converted into electric field programuable filns via sol-gel
and chenmi cald tydirerl depddr tndyprrteCVB) the HtTEeTptie Sompphehnaget 2rgel  t echni ques
indicative of a range of stoichiometries. For example, bismuth strontium tantalite
can have stoichiometries such as BiSrTa:0Os, BiSr2Ta:00, Bi2S5rTa:0s and so on.
Inorganic oxides include tantalum oxide, niobium oxide, vanadium oxide, hafnium
oxide, zirconium oxide, titanium oxide, dysprosium oxide, yttrium oxide or the like
or combinations comprising at least one of the foregoing. The inorganic oxides offer
a wide range of dielectric constants in amounts of 8 to 1470,
Inorganic oxides may be converted into electric field programmable fiims via
sol-gel and chemical vapor deposition (CVD) techniques. When sol-gel techniques
are used to from the electric field programmable film, electron donors, electron
5  acceptors and, optionally the donor-acceptor complexes can be co-deposited.
Electron donors and acceptors can be dispersed randomly within the matrix
material or agglomerated such that electronic conduction results, at least in part
from percolative transport. An electron donor is a moiety capable of donating an
clectron to an electron acceptor. An electron acceptor is a moiety capable of

10  accepting an electron from an electron donor. The proposed mechanism for device



are used to fromthe electric field programmable film electron donors,

el ectron 5 acceptors and,

co- deposited.
within the matri x
results, at | east

mat eri al
in part
a noi ety capabl e of donating an

An el ectron donor
el ectron to an el ectron acceptor.

optionally the donor-acceptor conplexes can be
El ectron donors and acceptors can be di spersed randonmy

or aggl onerated such that el ectronic conduction
from percol ative transport.

is
An

el ectron acceptor is a noiety capabl e of 10 accepting an el ectron from an

el ectron donor.
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transport.
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operation can be

| 9Wi.ng. £.eagt i-on. schemes

ow conduct i vi ty state.

shown in

1D+ A

hi gh barrier to el ectron
2 D+ A Forward bias D+ + A High conductivity "on" state
Supr at hreshol d vol tage progranmed. H gh conductivity state in

3 Zero bias

D +A" D+A tdernnodynanmically stable equilibrium Hi gh Conductivity state.
Mobi | e el ectrons—reve—frem—Forward—bias—4—A—+ AFSthhreshold voltage A + A
i oni zed t d_BEHTY gni-zedacbBFt%Brs in-the genera!““ﬁ recti-en-{of the anode.
Hi gh Conductivity] state. oW ?Oﬂducnwt}’smte‘
Zero bias Kinetically stable because of
1 D+A >t DT+ A .
N high barrier to electron
transport.
2 D+A Forward bias p* +a | High conductivity “on” state
Suprathreshoid vollage programmed.
y High conductivity state in
3 DY+ A — Zero bias D+ a | thermodynamically stable
equilibrium.
High Conductivity state.
. dbi Mobile electrons move from
- W L85 - - . : .
4 At A S volmge 7™ | ionized to non-ionized
acceptors in the general
direction of the anode.
High Conductivity state.
. i Mobile “holes” move from
5 D" +D Subthcr::\:if;ld \:zilagc D +D” | jonized to non-icnized donors
in the general direction of the
cathode,
P DF A — Reverse biag D+ a | Low conductivity "off” state
~ Suprathreshold Voltage programmed.

th

In the schemes in Table 1, D and A represent electron donors and electron
acceptors, respectively. I and A" represent a donor moiety having lost an electron
and an acceptor moiety having gained an electron, respectively. With reference to
Table 1, a suprathreshold voltage in forward bias drives the device from a low

10 conductivity “off” state to a high conductivity “on” state; a subthreshold voltage in
forward bias causes the device to exhibit a high conductivity in the “on” state and a
low conductivity in the “off” statc; a subthreshold voltage in reverse bias causes the
device to exhibit a high conductivity in the “on” state and a low conductivity in the

“off state; and a suprathreshold voltage in reverse bias drives tire device from a high



Mobil e "hol es” nove from5 D++ D Forward bias D +D+ ionized to non-ionized
donors Subthreshold voltage in the general direction of the cathode. 6
D++A Reverse bias D+A Low conductivity "off" state Suprathreshold Voltage
programmed 5 In the schenes in Table 1, D and A represent el ectron donors
and el ectron acceptors, respectively. D and A- represent a donor nvoiety
havi ng |l ost an electron and an acceptor noi ety having gai ned an el ectron,
respectively. Wth reference to Table 1, a suprathreshold voltage in
forward bias drives the device froma |Iow 10 conductivity "off" state to a

hi gh conductivity .'on’ state; Wbt hreshol dyveltaged,n forward bias
causes t he“datiice 0 & t|Gf)litk'fW %O% |§gh1 ‘conducti vi tysci‘@]%]lJ the "oil" state and a

| ow conducisswhihy eithir df bveo stabfetstates tiategampge. g bigh anésdioindstvodrtiadiey i n rever se bi as
causes the device to exhib#t 4 Hg@l%ongy tivity in.the./on" state and a

| ow conductFoiEy ™ H't Het W8t “stat e and & suprat nr eshord Vol tage in
reverse bi agughsivresthiag devicevig amua thidghograndnaskZimeonduet i vity "on" state
to a low conductivity "off" state. Devic sfc?pabLe of lassuning ei t her of
two st abl elo¥tHERE SE G PeXANPTE™ F 4 gh! th%}i'u&talmf/tl 'V 8Pate and a | ow

conduct i Vi {y.54:3t €1 @RV genesall sheeaklpasrehiatabl @ugevireeserthp one exanpl e,
forward bias "voltages for converting devices having electric field

pr ogr anmabfeies hayge fipld RIEHETRLie SR BHEE R FEER S8 (P R8I gh current state

are 0.1 to, B M D3NS HEY. EXAMRLRamptOldiages: -0f Dady {:0u:l@. V are used. In
one exanple, reverse bias voltages for converting devices having field

progr amabl e fi Elfgrohderart hey HiogRme GETTERE oS BfSNIE A PHW  current state
are -0.44 tQyglo E%lm}llfg. o%}g&%iec@m&r@im%@é, b@9RSwOfmitdl to -10 V are used.

tetrathiafulvalene, 4,4, 5-trimethyltetrathiafulvalene,

bis(ethylenedithiojtetrathiafulvalene, p-phenylenediamine, N-ethylcarbazole,

tetrathiotetracene, hexamethylbenzene, tetramethyltetraselenofulvalene,

hexamethylenetetragelenofulvalene, or the like, or combinations comprising at least
15 one of the foregoing.

The organic electron donors ate 1 to 100 nanometers (nm) in size and are
prevented from aggregating by protective organic or inorganic shells. Within this
range, it is generally desirable to have organic electron donors greater than or equal
to 2, greater than or equal to 3, and greater than or equal to 5 nm. Also desirable,

20 within this range, it is generally desirable to have organic electron donors less than
or equal to 90, less than or equal to 75, and less than or equal to 60 nm.

The protective shells usually render the organic electron donors soluble or
dispersible in a selection of suitable solvents. The thickness of the protective shelt
depends on the particular moiety as weil as on the solvents and solutes in the

25  solution. The protective shells for organic electron donors are about 1 to about 10
nm in thickness. Within this range, it is generally desirable to have a protective shell
of greater than or equal to 1.5, and greater than or equal to 2 nm. Also desirable,
within this range, it is generally desirable to a protective shell of less than or equal to

9, less than or equal to §, and less than or equal to 6 nm,



El ectron donors may be organic el ectron donors or inorganic electron 10
donors. Exanples of organic electron donors include, but are not limted to
tetrathi aful val ene, 4,4',5-trinethyltetrathiaful val ene,

bi s(et hyl enedi t hi o)tetrathi af ul val ene, p-phenyl enedi am ne,

N- et hyl carbazol e, tetrathiotetracene, hexanethyl benzene,

tetranet hyl t etrasel enof ul val ene, hexanet hyl enet etrasel enof ul val ene, or the
| i ke, or conbinations conprising atiieast 15 one of the foregoing. The
organic electron donors are | to 100 nanoneters (nm in size and are
prevented from ga%ﬁg@fnﬁo@ganmmoﬁhs&oy HE. QAR BoQl POTARNI € shel b s.

Wthin this range, i s”generall esirab to have organi c el ectron
donors greahﬂﬂe@hammbmsmquah&mhm0@@egm@aL@thhmmvﬁﬁmﬁQUaHhto 3, and greater
t han or equal AL B9, de hin this r ange, is

general |y dggf%u nm?mmﬁ VE)B?&aﬁﬁgmelmje %%5*%H8W§“F§§% %ﬁﬁﬁ or equal to
90, less th@nmagmeqmabypﬁuiamn&ndmbesﬁnmb&nBemqaqual to 60 nm The
protectiye she usual | ani c el ectron donors sol uble or

dlsperS|BIeeFﬁhﬁﬁggF@&WV%ﬁ13&“§U??3§N34g@FUéHﬁ?“"?h@a%?W%kness of the

protective shekl o Bependsodd wbenpabiiaulian drekedniuas Pakkeas on the
sol vents and solutes in the 25 solution. The protective shells for organic
el ectron dond¥eE® SPBzehy U FmY¥% 5bout 10 nmin thickness. Wthin this

range, it is gewxa@dlr&hlgﬁ&hé@wa@,oﬁ;,@u;a@%ﬁp@e pmiﬁ&;tab\ﬁ@eshell of greater
than or equal to 1.5, and greater than or equal nm Al so desirable,

wi t hin th|s“?%ﬁﬁ%?Uﬁﬁdﬁ§m§€%@FhPF9bH@§WF@BP@MWBD§¢$P®@E@F1ve shel | of |ess

than or 1@quales419mg§mcél£§& doRa0a 0 8a4akq LA &en@mﬂsalts%& jshan or equal to 6
nm 13 Exanples of inorganic electron donérs i ncl ude, but are not limted

to netal harmgeresabreside e @gtivit enirigmittel) raacbmlmh@red( Fid8ra), zirconium
tetrabrom degEdr, B tasmmgéﬁkmuﬁermﬁ%@&qw St VB %)11{ NLeRLYM tetrachl oride

(NbC14) or mandganese di brom de reduce y potaSS|um
triethylbotbh?dﬁﬁ@éNFK%EBEﬁBﬁwwaﬂ1€a¢@kmaammyhaﬁhnwpmnmm$uebhylborohydride(
NR4'  BEL, H ) .(wher el R ug.an.al kyl having 6 to 20 carbon atoms) in
tetrahydrof ran ( THF) “for to 6 hours to yield netal

In ane embodimert, inorganic electron donors are derived {rom the halide
salts or halide complexes of transition metals such as iron (Fe), cobalt (Co), nickel
(N1}, copper (Cu), ruthenium (Ruj, rhodium (Rh), palladium (Pd), silver (Ag),
rhenium (Re), osmium (Os), iridium (Ir), platinum {Pt} and gold (Au) by reduction
with K+ BELH or NR4* BEH (wherein R is an alkyl having 6 to 20 carbon atoms).
20 These nanoparticles are stabilized by using quaternary ammonium salts of the
formula
=
F!_—f\fi+—Fi' X
L.
wherein R, R", R", R" may be the same or different and are hydrogen, an alkyl
having 0 to 20 carbon atoms, an ary! having 6 to 20 carbon atoms, an arylalkyi
25 having 6 to 20 carbon atoms. Betaine surfactants may also be used as stabilizers.
in another embodiment, inorganic eleciron donors are derived from transition

metals such as Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag, Re, Os, Ir, Pt and Au by stabilizing



clusters stabilized by THF nol ecul es. Tetrahydrothi ophene nmay al so be used
in place of THF to stabilize manganese (M), palladium (Pd) and platinum
(Pt) containing electron donors. 10 These inorganic electron donors are
made by reducing the netal salts such as nmanganese brom de (MiBn), platinum
chloride (PtCl2) and palladiumchloride (PdCk) w th potassium :
triethyl vborohydride (K BEt3H) or tetraal kyl anmoni um bor ohydri de (NR4'
BEhH) (wherein Ris an alkyl having 6 to 20 carbon atons) in the presence
of tet rahydr ot hi ophene 15 I n one enbodi nent, inorganic electron donors are
derived fr g F‘ h%‘g salts or halide corrpl exes of transition netals
such as ir ‘H”(aﬁ' §521% ObEF EORRDT® O MCERETY AHREJC (2RO FPRRETHNS r ut heni um (Ru) ,
r hodi um ( %ﬁbbﬂxﬂ@!& ia&ﬂdfl&[@tffﬂe MR r'8DbY @RerkiAd)s an al’kpleﬁl/&’l@@ {L,Re), osmum (GCs),
iridium(lr), platinum (Pt) and qol d (Au) by reduction with K BEt3l-1" or
NR4' BEt 3Ha(t\ﬂhétp@ﬁ AR iishyarr sl ksﬁawfﬁborenﬁfd gl hegirdoi 28t ons) . 20 These
nanoparti Céaﬁg%n B smg(& ahétge@gmpcyilﬂe%'t @gkeg%ta@m@@mc@gmmoumﬁa' ts of the
formula R R wherein RR, R, R', may be the sane or different
and are3 hyrdﬁdeg@htamefhffw K’gﬁlmmh)éwfhgmﬁmtf@ *@@decsalﬁb@rr wtidns, an aryl having 6
to 20 car b %E(ﬂ%qﬁ d th& acggéé gle!@él In y%ia.nFl (yreglgucﬁmgnq e%gt C Jngg)a? at oms. Betaine
sur f act ant s re e used as sta izers. In anof%er enbodi nent ,
i norganic recﬂhee@w@mewmrssltsa’médmmpv@dorftheomctqoatpgms pom, Cayetal s such as Fe,
Co, N, O‘JCLL Rh d, Aa('ke (g‘ Ir, IRaﬁdgé aladqus;[to Dr axen oéﬁ‘g‘m c?cbrlmlwl zing 14 their
hal i de salts, “hal i de® ‘cohpl exes or therr acet Pacet acac) conpl exes
usi ng car@gwhan&a \Slaht‘ysf m%xlﬂzhesdcypaél‘fNRdfmiRdz@(meher\MmmmmyR is an al kyl
havi ng @ taﬁnn%omu %an 5 tame sdr a%arg i s hydrogen, an alkyl, an aryl or an
arvl al kyI avi ng on atoms. In yet another enbodi nent, mnixed
metal i nor gani ’rheedoe@turc @iachd@ﬁﬁlfoSs gandrely hbe: abicakined: f wammh xt ures of
transiti OnW hin %115 range 191§gesn%rﬂﬁy desn"n; et h*\r;lrg'lmorgamc electron donors greater

than or equal to 1.5, greater than or equal to 2 nm. Also desirable, within this range,

it is generally desirable to have organic electron donors less than or equal to 50, less
13 thanor equal to 25, and less than or equal to 15 nm.

Without being limited by theory, the choice of stabilizer has an effect on the

electrical properties of the device because different stabilizers exhibit different

dielectric constants. The dielectric constant of the stabilizing material surrounding

the metal influences the self capacitance of the nanoparticles in the matrix material.
20 For example, the self-capacitance of a naked conducting sphere in a dielectric matrix .

with dielectric constant ik is .

C.!phrlz:’_Z'ﬁEGK}/

where r is the radius of the sphere and eo is the permittivity of [ree space, On the

other hand, the self-capacitance of a conducting sphere with a stabilizer coating
25 having dielectric permittivity, . in a matrix with dielectric permittivity s, *and a

relative permittivity er= &m /e is

47g, £ ab
Ccamed—.rphere = m



conpl exes and their acac conplexes. In yet another enbodi nent,

el ectrochem cal reduction of the halide salts, halide conplexes or the
acac conpl exes of Fe, Co,, Ni, Cu, Ru, Rh, Pd, Ag, Re, Gs, Ir, Pt and An
are also used to prepare inorganic electron donors using a variety of
stabilizers such as THE, tctrahydrothi ophene, quaternary 10 ammonium salts
and betaine surfactants. The inorganic el ectron donors generally have
particle sizes of Ito 100 nm Wthin this range, it is generally desirable
to have inorganic el ectron donors greater than or equal to 1.5, greater

than of equale fn2Ams oftheQodesld AR G:. W LOLDK, |s_general ly

. ?Irgeta(la ee’ t
desirable to have organic e ron donors [esg than of édﬂ‘éﬂ to 50, less
15 than orhegualz This 26 amand t4 €% tb Bihditiereeg itadapdedantSionparidist hout bei ng
limted by theory, .the choice of st a,btkl i zer has an effect on the
el ectrical “propertl eg’ of ThRe“davi T8 "DEFEITE S Firerent 2 S5 i zers exhi bi t
di fferent ofdicelrecind or cangtamdiaic thedisel Bk 1eaostante of the stabilizing
mat eri al surroundi ng, the metal influences the self capacitance of the
nanoparti ¢IEE FPYHE atri x material. 20 For exanple, the self-capacitance

cf a naked conuuerking dephedegdnbraly HeRhQE Ik bBctMBEdd Kopinb-iidi €l ectric
constant i¢. is Cptne dnroxy where r is the radius of the sphere and eo is

t he per ni tf@?\‘ﬂw F¥ 88 CFAE" Pk iR oGt Welght RERRIL KEteeink- capaci t ance of
a conduct irﬁl@e &m’g@h&aw deBiraRie$4 @bbd b ZQt &Q@tekﬂﬂale, %éat@xat}%rp(g egla?l ectric
perm'ttivitg, a, Iinamtrix with dielectric permttivity Em |and a

rel ative pRFifRtY BGREY e or2qwm! o aposigSiaad grppierthangls exghipebbuspher e b-n(l-,) 15

wher e a{]i%t@il&sécﬁﬂth@t_oginié}ﬁpmé@Ln. m%%@ﬁragigdvitpiniﬂ%s xta.ng,ee igzﬁ‘xdi us of the .rTEt al
sphere plus the coating. This can anbunt to a 20%to 30% di fference in

capaci t anG&FR! s h it é3ial Ravauhtf. kosdharer efual legeout Hamddességual to 10 nm
W th prot egtdwieo 9h&l bSwhRRYARGo ARt BLEKRAESSf the film.

Electron acceptors include, but are nat limited to 8-hydroxyquinoline,
phenothiazine, 9,10-dimethylanthracene, pentafluoroaniline, phthalocyanine,

15 perfluorephthalicyanine, tetraphenylporphine, copper phthalocyanine, copper
perfluorophthalocyanine, copper tetraphenylporphine, 2-(9-dicyanomethylene-
spiro[8.5}lundec-3-ylidene)-malononitrile, 4-phenylazo-benzene-1,3-diol, 4-(pyridin-
2-ylazo)-benzene-1,3-diol, benzo{1,2,5]thiadiazole-4,7-dicarbonitrile,
tetracyanoquinodimethane, quinoline, chiorpromazine, tetraphenylporphine, copper

20 phthalocyanine, copper perfluorophthalocyanine, or the like, or combinations
comprising at least one of the foregoing electron acceptors.

The selection of the optimum electron acceptor is influenced by its electron
affinity. It is possible to use one or more electron accepiors to minimize threshold
voltages while offering improved environmental stability,

25 The electron acceptors are generally present in the electric field
programyunable film in an azrount of 0.05 to 45 wi% based on the total weight of the
tilm. Within this range it is generally desirable to usc an amount of for example,
greater than or equal to about 3, greater than or equal to about 3, and greater than or

equai to about 8 wt%, based on the total weight of the film. Also desirable within



of 1 to 2 nmand, for exanple, dielectric constants of 2 and 5 for the

coating and the 5 matrix, respectively. The el ectron donors are generally

present in the electric field programmable filmin an amount of 0.05 to 45

wt % based on the total weight of the film Wthin this range it is

generally desirable to use an anmount of for exanple, greater than or equal

to about 3, greater than or equal to about 5, and greater than or equal to

about S 10 wt % based on the total 1seight of the film Al so desirable

within this range is an anount of |ess than or equal to about 40, |ess

than or equal to. about 30, and |ess than. ,or egual to about 25 wt% based
4l ! 1 4 l

on the to'?tgis R ght a”c}?un'? HeF i I Bl T oh acteptor sThertde, but are not

i mted to3oBarfiyels oxyauhnoldbey: 25 phehothiatbt ne] wOgik04 di et hyl ant hr acene,

pent af | uor oani | i ne, pht hal oc Cﬁqi ne, 15 Spa?ertt) gorn%pht ha4i cyani ne,

t et r aphenyl por PRFHEEopHer % VHEPOETRITTE © 8opper “Bét T 15 opht hal ocyani ne,

copper t et aphemy perdibiderar 2n(cRoflire ranemtR yhilenat to form donor-

spiro[ 5. 5] undec-3-ylidene)-malononitrile, 4-phenylazo-benzene-1, 3-diol,

4- (pyri @i naccqg_tcy-|C%{~2}d3x_«awnait§1ﬁéquﬂygf;haligﬁfr:msfer salts. "The extent of reaction

ben7o[ 1, 2, althi-adhazRkends b dlbaad BORLL dohbLine ich8il-a¢¥anagstivnodi met hane,

. . p : ; .
qui nol i ne, chlorpronazine, tetraphenyl porphine, copper 20 phthal ocyani ne,
copper per f WS OIFERALDE Feh P stvigPT vRBF iPke A IGE Cotitsi*Adt i ons  conpri sing at
I east one g 1he v&Q&m&QQJdQQer@La%%iE&Ebl@t%%QIfofézts. theasghgetion of the optinmum
el ectron acceptor is influenced by its electron affinity. It is possible
to use onefopringerontapdopdy porTesall EpraFan Rebvest ribdPR donokraed Rledtid™ vol t ages whi l e

3 oTS, donor-ace Exes PAnD; Hohdlty afded e forintiation' lo ¢
of fering i nMRrOVEed,enVILANTERLRles SEARE IR 120 ThEe BLBGLERN, acceptors are
generally present in the electric field programable filmin an anmount of
0. 05 t o 45adjus¥sdyésed ofhthrdyold paliakesien ghte wfretth ot fsidqqurrtt aiin t hi s range it
is general Ly, desirable to use an ampunt of for exanple, greater than or
equal to about "3, greater than or equal to about 5, and greater than or
equal to about A8vivt &y babed-orrrtoheontrted maner giet. dfcardrerléed m Al so desirabl e
wthin 16 Lk sLANG8, ki ARk fent 2854020 R0 80uaL; T0 about 40, ess
than or equa TG about
15 hexamethylenetetrathiafuivalene — tetracyanoquinodimethane; tetraselenafulvalene
- tetracyancquinodimethane; hexamethylenctetraselenafulvalene -
tetracyanoquinodimethane; methylcarbazole - tetracyanogquinodimethane;
tetramethylietraselenofulvalene — tefracyanequinodimethane; metal nanoparticle-
tetracyanoquinodimethane compiexes comprising gold, copper, silver or iron,
20 ferrocene - tetracyanoquinodimethane complexes; tetrathiotetracene, tetramethyl-p- |
phenylenediamine, or hexamethylbenzene - tetracyanoquinedimethane complexes; |
tetrathiafuivalene, hexamethylenetetrathiafulvalene, tetraselenatulvalene,
hexamethylenetetraselenafulvalene, or tetramethyltetraselenofulvalens-N-
allylcarbazole(Ci — Ci, linear or branched) complexes; tetrathiotetracene,
25 tetramethyl-p-phenylenediamine, or hexamethylbenzene-Buckminsterfulierene Ceo
complexes; tetrathiafulvalene, hexamethylenetetrathiafulvalene,
tetrasclenafulvalene, hexamethylenetetraselenafuivalene, or

tetramethyltetraselenofulvalene-iN-alkylcarbazole(Cr - Cu, linear or branched)

complexes; tetrathiotetracene, tetramethyl-p-phenylenediamine, or



30, and less than or equal to about 25 wt% based on the total weight of
the film When el ectron donors and el ectron acceptors are to be conbined in
the sane fornulation, it is believed that some donors and acceptors w ||
react to formdonor- 5 acceptor conplexes or, alternatively,
charge-transfer salts. The extent of reaction depends on the el ectron
affinity of the electron donor, the ionization potential of the acceptor,
kinetic factors such as activation gnergies, activation entropies and
activation voI umes, and energies attributable to matrix effects. In

addi tion t§ h"ﬁs*% spont aneous| as a resu !6 ffl a reaction between

el ectron doRSFSE T RE &1 e e 1 oN o7 A CE I BFs * U ARG “&Ecept or conpl exes can be
optionally h@@@@@yk&t&rhmémﬁma&tla@smentamha;aﬁlq ust "on" and "of f" threshold
vol tages, "on" state currents, "off" state currents and the like. A w de

array of dé‘ﬁ’@ﬁ‘e%%ﬁﬁ?k@?d"(ﬁ‘é{ﬁﬁla]é&ee%r Sy eBe e ReEE Bl Sl exes i ncl ude, but

are not |i nikedolBied ethathiraf shitadaengapiedelfagyanogui nodi met hane; 15
hexanet hyl enéet et r at hi af ul val ene - tetracyanoqui nodi net hane;

t et r asel endftirgaybpebenyleqediapiieca REGUFHEa e naTigranoethylene

hexanet hyl ‘%Qﬁ%l@ic& asglrenaf v alentnyb8ld.a6¢aReQuI nodi met hane;
net hyl car bazol e - tetracyanoqui nodi net hane;

t et r amet hy|'ttepdlasivenos h#xvraﬁtéﬁ@ete“%selﬁwééwéﬁﬁ‘wﬂi nodi ne t hane; netal
nanovarti cl.g:, L8l ft@ﬁ%@e’ﬁgﬂwmgx(?ed&«ﬁ%lpﬂ%%olg@m)&@%Qe%r&Q}%Eﬂcﬁf ng gold, copper,

silver or iron, 20 ferrocene - tetracyanoqui nodi nethane conplexes
t et rat hi ot épmale@ﬂéetrﬂtl"eftt@a‘m&hsitmpﬂiﬂphm\?yﬂené@hﬂa%mDme or hexanet hyl benzene -

tetracy Oqlléxa&%gib g@;%grgef %thor"u cgl)x(\ﬁgies, o'% ceotnrb%‘":[ah#n% r%mg NGeast one

hexanet hyl enet et ['ene, "t etrasel enat ul val
hexanet hyl @tﬁé@é:trtrgaseldelm{aubytarl eneiexegr tetramnmet hyI t et rasel enof ul val ene- N-

al kyl car bazol e(V%en dortor: ar_‘Je gec%{:n. %Eeslgx[eausui %g)) argé)errgmﬁ}(pergsént {thr athi otetracene,
25 tetranet hyl - p- phenyl enedi ant ne

hexanet hy| bign renesBuctofi. ﬁlstbélwft‘ﬂbzise:heﬁée @abweigmmhebﬂes withetthiat hi af ul val ene,

hexanet hyl %Qneteqt L aethI ﬁl él %Ieet dge an Er%ctn[ ?Sf%flar%l:(]aarg ‘la \éraéaterqgén or equal
hexanet hyl en ehafiival end’
t et ramethylte aionaBtBl @maefrmﬂlavlalr e;txel—td}\hbaht‘royll ﬁr@i@m&@ﬂﬂﬁ & equlm abbiitnear or

g:: anched) 0C5 wto, base%son tlt‘neetto{a x:[vg!gh?%fetgg m Qx%o dnsuable w1thnb¥* rgngghenyl enedi am ne,

amount of iess than or equal to about 4.5, less than or equal to aboul 4, and less than
or equal to about 3.5 wt%, based on the total weight of the film.
The solvent can be any liquid that dissolves the matrix material; the electron

20 donors; the electron acceptors; and, optionally, and the optional donor-acceptor
complexes. Itis generally desirable that the matrix precursor composition or the
dielectric matrix material; the electron donors; the electron accepturs; and,
optionally, and the optional donor-acceptor complexes remam in solution for a
sufficient period of time to allow casting of the electric field programmable film,

25 Accordingly, solvent systems that provide kinetically stable or thermodynamically
stable solutions are suitable. In general, casting solvents should have a flash point
greater than or equal to 36°C and a beiling point of 120°C to 300°C.

Suitable solvents include, but are not limited to 1,2-dichloro-benzene, anisole,

mixed xylene isomers, o-xylene, p-xylene, m-xylene, dicthyl carbonate, propylene



17 hexanet hyl benzene-t et racyanobenzene conpl exes, tetrathiaful 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 cne, or tetranethyltetrasel enof ul val ene- N-

al kyl carbazol e(C -Co, linear or branched) conpl exes, tetrathiotetracene, 5
t et ramet hyl - p- phenyl enedi am ne, or hexanet hyl benzene-tetracyanoet hyl ene
conpl exes; tetrathiaful val ene, hexanet hyl enet etrat hi af ul val ene,

t etrasel enaf ul val ene, hexanet hyl enet et rgsel enaf ul val ene, or

tetramet hyl t etrasel enof ul val ene- N- al kyl carbazol e(C - Co, linear or
branched) ~_compl.exes. xf ebrakhiab &t 1aceRso LeLbaRtLhyl kP phenyl enedi am ne,
or 10 hexanet hyl benzene-p-c oranl coinexes conpri si ng
at | east one dﬁeﬁh@Oﬂbﬁegnpmbt@@ﬁmﬂma@@ept@ﬁu@dﬁﬁb@ﬂ@SymM%snpm

donor - accept or . are ally present in the film
in an armugt of&ggg&%%ﬁ%?%&%hq‘g% LaE{g](%X)o atovir% 3\1,%%%1%%?0r ATy eél film Wthin
this range, itdw%mgéh@mahwy%ﬁe@$@dmhemt@ use an anDunt of for exanple,
greater than.or eq 0 reater an or ual to about 0.1,
and greater than oﬁagaﬂgmoggm%bje%ah %ld%f : ”5?3 Oﬁ?ﬁ%qméFhl wei ght of
the film Al so désiatiabireiw ttll'fﬂqmntﬂ(llfcsmﬁanl@@ﬂ ssspammnaenmﬁum ®f |ess than or
equal to about ?.4LI'50 muls1snc:0m 0 O S anuthe quj? f S t l less than or equal
to about 3.5 w9 Dbased o pfﬁég ot al “Wel ght “of “TRe FI T FHE" sol vent can be
any liquid thaUmda@@@*m@gﬁmh@mnﬁunﬁm@nakﬁﬂuaﬂpm®®5meheﬁtron 20 donors; the
el ectron accept nor - agc pt or

ti |
eﬁky% 0 Hfg rya?sido P tl 9 Qesu ble {o ltcoL}o etho%%l%t%maa'vlﬁ% g X TS

conpl exes. esira onposi tion
or the di elléctﬂom:carmbmoms nfats elsd @dbi;f1thh€u£laEtﬁHOhﬁﬂ)xyd@EKjﬁ&pg,tfd’ie el ectron
acceptors; and, o nal | and. t he op qﬁnor acce tor conpl exes
remain in solut?%n 3goghm§ﬁ?%?%F§ﬁFPpé$% mﬂ? gt m bSﬁ%casting of the

electric field @ﬂmgnmnmabyemmmhmﬂqQﬁu%@nm;d1m@bynm&amMﬁﬁmmﬁystenB t hat
uitani e in oontrir® BRE R LATOEREBRb T o ARl BT &1 cat er
than or equal tw® 36 ands adbm Jjoc ﬂ@ylsp@loﬂtie ©bupk 20 @it ris3OQE. it s
15 exemplary to have 12 to 20 ethylene oxide groups. Alkylpolyglycosides having 6 to
24 carborn atoms may also be used as surfactants, Within this rangg, it is exemplary
to use alkylpolyglycosides with 6 to 20 carbon atoms. It is also e#empiary to use
alkylpolyglycosides having 1 to 20 glycoside groups with 9 to 20 glycoside groups
more exemplary. Ethylene oxide - propylene oxide block copolymers may also be
20 used as surfactants.

Suitable quaternary ammonium surfactants include compounds having the

formula

!
R—Jt—n'r
b
wherein I, R’ R" and R" are the same or different and may be an alkyl, aryl or
25 aralkyl group having 1 to 24 carbon atoms that can optionally contain one or more of
phospharus, exygen sulfur or nitrogen hetercatoms, and wherein X is F, CI, Br, [ or

an alkyl sulfate.



Sui tabl e sol vents include, but are not limted to 1, 2-dichl oro-benzene,

ani sol e, mxed xylene isoners, o-xylene, p-xylene, mxylene, diethyl
carbonate, propylene 18 carbonate, R-COR2, R -COOR - and

R -COO R3-COO-R2 wherein R and R2 can be the sane or different and
represent linear, cyclic or branched al kyl al kyl ene, al kyne, benzyl or
aryl noieties having 1 to 10 carbon atons, and R3 is a linear or branched
dival ent al kyl ene having i to 6 carhgn atones. 5 In one enbodinent, the
electric field programmable film conposition can optionally contain a
surfactant to forma colloidal suspension, enulsion or mcroemnulsion
conpri si ng mate?mEPhéﬁﬁTﬁ%?mﬁﬁWPﬁﬁF%ﬂ%a$ﬁﬁéw5u@mmﬂﬁbhecﬁmﬁﬁonlc

sur f act ant s cisnglauge; cﬁéfg@bﬂlnaz@stﬂ%%k e Sl al@{rltb ;!Qq nel gl hoxyl ates, and
alkylpolygl§c05|des It is desirable to use ol e oxyl at es haV|ng, for
exanpl e, ﬂmwét?%“@é@b@ﬁmapéﬁweﬂﬂbnﬁsXﬂbsouMmﬁemaMMEamafuse al coho

et hoxyl at es r xi.de groups.
AIkyIphenoIhet éﬂg g%gf ﬁ§§?H§J§KM& %%' gg%ﬁ%n ?m “Hhey *GMSo be used as
sur f act ant swithhtcoethekanplde groabkyl phenol et hoxyl ates may be used as
surfactants, wherein thﬁﬁecsrbgaﬁsmdv@D'Et'es have 8 to 10 carbon atons
and | to 100 et RyI"&H&™8X1de §iotps SRIA TR R M £ 15 exenpl ary
to have 12 tee@Oboeidiy| ene OXIde groups. Al kyl pol yglycosides having 6 to 24
carbon atons may al so be used as surfactants. Wthin this range, it is
exenplary to use al kyl pol yglycosidgs with 6 to 20 carbon atons. It is also
exenplary to use alkylpolyglycosﬁﬂﬁk Raving | to 20 glycoside groups with
9 to 20 glycoside groups nore exenmary. Ethylene oxide - propyl ene oxide
bl ock copol ATRY; @l sur.fac ants Sui t abl e quat ernary
annDnlun1su¥5§é$antsI?ﬁ%ﬁﬁlgmggwh%ﬁﬁgggﬁﬁ FHYERE: =¥ 'sF Al R RN -R° X R

i0  group having 6 to 24 carbon atoms that can optionally contain one or more P, O, S or
N heteroatoms. Another class of amphoteric surfactants includes betaine
compounds having the formula:

R

R ;\’:’*—-(CI—I;).,C-—-O‘
7"

where R, R' and R" may be the same or different and are each an alkyl, aryl or aralkyl
15 group having 6 to 24 carbon atoms that can optionally contain one or more I, O, S or

N hetercatoms, and niis 1 to 10.

4

I£ the electric field programmable film composition utilized a surfactant, it is
generally desirable for the electric field programmabie filrm composition to contain |
less than or equal to 10 wt% surfactant, less than or equal to 3 wt' surfactant and

20 less than or equal to 1 wt¥% surfactant,

In order to form the electric field programmable film, the electric field
pregrammable fHlm composition is cast onto a substrate and any solvent present is
then removed. For spin-coating, spin speeds of 200 rpm to 6060 rpm may be used,

Relative solvent evaporation rates are usually referenced to the evaporation rate of

25 n-butyl acetate at 20°C. Desired evaporation rates for casting solvents are 0.05 to 2.0.



wherein RR, R, R' and Rare the sane or different and may be an al kyl, aryl
or 25 aral kyl group having | to 24 carbon atons that can optionally contain
one or nore of phosphorus, oxygen sul fur or nitrogen heteroatons, and
wherein Xis F, d, Br, I or an alkyl sulfate. 19 Suitable anionic
surfactants include al kyl benzene sul fonates having 6 to 24 carbon atons;

ol efin sulfonates having 6 to 24 carbon atons; paraffin sulfonates having
6 to 24 carbon atons; cunene sul fonage; xylene suifonate; al cohol sulfates
having 6 to 24 carbon atonS' and al cohol ether sulfates having 6 to 24

carbon ato oxi de groups. Suitabl e anphoteric
sur f act ant gﬁiersi%lvﬁn evag?nafhoé” DB%“%‘Bﬁp%ﬁﬂ?jB“ Hﬁ%i‘g‘i F Hign pHgualgeierTat for mul a R
RN-—O Rsow%reeapamamamaegmpwm@sbm@maoml fferent and are each an
al kyl, aryl or aralkyl 10 group having 6 to 24 carbon atons that can

optional Iy cont&iTEAGEE ﬂ??c?lleémpfmié progragmablpfilpel e Batlors: fielinot her cl ass of

anphot eri ¢ suhashBnis bRedsUSLSRELADE: §IRALNDS, g the formula: 't O
where R R ggﬁd R' may Cberc;{-l'é he s;ma ore dlsf ferent ané%ygpeach an al kyl , aryI

or aral Kyl emP®ygt daﬁn%awaf@e@ hoslouridigipenatroirs fthatcacaomoept i onal |y

contai N ON&oREntARE Suilhie Dibstey prileRELEL08 and n is 1.to 10. If the
electric field progrlan%ablse ypr]ﬁ 80m§osjl t%pg‘g&ﬁ*u Trad 8 8 d¥f act ant, it is

general | y déS7358|% Poinstiipsle éqaém fridelof joeting. FJ\ra@gfh@:mbdhe;exftJ than conposition to

contai n | e&siit hAR L RE QUL a0k o§yrfac ant Iess than or equal to 3
Wt % sur factant and’ gra less t hcafn%or qual”te SR Burfactant. In order to

form the eleBettdeposiiddiom probejdd mrrabisenfenlutvion bheiceksaskibhc fi el d

10 comprising water or another suitable carrier,

Once deposited, the film can be dried using a convection oven, an infrared
oven, a microwave oven, a radiant heater, a hard-contact or proximity hotplate or
other suitable heating device at temperatures of 10°C to 250°C. The time of heating
1s for a period of 15 seconds to 2 hours, depending on the drying method used. It is

15 desired that the film is brought to within 10°C of the target temperature for at least
10 seconds to 5 minutes. Whatever the method of drying, the final solvent
concentration in the film is less or equal to about 10 wt%, with less than or equal to 5
wl% being exemplary, and less than or equal to 3 wt% being even maore exemplary,
based on the total weight of the electric field programmable fiim,

20 As stated above, the film may be used in a cross-point array, When the film is
used in a cross point array, the electrodes may be electrically coupled to the electric
field programmable film. The cross point array may advantageously include an
electrical coupling element. An electrical coupling element is a component
interposed between the electric feld programmable film or electric field

25 programmable film element. Examples of electrical coupling elements are a bit line
or a word line. An electrical coupling element can provide ohmic contact, contact
via a conducting plug, capacitive contact, contact via an intervening tunnel junction,
contact via an intervening isolation device such as a diode or a transistor or contact

via other electrical devices.



programmabl e fil mconposition is cast onto a substrate and any sol vent
present is then renoved. For spin-coating, spin speeds of 200 rpmto 6000
rpom may be used. Relative solvent evaporation rates are usually referenced
to the evaporation rate of 25 n-butyl acetate at 20C. Desired evaporation
rates for casting solvents are 0.05 to 2.0. 20 The solvent evaporation
rate for exanple, should be greater than or equal to 0.1. The solvent
evaporation rate for exanple, is less than or equal to I.D. In
manuf acturing the electric field programmble filmfromthe electric field
programmabl e fil m conpositi vari ou turln may be 5
enpl oyed. In oh&°EnBS t?weeﬁ‘??‘?ucigﬁ%rsgf“é %F%r t?ﬁ%ﬁﬁeéts s éi“ﬁm%gﬁl e flgl m |>/s cast
froma sol.M@mtacehs @esSdil iakdeen SRS talad @e kb}éclﬂi’n@C‘ﬁ’S&&Se sate hreis Spi n coating,
spray coating, ink- jet coating, dip ?atl n bl ade coating and sl ot
coating. |#anbtHeN ebbe et > ‘f”htée“ sieir *i:"“Fl‘séY‘metPB\i)Féfrrrmbl e film
conposi ti OfsGAMRBL 4V\Qﬂﬁllﬂey010@ﬁtn@d BarD@ 22h26f. 0depast &ad ifor om a col | oi dal
suspensi on, €emulsion or mcroenulsion 10 conprising water or another
sui tabl & calemligof W@‘iéléesdéfﬁ%iiEfbeﬁse“‘t”lL}éP?PifeHaff‘éor‘l‘ Beidrs @deusi ng a convection
oven, an ipfhated, QVERiucR: MhGERAVBYE: 1IBMENesiedtAGL ANtdReatLr , a hard-contact
or proximty hotplate or other suitable heating device at tenperatures of
10C to 250@:mTdetijen®hef thh@atd g is apsgriqdpine Bt perqcsd et canBe g¥etonds to 2 hours,
dependi ng on Y the filmis
br ought topevxﬁi %rﬁﬁﬁgﬁowg}t@%%gg gg%ﬁ?eﬁléea;rrﬁﬂg?g%%r ggﬁér‘?gggﬁtgét 10 seconds to
5 m nut es. Wm"eoaebe frhiganye o dnofrag psyrivhgality ¢féitiinpatranged went  concentrati on
in the 1f'|g‘séma1 Hdgfasglgual to about 10 % with less than or equal to 5
wt % bei rqg esxe Yar T'ess than or equal to 3 wm % being even nore
exerrpl ary, ba&;]&dale@mchhepto@taaﬁnamﬁgdmbbta@riedtfdtrex thd @@trmheidfl el d programmabl e
the T m i SoRugaaor Aoa eratt s i S he e B ey pe X1 N
el ectrical chﬁmplbfedtota@e ﬁehe:eel'z‘e@te fdvexes rfu;e:bntmprbmt@n ammebﬂﬂel dilm The cross
2?;2% “a::;lax%lgllaﬁaélfﬁ g%g%’lgfgnglg\?ﬂ?% ﬂsvmllnglckllflndseare%re]?efa? y?&%}tmlé (%E%Lcdccf?a\l?li@elzs! ng element. An
15 The following figures depict a number of exemplary embodiments in which the

electric field programumable film may be used. Figure 1{b) shows one example of a
cross point array having a single electric field programmable film, 2, coupled to a
first electrode, 3, a second electrode, 4, a variable program/read voltage source
connected to the first electrode, 5 and a reference or ground connected to the second

20 electrode, 6. Figure 2(a) shows a cutaway view of a cross-point array data storage
device with a continuous electric field programmable film represented by 7, an array
of word lines, an example of which is 8, an array of bit lines, an example of which is
9 and the electric field programmable film element 10 formed by the interposing
electric field programumable film 7 at the intersection of word line 8 and bit line 9.

25  Figure 2(b) shows a cutaway view of a cross-point array data storage device with a
plurality of pixilated electric field programmable film elements represented by 11.
Each electric feld programmable film element is efectrically coupled to 2 word line,

exemplified by 12, and a bit linc, exemplified by 13. In additicen, thers are a plurality



i nterposed between the electric field progranmable filmor electric field
25 programmabl e filmel enment. Exanples of electrical coupling elenents are
a bit line or a wrd line. An electrical coupling el enent can provide
ohm c contact, contact via a conducting plug, capacitive contact, contact
via an intervening tunnel junction, contact via an intervening isolation
device such as a diode or a transistor or contact via other electrical
devices. 21 A word line is the conductor or sem conductor that selects the
desired bit in a randon1access menory device. It is also called the sel ect
line. When t { be read or
written. “meﬁmcggj ng%mggﬁngmmgg%‘“ﬂ£ﬁ9£ggﬁggaﬁg?¥§%mof "word |ine" or
"bit Iine" igaprker@ndictiiasr and 1A wwod dossi ne array is a 5 plurality of word

i nes arranged in essentiall ar al fashi on line is the

conduct or or sgﬁFﬁﬁﬁgﬂﬁﬁﬁFs?ﬁﬁt“d€”3§Q%”Wﬁ*?””“?ﬁgmﬁé5|red bit in a random
access NMERBHY:isdQ\leaif: MR rtRemBikh ddohais) Sp-asaet yed, eldcheallyi t 1s sel ected
and can be either read or witten, Wen the vice |S S trical, the
desi gnat- OO B PPl bl GRe, 17 et aryepgpeplary Y E & & Bt eFeé‘%/%r/mFA bit Iine

array is aplidkahi tyar@bo, Rishecilleu@rshangedlolinikthresseatinal |y parall el
fashion. The electric field progranmable fil mobtained fromthe electric

field prograkealrents Prindoimsding Perroray *bEistised) i ef &6¢F8Hki ¢ menory and

swi t chi ng d@,%}@w&% cREs Rk era'sytd%@sgc%mggg(ﬁgce%%mc%@@% devices:rRY contain
either a single | m or iple | ms. Devices having nmultiple filnms are

general |y ﬁéﬁw@daQF@@W@@fHéWWéé@ﬂwﬁﬁfiﬁ@dﬂ@lY@WP%@KF$@HW§§“Hep|ct a nunber
of exenp] ary, hﬁm&)%@g%%nv\%ﬁ%wmetzbem%leaﬁz Edi€obd &bk gQr ammabl e il m may

be used. Figure 1 ne exanple of a cross poi nt array having a
si ngl e el ectepiests ieeledriplpgranntishe: kivkdyve Bt rcp epiretticddyahe first el ectrode,

3. 2 second elagbroen. fdatalabl S,anoonamkisad.va) bage source  connect ed

to the first electrode a reference or ground connected to the second
20 el ect r odexthed eledEiigly @uPéhlp twhiomwpedivoutraliag avidedsofhowndt BISE- poi nt array

data stor agﬁwdrggjnggm\égefpggag SORLLAUOHS ; l-8GHLE Gedibfbdal09kamabl e film

represente
15  address the individual bits and amplify the signals obtained from them.

Figure 4 shows a cutaway partially exploded view of a stacked data storage
device on a substrate, 31, cornprising a first device layer, having a vertical line array
with a pluratity of conducting or semiconducting electrodes, exemplified by 32, and
an insulating material having a dielectric constant, 33, an electric field programmable

20 Flm, 34, electrically coupled to the conducting or semicenducting electrodes
exemplified by 32 and the conducting or semiconduecting electrodes, exemplified by.
35, in a herizontal line array with each electrode being isoiated from its nearest
neighbor by an insulating material having a dielectric constant, exemplified by 36, a
second device layer, separated from the first device layer by a dielectric insulating

25  layer, 37, having a vertical line array with a plurality of conducting or
semiconducting electrodes, exemplified by 38, and an insulating materiat having a
dielectric constant, 39, an electric field programmable flm, 40, electrically coupled to
the conducting or semiconducting electrodes exemplified by 38 and the conducting

or semiconducting electrodes, exemplified by 41, in a herizontal line array with each



of word lines, an exanple of which is 8 an array of bit lines, an exanple
of which is 9 and the electric field progranmable filmelenent 10 forned
by the interposing electric field programmable film7 at the intersection
of word line 8 and bit line 9. 25 Figure 2(b) shows a cutaway view of a
cross-point array data storage device with a plurality of pixilated
electric field programmable filmelenents represented by 11. Each electric
field programmable filmelenent is ®lectrically coupled to a word |ine,
exenplified by 12, and a bit line, exenplified by 13. In addition, there
are a plural.l ) L ) ' . t exemplified by 14

i nter posed% eg%&\f‘\lééﬁngtlﬁogate fgog% lg%ngﬁl%fr ﬁ%‘&%kﬂp %arglggn%%ﬁsznlg%ﬁ%m’éﬁd the word

| i nes. Fi gutiedec@if enssitomsmgils¢hetfat i ¢ di agram of a cross point array device
conprising electric fjeld. progra le filmelenents, represented by 16,

ol etricarly e st b hPAATEREE Pase i e R 5 ohEh on axempl ary wor d
line, 18, wimo@Xenpbarsyalconeticlianssct, i andei2f cadnespettd vely. Al so shown in
bl ock diagramformare the .  sensing electronics, 21 and the polling
eIectron?cé?mﬁﬁ?mﬁﬁéhwgm?TﬂTe?H%“Egﬁﬁgﬁh5ﬁ§?ﬁ€“meﬁﬁfﬁﬁP@PYa cross poi nt
array devi GeufQNPite GisgirRic@EIhk biscthd iRlddhrpf-oahamaklBmtiLfa el enents, an
exanpl e of which is shown by 23, electrically coupled to an exenplary 10
bit |ine, ZASHHR BHEREMAPIRS Koraepidiw st tharetmbfiddi ric fiel d

progr ammabl o gdch-Mbleel@RRALS A frdi@hld kLl Xt-Goupt edit nihelsr respective

bit lines, exenplified by the connection at 24, via isolation diodes, an
exanpl e ofEWHﬂ€HMP§”§H6ﬁ%&%? 27 and further electrically coupled to their
respectiiye word lyipnes; atp28. Al so shown in block diagramformare the
polling electronics, 29 and the sensing electronics, 30 used to 15 address
t he individual BYTSlEntYBRplify the signals obtained fromthem Figure 4
shows a cutaway partakl yqexpl oded view of a stacked data storage device
on a substrate, 31, conprising a first device layer, having a vertical |ine
array wth a pllifal¥ley. of conducting or sem conducting el ectrodes,

exenpl i fi ed, . 32med0praR: hORMNRL G MRL 8LL AL, NaviNg, g4 di glect ric

constant, 33, an electric field progra blre 20 film 34, electrically
coupl ed¥ o hehenpbirtuety. Ngs orersellinc orrd Ut k pry cedieett figddes

programmable film elements arrayed in essentially coplanar fashion, and D is a
dielectric insulating layer.

In addition to single layer memory structures described above, multi-layered
structures such as those shown i Figures 4, 5 and 6 may also be constructed. While

- 20 the figures indicate only a few device layers for simplicity, a larger numberz is
contemplated in accordance with the appended claims.

Figures 4 and 5 show stacked structures separated by a dielectric isolation
layer. Such layers form a substantially plane layer-like structure, making it possible
to stack such planar layer-like structures, thus forming a volumetric memory device.

25  Isolation layers of this invention are infended to isolate the various device layers
from one another electrically, capacitively, and, optionally, optically. In addition,
the material must be capable of being etched so that via holes can be imparted for
the purpose of interconnecting the various layvers. Incrganic isolation materials such

as silicon oxide, formed chemical vapor deposition from the decemposition of



exenplified by 32 and the conducting or sem conducting el ectrodes,
exenplified by. 35, in a horizontal line array with each el ectrode being
isolated fromits nearest neighbor by an insulating material having a

di el ectric constant, exenplified by 36, a second device |layer, separated
fromthe first device layer by a dielectric insulating 25 |layer, 37, having
a vertical line array with a plurality of conducting or sem conducting

el ectrodes, exenplified by 38, and @n insulating material having a

di el ectric constant, 39, an electric field progranmable film 40,

el ectricall 4 conducting,. or _sem conducting el ectrodes
exenplifieéMﬁggg@hﬁﬁg&%ﬁggggﬁﬁﬁgrf%ﬁ“&%?mﬁgﬁug%ﬁﬁﬂ%?vﬁﬁxg1ectrodes,

exenpl i fi editdyuddipxiimargl thedtie 2enteal fod thinpupsse. ay anditidh, eaeh: 23 el ectrode bei ng
i sol at ed f%on1iH§ neqnest neH?hbor b% an insulating material having a

di el ectri c "CORST SR “OURBRBIEFHT B ByPREN 8ok lranERgl oS sor i zontal | nes and
the verti callohidasvigi ehsiete seBGutOh Refsiuwh: khedtiotinteGlinphysi cal and

el ectrical co t?ct apd mTerejn,at each prescribed 5 intersection of a

hor i zont™al qj"laﬂ‘é antoraikgiamt e tonrfiorop e Ho PR EHtAl line is el ectrical ly

coupl ed t 0 wih@ubbdtsliens ok atgesofnattheicel ectric field programmable film
element and the vertical line is electrically coupled to the second
surface of the &8¢t plildipfus] Yts alspo g gmmatt eweidling epepenishgind wherein sai d
stacked dat@ingtRkRQBMEMEEECOMPking BS:scritd GONLOVLatdons selegted from 10
[HPVD] " -, HPV, = [V P.HD]‘~-|VPH, [HP vﬁgj,,, H and [V P HPmYV, where n-I
and m r epr S§EFE Tt WaTHRBYES B shheg datiernyieligs fates arqpxempliig®in m =1-16, His a

15 hor | ?(pnf(Ff?%urJ 6‘ ABesa Eh &Y deVicés%;«ﬁiiéfﬁF;&iLh%@ln tiﬁ.tgl%y Qzl; Jéiﬁ‘ste iglaitién a. set of
electric field programmable filmelenents arrayed in essentially copl anar

fashi on, am¥eD Jnstegd. theverddie fsisearphialib et pdigrettdiyld progtamneadititthon to singl e
| ayer MeNDhyeStructures descri bed above, nulti -livered
Figure 5 shows a cutaway partially exploded view of a stacked data storage
device having a substrate, 43, a first device layer and a second device layer. The first
15 device layer comprises a vertical line array having conducting or semiconducting
lines, exemplified by 44, in contact with a conducting or semiconducting material,
exemplified by 45, having a different work function than 44 thus forming a contact
cliode, and insulators having a dielectric constant, exemnplified by 47, an electric field
programmable film, 46, and a horizontal line array comprising conducting or
20 semiconducting lines, exemplified by 48 and insulators having a dielectric constant, «
exemplified by 49. The diode comprises an anode comprising a metal having a work
function between 2.7 and 4.9 eV and & conducting polymer having a work function
greater than 4.5 eV. Portions of the bottom surface of 46 are electrically coupled to
the lines, 44 via the contact diodes formed by 44 and 45, Portions of the top surface
25 of 46 are electrically coupled to the lines, 48.
The semiconducting lines generally comprises 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

silicide, titanium silicide, tungsten silicide, vanadium silicide, poivacetylene,



structures such as those shown in Figures 4, 5 and 6 may al so be
constructed. Wiile 20 the figures indicate only a few device |ayers for
sinplicity, a larger nunber is contenplated in accordance with the appended
clainms. Figures 4 and 5 show stacked structures separated by a dielectric
isolation |layer. Such layers forma substantially plane |ayer-Ilike
structure, making it possible to stack such planar |ayer-Ilike structures,
thus formng a volunetric nmenory device. 25 Isolation |layers of this
invention are intended to isolate the various device |ayers from one

anot her electric ivel RLION |1 In

addi ti on, 9 e meﬁmf q¥$‘ g ﬂ?-em (gfﬁghgxéﬁgghggﬁthgt vi a hol es
can be |anBt@dy@ﬂﬁphmh&n@umnqgadmé mmfmﬁ@nmemﬁMHg t he various |avers.

| norgani c isolation materi gs Sl|| oxi de, formed chem cal vapor
dep05|t|onP?¥QWWWW%?WW“Eﬁﬁﬁg§§FF§W“%P°ﬁ:”*F §?ﬂ?P52P%8%|Ilcate (TEOS) or

ot her sili gaj@bosdd pARIIY, pdny;dzeem %bl'y{pc}ﬂwlan}%ﬁyﬂllﬁdel @8yphekyidnani um di oxi de, and
the like are used for this addi tion, organic and organosilicon
i sol ati 6n ﬁ%@b?¢ﬁ?§m@ﬁtﬂ“%@“@@Fw&ﬁﬁhﬁﬂﬁ§§oW&Pﬁﬁﬁé?ﬁons conpri sing

si | oxanes E@waggh&m&@n@lpk@@eq y81hsl-bh AL @RphsuRS b (RERdoST | sesqui oxanes
havi ng C, Co al kyl, aryl or al kylaryl substitution, fluoropolyners

conprisingPhW%@W%fluoroethylene polyi mi des, and the |ike. Isolation of

i ndi vi dual bi tﬁﬁérté’ﬂﬂahmfs%wse%%mk@y foftn WL Hnd dDee ﬂa&r%ﬁ@ﬁ%ﬁﬁhed usi ng
contact diode sfructures of the kind described and shown in Figure 5.

Stacked deviitedevichlaytibe ir BlEEebuéS haries shdred cetweérr device | ayers are
exenpl ifi ed i ﬂe&eﬁsﬂ% ﬁ@seslbgﬁalﬁ&%m&g\%ﬁémggﬁ di stingui shed in that

they do not use isolatio | ayers. | nstead d-line is shared between
adj acent fwwh@m@nbgﬂawnﬁbh@hﬁﬁﬁwﬁlWayewg“ﬂﬁ@gmﬁedﬁsshoms a cut away

partially %19!09&{5%9 %’A&X&l iPlex é’%f &FJg%E‘ ﬁ&% c%}f&érﬂ% AeULER,1avi ng a

substrate, 43, a evi c second eV|ce ayer. The first
15 device ﬁbWewb@@wprmsﬁgd@dvendF@A#W$hmg%aﬁMéyHMav$mg conducting or

sem conduck i gk Bes, 1£XEMR) A1 6Bl b SRBLABLaNLILY, @ conducting or
sem conducting material,

15 array comprising conducting or semiconducting lines, exemplified by 55 and
insulaters having a dielectric constant, exemplified by 56. Portions of the bottom
surface of 53 are electrically coupled to the lines, 51 via the contact diodes formed by
51 and 52. Portions of the tap surface of 46 are electrically coupled to the lines, 55.
The first and second device layers in Figure 5 are shown aligned with one another

20 but can be offse! to facilitate interconnection.

In Figure 6 is provided a partially exploded cutaway view of yet another J
stacked data storage device comprising a substrate, 57, and three device layers. The
first device layer comprises a vertical line array having conducting or
semiconducting lines, exemplified by 58, in contact with a conducting or

25 semiconducting material, exemplified by 59, having a different work function than
58 thus forming a contact diode, and insulators having a dielcctric constant,
exernplified by 61, an electric field programmable film, 60, and a horizontal Jine
array comprising conducting or semiconducting lines, exemplified by 62 and

insulators having a dielectric constant, exemplificd by 63. Portions of the bottom



exenplified by 45, having a different work function than 44 thus formng a
contact diode, and insulators having a dielectric constant, exenplified by
47, an electric field programmable film 46, and a horizontal |ine array
conpri sing conducting or 20 sem conducting |lines, exenplified by 48 and
insulators having a dielectric constant, exenplified by 49. The di ode
conpri ses an anode conprising a netal having a work function between 2.7
and 4.9 eV and a conducting pol yneryshaving a work function greater than
4.5 eV. Portions of the bottom surface of 46 are electrically coupled to

t he |ines, Vi ontact diodes. fo d.by 44 and 45. Portions of the
t op surfacgﬁéfgkg?gggmﬁ?%ﬁ%Oé@%#?&ﬁ T %ﬁ%?%¥f¥%t$ﬂ§sﬁpﬁ%§w 48. The

sen conduct axg 5P.i Preorgeiney @p butfa0po s esctacapdoapiedds 1eal.eshed from p- doped
silicon, nngop?gi.iligon, p- doped anor phous silicon, n-doped anorphous
silicon, pZdGpe eE’S‘fsgﬁrystalline silicon, n-doped polycrystalline silicon,
tantal um sili Chéd@cortiidt-anildye is FlghGisdnphsegs -8R hsiidohGl 188 ar:¥anadi um
silicide, polyacetzlene, 25 polypyrrole, polyaniline, polythiophene,

pol y( 3, 4- ethYf Bt XYY HOpHBh e IPEpeyPempagLctsg lipEpararlphehy | ene)

pol v(pyri dsnedd inf@AME HivaR.a dRALYE LiHRESNSempRRL ¥PREQV SRS ENY | ene,
pol ysel enophene, pﬁg%é%erl-naphthalene), pol yazul ene, pol ycarbozol e,

pol yi ndol e Pr8EMRA? 4301 y (pipHevyirsemsutifd @ejuctizmiryphenyl ene 5 oxi de,

pol yqui nol kfgeonpQkiasenaphixl i LonedROb M é&k&ﬂcﬁggaoﬁht hene,

pol ynapht hot hi ophené, pol y(p-hydro- qui none-al t-thi ophene) or poly(furan-co-
phenylene)?m¢$ﬁéF%m5?P@F#ﬁ%@ﬁ%ﬁ@%@HEHWV@EEéﬂbvnﬁnnhﬁmak$ebmnd devi ce | ayer,
| sol at e T 6oMus kiR litha ARKICEAYBL-DY. AP, LRLALING. L1 | m 50, having a
dielectric constant.” The 10 second device Fayer conprises a vertical |ine
array havi FgTeEHeREP Nitprinns oiskehotiomdudtcs vigt kic nlegricagxenplei fated by 51, in
contact W tf) 8L RNAUCHLL N0k, SRk ' material , exenplified by 52,
having a different work function tﬁgﬁg%g%%gﬁﬁgg?g%ﬁFﬁ%y3“?%ﬁtact di ode, and
i nsul at or s thaviireg 54 viditelcadict fiodes brsbdmt 65 anésce iipt hkizedalliye &4y, an el ectric

field pr OQEMMthefciorlxcmctm%%t se%@cqynéluclﬁggr 1'mze8'85 aaﬁld irlxsiug?ors, 63, is shared

15 Dby the first and second device layers.

The third device layer in Figure 6 comprises a vertical line array having
conducting or semiconducting lines, exernplified by €6, in contact with a conducting
or semiconducting material, exemplified by 67, having a different work Function
than 66 thus forming a contact diode, and insulators having a dielectric constant,

20 exemplified by 69, an electric field programmable film, 68, and a horizontal line
array comprising conducting or semiconducting lines, exemplified by 70 and
insulators having a dielectric constant, exemplified by 71. Portions of the bottom
surface of 68 are electrically coupled to the lines, 56 via the contact diodes formed by
66 and 67. The third device layer in Figure 6 shares the electrodes exemplified by 66

25 with the second device layer via 67. Portions of the top surface of 68 are electrically
coupled to the bottom sides of the lines, 70.

Figure 7 provides, in cutaway, contiguous, 7{a), and exploded, 7(b), views of a
portion of a data storage device in which the memory elements are isolated by

junction diodes. A p-type semiconductor, 72, is used as the substrate, with a vertical



15 array conprising conducting or sem conducting lines, exenplified by 55
and insulators having a dielectric constant, exenplified by 56. Portions
of the bottom surface of 53 are electrically coupled to the lines, 51 via
the contact diodes forned by 51 and 52. Portions of the top surface of 46
are electrically coupled to the lines, 55 The first and second device

|l ayers in Figure 5 are shown aligned with one another 20 but can be offset
to facilitate interconnection. In Frgure 6 is provided a partially expl oded
cutaway view of yet another stacked data storage device conprising a
substrat e, " devi I s.. The first. device |ayer conprises a
verti cal |fﬁé”%?ggﬁ&ggﬁﬁﬁggﬁ%ﬁgﬁ33¥%gy%ﬁ”Z%%ﬁ%°8§8&%??%6 ¥ines, exenplified
by 58, in contaciplifgdty 74 agenaudtmang: foris@bing ewiceandwet i ng materi al ,
exenplified by 59 Vi n ifferent work fynction than 58 thus formng a
contact di ﬁéloeg,\{anélﬁd leir}‘ﬁ%‘ﬁlle% %‘T’”SD’ Fllﬁc\‘?rimnfltjﬁdaD MBI 6Bt ant,  exenplified by
61, an el eckenifitd 817d, Jpd ogrammpbl exfcbddnaBQorands, a7, borizghatal line array
conprising c nduct}? or. sem conducting lines, exenplified by 62 and
insulatd?s‘ﬁ'VfﬁﬁcfE%?EP@ngﬁﬁnﬁﬁh@Fﬁﬁﬁ?n%%bﬁbﬁWﬁ?%%WB?EGBWGPortions of the
bottom 26 rsuf:fia€es bt adkLooRah! disak hhiGaupkad, ki e 11 nes, 58 via the
contact diodes formed by 58 and 59. Portions of the top surface of 60 are
el ect ri cal '§e¥SUpEed "t Bhe HErrdifd-sites of the |ines, 62. The second

device |ayer i mdategdenbrLR0R1 58S F&JQ%O%E@&}}’QQ{H 2 00LAl Fiévjr@sez array 5 as the
first device |ayer, having conducting or sericonducting ' |lines, exenplified

by 62, and"f AEAGREE SPEIM) iR gelogted pis free thejcentigpris it webxahgtiisf i ed by 63, an

el ectri g fi.@hg me RO AITRO L Ll is 6in s AN R t)éc%t%&%' Line array conprising
conducting or~ sem conducting |ines, exenpflfled y 58, In contact wwth a
conduct i ng @immeE Bord(erd g Haserid gltageketpldefiteathelryhss5, havi ng a

i e ent ol NG00 Lhard G, 88,10\ U SQITLGLa, gont act di ode, and

i nsul ators having a dielectric constant,” exe Ied by 69. Portions of
t he bottom sur faeeedpd 6Brefueingbust by dsgrairklyy is bufolraids ¢ mofghrec oxidep sur f aces of

the lines, oﬁgne c!?g{eteiea%esogrm; QQhetcgposﬁlldeLﬁﬁ?el&(ﬂc@éld%goegm%%}er ically coupled
15 film. This can be accompiished 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 other is in direct contact. The oxide coating on the electrode must
20 be sufficiently thin to enable charge injection into the electric feld programmable :
film via tunneling, hot carrier injection or electron hopping. For example, aluminum;
oxide, thicknesses of 0.5 to 3.0 nm are used.
Another method of producing such an asymmetry is by using metals with
differing work functions. The work function is defined as that energy required to
25 remove an electron from the surface of the metal to infinity. While different crystal
faces of metals and other elements exhibit different work functions, the electrodes
used on the electric field programmable films are polycrystalline. Accordingly, the
work function comprises an average of the crystalline forms in conlact with the

electric field programmable film. By way of example, consider an electric field



to the lines, 66 via the contact diodes forned by 65 and 66. The hori zont al
line array, conprising the conducting or sem conducting |ines, 62 and
insulators, 63, is shared 15 by the first and second device | ayers. The
third device layer in Figure 6 conprises a vertical |ine array having
conducting or sem conducting lines, exenplified by 66, in contact with a
conducting or sem conducting material, exenplified by 67, having a
different work function than 66 thas form ng a contact diode, and
insulators having a dielectric constant, 20 exenplified by 69, an electric

field progranpeblev b, c%mmﬂaﬂaammma@&%eedgio Pug B2 conpri si ng

conducting or sem conducting |ines, exenpli and insulators
havi ng a di@eerrils (Sormst eu’vtfke1 és@emlﬂ drftheahdpi 712 ePoiftiiedmsvaaf the bottom

sur f ace Of Q% %&e%n%%&%égoaee r}h{ﬁ UG}E.)' %_guré eiectt hge tP the nle?lGG VI at he cont act

di odes fornme evice S°Hi°Yfire 6 shares the
el ectrodes @N@ﬁ@bhﬁmedubynﬁﬁbaﬁgMmhmMEhﬁnﬁ@ﬁmnﬁodﬁwhaenﬁayer via 67.

Portlons of of 68 are eIe coupled to the bottom
si des of théﬁT$”@?H£§g”mgﬁe ?é“?smVﬁvuﬁgg ””h?% WY ORI guous, 7(a),

and eXplOdEﬁvaiﬂh$yd%%6Mﬁmﬁﬁkﬁmmﬂﬁmhfﬁﬂ‘Qﬁe&hﬂﬁ@&w$k@ﬁ@ﬂe deV|ce in which
the nmenory el enents_are isolate h%qga @unctlon di odes.
0]

seni conduct BFeoAl Py Fy Bafuad T ?Vﬁfé“mﬁffhh§dV@?FﬁdﬁP 27 n+ bit

line array, 5gxarmmmﬂs@dmhyu&a@ncaaﬂlra{lﬁhaew ePindds, ZENEss daped W thin each
bit line, exenplified by 74, a patterned matrix for isolating the electric

field prod#éHﬁHbWQkPFFWF%E@ﬁ%ﬁ??ﬁEVS electric field progranmable film

el ementsp  exenglii b Y /8y pos@@@r&@é@?%ﬁ@év&gs&&\ 86 genducting word |ines,
77, each in contact 5 d??h a row of ectric flg|d programuable film

el enents. THESPRTRREIHHE © ProdugpepriRlicofiupisorgapinegduggs afdior m an array of

i sol ation CBeQﬂ@zSduc‘eMﬂs’ Shcr@iRES dd EedrloYd g0 abgat g o ingarﬁE'@f,Q fits for
r eadi ng, WW|t|ng§ addr essi ng. Addressing an individ % in a
3,

cr oss- poi ntMeRlEdyS &8 4ikand K friherinsigrsios %ﬂnﬁﬁurgkm@qu1res i sol ati on of
the sel ect @dgﬁegzd)am tth@macgyccég@onbgr&@a@&mflmﬁﬁn%&g s 10 along the

sanme word |ine. general this isolation is effecte troduci ng an
15 polymer suLh as poly(3-(2'-methoxy-5'-octylphenyljthiophene) (POMeOPT) ( f‘> 3

€V} In contact on one side with an Al electrode (@ ~ 4.2 eV) and on the other side
with poly(34-ethylenedioxythiophene) doped with poly(4-styrenesulfonate)
(PEDCT - PS5) (b - 5.2 V), which, in turn, is in contact with an aluminum
electrode. In the device POMeQPT is interposed between the electric fisld
20 programmable film and the metal electrede. Aluminum or some other metal having
a similar work function electrode such as copper <110> (0 ~ 4.5 V) is applied to the
oppuosite side of the electric field programmable film. Other organic conductors and
semiconductors that are used in this invention are doped polyaniline, doped
polypyrrole, polythicphene, and polyphenylene vinylene. In addition, one can use
25 indium-tin-oxide (ITQ) to introduce an asymmetry in the “on” and “of” vol tages in
like manner to the above examples.
Still another way to introduce an asymmetry in the “on” and “off” voltages is
to place the device in contact with a serniconducter diode of the kind shown in

Figure 7. Yet another way to isolate the “on” and “off” voltages is to place the



asymmetry in the "on" and "off" threshold voltages for the device where the
magni t udes of the "on" and "off" threshold voltages differ significantly.
One net hod of producing such an asymmetry is by form ng a inorganic oxide
on one of the electrodes prior to the deposition of the electric field
programable 15 film This can be acconplished by allow ng the netal of the
electrode to forma native oxide in air or, nore actively, by oxidizing
the metal electrode in ozone. In thys way, the two el ectrode surfaces are
electrically coupled to the electric field programmable filmin different

ways; one i s elec rlc aC|t|ve coupling while the other
' airecte g st R A SR G e 6 FOGRTRERE 20 bo

suf fi ci ent | yuch Hantht lepaphesehangss Laj-eety ORpidth eetheelgetric field
progrannablg filmvia tunneling, hot carrier injection or electron

hoppi ng. Fof BAHSIFERs ST Gfehtint D8RI as” tififekiredssdy sichohatthe o 3.0 nm are

used. Anot h&é’wcﬁﬁatrhﬁg’b@fpmlaémlﬁﬁig%r@dmeﬁﬁe§§¥mtc§p\én Snd¥ousing metals with
differing work functions. The work function is defined as t hat energy

requiredto 25 PEPRCEOHA R ke iprFniaon! fote bedrrdieien 8ftait ihehenet al  t o
infinity. V%m!)@mgazstafn@rc@% el e Rkiodd @9&&&&&1 \&%&%E%CE%QQ Qésbae el ement s

exhibit differen functions, the el ectrodes used he electric
field progrﬁﬁﬁﬁﬁ“@%ﬁmﬂﬁﬁehﬁéﬂ%@hymﬁvsmaid@m@pmﬂﬁ@emdﬂﬂgly, the work
function COHPS&%@%x average of the crystalline forms in contact with the
electric field proé%%nnable film By way of exanple, consider an electric
field 28 progr@Wﬁ@bﬂeGﬁhkmwwwﬁd@ﬂW@£$mmﬁ$®damvmmmn@&mnme&ﬁ@hrode on one

si de I I | ectrode on the other
(C| i (( IO éﬁozpha% %ggeté’d%g?v%gr éﬁwfglgeggs eiﬂg ]aﬁcﬁsete ler et aef‘ 18%8%“ Hb fromthe

aIun1nun1e|@%ﬁrﬁmémm@mhMEhmmqkehs@h@@tw@dEgmmm@thAﬁmeamﬂmm1nun1e|ectrode

bei ng t he ang, as 5 voltage required to
initiate the gg“wéﬂﬁagﬁg%b%ﬁgnmn i lonmghwﬁanO“ﬁﬁaﬂwFﬂae of the reverse

bi as Vo|tag@nw@gmnmgd ﬂmenwmgsemih@n&@®knn£Maﬁemuﬁmumg¥hh@hkéanS|tion
el ements, wés C{ ctedaﬂ%d%e %cane Qlua%éd V& VY; ecl £rabl, gxhibit vork
functions | 885 tH R, P Bt 895 RAPICFUACEBI 3F° appr oxi mately 5
eV and Aa, fuyitidgtsplufdin wddgirreinek 10 minutes (min) at room temperature, The
solution was then stirred vigorously and 50 ml aqueous solution of NaBH4 {0.76g, 20
equiv) was added over a period of 15 min. The mixture was further stirred at room
temperature for 1 hour (h). The organic phase was then collected, and the gold
nanoparticles were precipitated by adding 400 ml methanol. The black precipitate
20 was separated from the solution. 20 ml tetrahydrofuran was used to dissolve the
black precipitate and another 200 ml methano! to re-precipitate the gold
nanoparticles. This dissolving (in tetrahydrofuran) and precipitating (with
methanal) process was repeated three times to remove the phase-transfer catalyst,
excess thiol, and by-products. The metal nanoparticies were dried in air or in vacuo.
25 Example 2: Gold nanoparticles were prepared by the same process as
Example 1 except that 0.6 ml dodecanethiol was added during the chemical reaction.
Example 3: Gold nanoparticles were prepared by the same process as

Example 1 except that 0.8 ml dodecanethiol was added during the chemical reaction.



Pt exhibit work functionsgreater than 5 eV. 10 Still another way to inpose
asymetry on devices conprising field programmable filns is to introduce
contact di odes using organic conductors and sem conductors. Such di odes
are described in L. S. Roman and O |Ingands, Synthetic Metals, 125,
(2002), 419 and can be further understood by making reference to Figures
2(b) and 5. In brief, these diodes conprise a | ow work function conducting
15 pol yner such as poly(3-(2'-methoxy-5"'-octyl phenyl)thi ophene) (POVEOPT)
(cP - 3 eV) in contact on one side with an Al electrode ((P -4.2 eV) and
on the other si i, £ I 4- di oxyt hi ophene) doped with

pol y(4-styrenes%??g%mg't%5‘?8%(’%&%8@8?&%%%)%&%69-ayrg‘%%g\p/)er,am\)ﬁﬁsc , inturn, is

i n contact amvbiph@a aadsterigrounh mehetdaadeeby 5. B, Kdigel defuliee, SPOVBO?T i s i nterposed
between the el ectri ield 20 progra j | d the netal electrode.

Al uni num orcoé‘ﬂﬁg’ Wﬁ)eFItWF%‘fe’ Ih@\)’?‘%“@gcgzﬁ%gggé?%ﬁmf%@fsi on el ectrode such
as copper <ddien ¢fcher nidatb(0aVy) wa aapalide tiot ididdee sobPPOS&ighesesi de of the
electric_field progranmable film O her organic conductors and

seni condecttﬁ”r“éfﬁ‘P“ﬁ‘ég'“é?‘?eg"ﬁ@se(&gﬁ%w}qt%"}sa”F AVERL eI ar ©° Hbped ol yani | i ne, doped
pol ypyr r ol ez RelIpidnaphenguenanehupelasphenw: enecaMitRYl BB8idekn addi tion, one
can use 25 indiumtin-oxide (I TO to introduce an asymetry in the "on" and

"of f" vol t &S A TREIFARTBI PO WEHETSh GV E B ARP &t a8y anot her way to

i ntroduce apnasysMEBLEY bhbryhe. (005 NAMd) so@fibn w¥QLiAAES WS ovi0 Pl ace the
device in contact with a sem conductor di ode of the Kind shown in Figure

7. Yet anotX&rnyiepy Teoreicse] Jieus W st fogddomppefore gl t ages is to place the

29_ deViI@:e dr&nﬁ%}r@ﬁécf .sﬁﬁxlich%mé %; COMCREQ: QOOfnid%lengﬁ fN§§atddé§19!0"%é _On transi _St or.
This can be effecte such that the field programmable filmis electrically

coupl ed t o THEicPbese derTeiPiplidhe sy rmopirtiittand hasivpstprragicicher via a net al

"plug” el ectL 008 0f vwilh KeGLdoVired UGH:. AL tNEnopd8MECS S AN4QD! Y be probed or
programmed when the gate In an "open” condition. 5 Sone enbodi nents of the

i nventi on warurhaw siseeddesispieh etindsphectet aydid axplatidney of ikt pwirng Exanpl es. In
the formulationg, X3R! 8% Bhdm WELGRELGEE BRLR4RES RAREDre® P
15 and the thickness of 50 nm were deposiled on glass substrates by thermal
evaporation. The electric field programmable film was formed by spin-coating 1,2-
dichlorobenzene (DCB) solution of 1.2 % polystyrene (PS) (as matrix), 0.4 %
dodecanethiol-protected Au nanoparticles {Au NF by Example 1) and 0.4 % 8-
hydroxyquinoline (8HQ) (as electron acceptor), The film was then baked at 80°C for
20 30 minutes. The device was completed by thermally depositing the top Al electrodes
of 50 nm thickness and 0.2 mm width at a vacuum of 1X10% Torr. The junction area
of the top and bottom electrodes was 0.2 X 0.2 mm?. Such devices are represented by
the nomendlature “AYPS+Au NP+8HQ/AL”. The T-V curve was tested in air using an
HP 41558 semiconductor parameter analyzer. The device exhibited very low current
25 (1.7 nano ampere {nA) at 1.5V) during the first scan below the electrical “on”
threshold. A transition took place at approximately 3V. The current jumped more
than three orders of magnitude. The device was stable at the high conductivity state
(curve b) with a current of 2.2 microamperes (UA) at 1.5V ("on” state), The device

was returned to the OFF state by applying a negative voltage (-2.5V). It was



the total weight of the electric field programmable film conposition unless
ot herwi se expressed. Exanple 1: Gold nanoparticles were synthesized at room
tenperature using a 10 two-phase arrested growth nethod detailed by M J.
Hostetler, et. al., Langnuir, 14 (1998) 17). 50 mlliliter (m) aqueous
solution of 0.62 granms (g) HAuCl4.3H20 (2 equiv) was added into 80 ml

tol uene solution of 3.0y of tetraoctylamonium bromde (5 equiv). The

m xture was vigorously stirred for 31 hour. The organi c phase was collected
and 0.4 m dodecanethiol was added to the reaction m xture. The 15

resul ting Selullan 89 S L8O 1O BIULESLLSI 2, Ji00m L enper ature.
The solution was then stirred vi gorously an aqueous sol ution of
NaBH4 (0. 7@yve 2fpbroguelv) V. idsca the éeliewes stablgpebotoche N b8 OFF n. The m xture was

further stirred at room erature for 1 hour (h). The organi c phase was
t hen col | e8Fgﬁ?ndé%betsﬁgdﬁéE%Eeeﬁ‘glﬁ%eptgf’ tstiatc?fléyssWé?(é‘gPﬁ%:@ﬁleﬁti”fait ed by addi ng 400
m et hanolwias. The bl ack precipitate 20 was separated fromthe solution. 20
m tetrahydrof uran s used to dissolve the black precipitate and anot her
200 m et ﬁéﬁ%ﬁlestf*&&\r%?ﬁF‘éiﬂfmeﬁ‘%‘i‘Pé‘f R&° YIF BOIHEASPAPLrEI ¥8 ¥ Thi s di ssol vi ng
(i n tetrahygihefidbanplc anth pEREhhd@lalsAg-t WedBde, FRERAAMOrREOCESS Was
repeated three tinmes to renove the phase-transfer catalyst, excess thiol,
and by- pr odbdtlectromirgepat dhe spirisp BF the epede Rk reogimae’s mai r or in vacuo. 25
Exampl e 2: Gokgkdna rher,Gl4@5naNB S LR8P 8k adiebYorlR@pS AN 2pr 0Ocess as  Exanpl e
1 except that 0.6 m™ dodecanet hiol was added during the chem cal reaction.
Exanpl e 3: d@blogrbrrasmsparahatrad apbick ipd eparedchiprakersmrelisprotess as Exanpl e
I excepiothﬁgsm@&\gnﬁam@%@%me{m%ﬂw@sﬁoa@dsi@gegwhgcn%em@ cheni cal reaction.
30 Exanmple 4: Silver nanoparticles were synthesized at roomtenperature
usi ng a twoeptiesdakayHestietnglowehhoretrtrodn detey iredighyroBuctity Kor gel ,  S.
Fullam S. . (onagldiVepand D Fitzmaurice, J. Phys. Chem B, 102 (1998)
8379. 30 m aqueous ‘solution of silver nitrate (0.31 g) was added into 140
m toluene solution of phase 5 transfer catalyst (3.2 granms (C8H17)4NBr)
and stirred vigorously for 1 hour. The



organi ¢ phase was subsequently collected and 0.4 nl dodecanet hi ol was
added.. After the dodecanethiol/Ag+ solution was stirred for 15 mn, 90 nl
of an aqueous solution of sodi um borohydride (0.85g NaBH4) sol ution was
added dropwi se over 20 mnutes. The reaction mxture was stirred for 12
hours before the 10 organi c/ nanocrystal-rich phase was collected. 400 m

nmet hanol was added into the organic phase to precipitate the silver
nanoparticles and the silver nanopa¥ticles were washed with methanol three
times. The silver nanoparticles were dried in vacuum and stored in
nitrogen atmpsphere to avoid oxidation by oxygen in air. Exanple 5: The
bottom Al electrodes . with the width of. Q.2 .mllinmeter (nmyy 15 and the

t hi ckness of 5Bemmener e dbposﬁ'ed on gl as$ substrate% by ther nal
evaporation. tectrrcr et g—programmeptefiim formed by

sSpi n-coati ng .ngdmag% obenz@ne (DCB) s%)il ution o:‘A@?L. 2 _%!pol ystyrene (PS)
(as matrix), OyvAtSo dodecanet hisol -pr ot ect®d Au nanop’érti cI es (Au NP by
Exanpl e 1) angd—6—+4-9%8 pohi-re—(-8HQ—(ras—etle acceptor). The
filmwas then|BaREE S 80% %5%’;‘193‘?) %Xérf‘pg:g The ST vas conpl et ed by
thermal |y deposittiongckhter t op dhgel ectrodeISQ of| §-dikemtthijckness and 0.2 nm
width at a va¢uum of 1X10!'5 Torr. The junction |area of the top and bottom
el ectrodes was 0.2 X 0.2 nmi. Such devices are |refi'@é&hted by the

nonmencl at ure TALRSFAU NPHSHQ A ™. The I-M curvie wassitested in air using an
HP 4155B sem canduct.or_paraneter analyzer. .The ldevi.ce exhilbited very | ow
current 25 (1.,7=fano arrpere () at [’ 5V)#duri ng t héXfirst| scan bel ow t he
electrical "o Iu“@;B\g%jg}g)l - AjLgansition [ poK place @@ approxi mately 3V.
The current junp gi nor.e han three orders_of _nmgnitude. The device was
stable at thehrghv2&ofrduct i viBydktate (EUive b) “witf8a current of 2.2

m cr oanper es (FA—at—i—5vV{(on"—state)—The device—was returned to the OFF
state by applying a negative voltage (-2.5V). It was 31 determ ned that

t he devi ce coul drabet3urn to the "ON" state agal n under p05| tive bias above

approxi mately °V. 'rlcm,t:, the—device—was—stabte—t+nboth—the; ON and OFF
states and can ’Ef’énps% tched between these two states by sinply applying
el ectri cal Electrode 1 Al Al Al
Matrix PS5 PS PS
Nanoparticles Example 2 Exarnple 2 Example 2
Electron acceptor Pentafluoro- 29H,31H- Copper {II)
aniline phthalocyanine | phthalocyanine
| Electrode 2 Al Al Al A
L Va {V)} 69 4.6 5.3 !
Tosr @172 Vi (NA) 0.7 1.1 1.6
Ton @1/2 Vin (nA) 1,075 1,728 2,334




bias. 5 Exanples 6-13: The devices in exanple 6 to 13 were fabricated by a
process simlar to that in exanple 5 with different materials as the

el ectrode, matrix, nanouarticles and electron acceptors. The solution for
the electric field programmable film contained 1.2 % polymer, 0.4 %
nanoparticle and 0.4 % el ectron acceptor in 1,2- dichlorobenzene. The

mat eri als and sel ected performance paraneters were listed in 10 the
followng Tables 2, 3 and 4. (Vth: the threshold voltage at which the "on"
transition takes place, IOFF and ION are the currents in the | ow and high
conductivity stgxtgs4 respectively). 32 Table 2 Exanple 6 7 ;8. Electrode
| Al Al Matrix PS®PS*PS Nanoparticles Exanple 4 Exanple 3 Exanple 2

El ectron acceptor 8HQ@HQ 9, 10-di nethayl - anthragene El ectrode 2 Al Al Al
W (V) 3.0 2.7 6. 1—um@/2 Vin (nA) 1.73 0.4 0.5 _llon @/2 Va (nA) 23,230
1,000 1,728 Table|Betedibl e 9 110 114! El edtrode’!l Al JA Al Matrix PS PS PS
Nanoparticl es Exanpl €2 EXanpl'é€ 2 Exgnpte |2 Bge{Ton acceptor Pentafl uoro-
29H, 31H Copper ([l)_aniline phthal ocyanine phthal ocyanine Electrode 2 Al
Al Al Nanoparticie Example 1 Example 4

Electren acceptor BHQ BHQ

Electrode 2 Al Al

Va (V) 2.4 18

lorr @1/2 Vin (A) 0.3 0.08

[on @1/2 Vi (RA) 2,800 26,850

Example 14: Substrates comprising indium tin oxide (ITO) on glass were
patterned lithographically. The width of the patterned ITO electrodes was 0.2 mm.

5  The electric field programmable film is formed by spin-coating 1,2-dichiorobenzene
solution containing 1.6% PS, 0.6% 8HQ and 0.45% Au NPs {from Example 2) on
patterned ITO on glass substrates. The films were baked at 80°C for 30 minutes. The
top Al electrodes of 0.2 mm width were deposited at a vacuum of 10 Torr.

Electrical bistable behavior was obtained with a threshold voltage at 2.0 V, an OFF
10 current of 55nA at 1.0 V and an ON current of 3,900 nanoamperes (nA) at 1.0V.
Exampies 15-21: Devices in Exarnples 15-21 were fabricated by the same '
process as Example 3. The results are shown in Table 5. The substrate is glass, the !
top and bottom electrodes were manufactured from Al having a 0.2 mm width. The
solution for the electric field programmable film was 1.2% PS, Au NP {from Example

15 1) of various concentrations and 8%IQ} of various concentrations.



Vth (V) 6.9 4.6 5.3 TOFF <@/2 V,h (nA) 0.7 1.1 1.6 1lon @/2 Vm (nA)
1,075 1,728 2,334 5 33 Table 4 Exanple 12 13 Electrode 1 Al Al Matrix
PMVA PMVA Nanoparticlc Exanple 1 Exanple 4 Electron acceptor 8HQ 8HQ
El ectrode 2 Al Al Vn, (V) 2.4 1.8 I0oFF 01/2 Vm (nA) 0.3 0.08 1lov @/2 Vth
(nA) 2,800 26,850 Exanple 14: Substrates conprising indiumtin oxide (I1TO
on glass were patterned lithographically. The width of the patterned ITO
el ectrodes was 0.2 nm 5 The electyic field programmable filmis fornmed by
spi n-coating 1, 2-di chl orobenzene solution containing 1.6%PS, 0.6% 8HQ and
0.45% Au NPs (from Exanple 2) on patterned |1 TO on glass substrates. The
films were baké#iat 80C for 30 minutes. The top Al electrodes of 0.2 mMm
wi dt h were [[Ied at—a vacu o PPNNIE 0 actrital~hi st abl e behavi or
was obt ai nedﬁ%ﬂga t hreshol d :/ig]l alée a? 2 %Ep .gan ICZJ(SZF %Cl) turrent of 55 nA
at 1.0 V and @Gncetiittouef 2ol of | 3¢1900- Inanbanpér esi.§ nA)J.Sa[t 0B. OV. Exanples
15-21: Devic §)in Exanpl es 15-21 were|fabnicatied by the same process as
Exanple 5. The€ results are shown [ n Table!5. The substratelis glass, the
top and bot tiamheheaichedas) wer e cranufiactay edo.f rijamzAl okaviiregia 0.2 mm wi dt h.
The sol uti on—fer—the—eleetr Held—prograprmableHlmwasi1. 2% PS, Au NP
I ch?f vari ous
22

ld _Hhr ey

£ £ 11
(from Exanple’*1®) 1) of vari ous 3¢ondent rations |and 8F?
concentrati ONgs@i/2 Vn (nA) 046 | 036 | 046 | 055 | 86 | 0.46

lon @1/2 Vs (nA) 6,700 | 5,200 | 3,600 | 2,000 | 820 | 4,500 | 4,200

Example 22: Devices were fabricated by the same process as in Example 5.
The formulation for producing the electric field programmable film contained 1.2 %
5 PSand 0.4 % 8HQ in 1,2-dichlorobenzene without Au NP. An electrical transition
takes place at 2.1V, The current is (.68 and 8,300 nA at 1.0V in the OFF and ON
states, respectively. The device in the ON state could not be tumed to the OFF state
by applying a negative bias
Example 23: An -V curve of the device of example 5 was tested under a

10 vacuum of 10? Torr. The OFF current at half threshold voltage was 3.5 X 10 nA, the
ON current at half threshold voltage was 3.5 X 1P nA,

Example 24: The I-V curve of the device of example 5 was tested in nitrogen
almosphere (giove box filled with nitrogen). The OFF current at haif threshold was
0.1 nA, and the ON current at half threshold was 1,000 nA.

15 Example 25: The device of Exampie 13 was operated by the following
procedures. (1) A pulse of 0.9 V was applied to the device at the OFF state to obtaina
current of 0.1 nA (this can be defined as “off”); (2} A pulse of 2.2 V with a pulse
width of 1 us was applied ; (3) A pulse of 0.9V was applied te the device obtaining a
current of 2,700 nA (this can be defined as “on”); (3) A pulse of -0.8 V with a pulse

20 width of 1 us was applied to the device; (5) A pulse of 0.9V was applied to obtain a
current of 0.1 nA (“off”).



34 Table 5 Exanple 15 1 16 17 18 19 20 21 Concentration of Au NP 0.01 0.1
0.510.30.30.3 (% Concentration of 8HQ (% 0.4 0.4 0.4 0.4 J 0.12 0.6
1.2 Vm(V) 3.1 2.52.52.432.52.6 I|oFF @/2 Vm(nA) 0.46 0.36 0.46

0.55 8.6 0.46 22 I1oN @/2 Vti,(nA) 6,700 5,200 3,600 2,000 820 4,500 4, 200
Exanpl e 22: Devices were fabricated by the sane process as in Exanple 5.
The formul ation for producing the electric field programable film
contained 1.2 % 5 PS and 0.4 %8Han 1, 2-di chl orobenzene w t hout An NP.
An el ectrical transition takes pl ac& at 2.1V. The current is 0.68 and 8, 300
nA at 1.OVin the OFF and ON states, respectively. The device in the ON
state coul d not Bs@piedp ngd dedcetohexa@F R Ssteabreraidsyacapidigyid g a negati ve bi as
Exanpl e 23: 1= I f i,ce of. exanpl.e.5 s, tested under a 10
vacuum of 1%31%%“4?%%4? %Hgl'rﬁ% (%éxFﬁdgsgro E:gdrlﬁt/ Wastapﬁ%ﬁ%éo {g‘Erd Eévécﬁ%%@e \?%I tage was 3.5 X
10-3 11A, ttae ar@N couemt effts et whabhinth i@ shalsdonsolvtaige: pm@s wdiborX 103 nA.

Exanpl e 24: - V. curve of t evice of exanple 5 was tested in nitrogen
at mospher e %{lgvé‘pf%)%)(ﬁ}ﬁalpége (\)/\fnqt%ﬁ/d‘ﬁ SFPR lﬁgf‘f)@ ‘%hlée EE “¢iRFEnt at hal f
t hr eshol @ wWeB0 nd wks sidginegrithistchebe@ieuES ‘@AT); @A ats of-hs eshehd was 1, 000 nA

15 Exanple 25: T evi ce of npl e 13 was operated by the follow ng
procedlrjnr)es.P“?T)Wlngﬁu *?évaéfppél?ggé%%dééw%ﬁbﬁ? BY=rb® § heatieviiedéc at the OFF state
t o obtai n ahe gartice @ntbiaofa DrrdntRMH (ADi“srgan be defined as "off"); (2) A pul se
of 2.5 Vwth ul s width of 1 s was applied ; (3) A pulse of 0.9 V was
applied to thea%’gW?’lég7:d‘})¥Di‘ia$ﬁ Bige 8° 2 C o Bt idst of20 roers amelict itss can be defi ned
as "on"); (c&)zic&o@bﬂaﬁxﬁle@ﬁn t‘h@‘-‘cﬁf"\ﬁawM&r@ppwgﬁﬁe@@e%mebic@ttm%d s was appl i ed
to the dgvi ce, (5) A pulse of 0.9V was applied to obtain a current of 0.1
nA ("Offl )_t e “on” sfate.

Example 28: Al electrodes were formed on a glass substrate by thermal
evaporation as before. A PEDOT - 'S5 (available from Bayer) coating of about 30 nm
was then spin coated on Al/glass. The electric field programmable film was formed
by spin-coating a solution of 1,2-dichlorobenzene of 1.2% PS, 0.4 % Au NPs (from

15 Examnple 2) and 0.4% 8HQ. A top Al electrode was then formed by thermal
evaporation. The device had stability at the ON and OFF state and the I-V curve was
unsymrnetrical in the positive and negative bias.

In Figure 8 are provided plots of current vs. applied voltage for the device of
Figure 1(b), wherein an electric field programmable film of approximately 100 nm

20 thickness was spin-cast from a solution comprising 0.4 wit% gold nanoparticle
electron donor, 0.4 wt% 9.10-dimethylanthracene electron acceptor, 1.2 wt% '
polystyrene matrix material and 98 wt% 1,2-dichlorcbenzene solvent, wherein the
weight percents were based on the total weight of the electric field programmable
film composition. After coating, the film and substrate were baked at 80°C for 30

25 minutes on a hotplate. The first and second electrodes contained evaporated
aluminum cross point electrodes having a width of 0.2 mm, configured so that the
electric field programmabile film was positioned between the electrodes. The
prograrnmed voltage source and current measurements were provided by an

Agilent 4145B semiconductor parameter tester. A first forward voltage scan, 78,



35 Exanple 26: The device of Exanple 8 was operated according to the
follow ng procedures. (1) A pulse of 3.0 V was applied to the device at the
"off" state and a current of 0.5 nA was obtained; (2) A pulse of 6.5V
with a pulse width of 1 us was applied; (3) Al pulse of 3.0 V was applied
to the device and a current of 5 1,730 nA was obtained (this can be defined
as "on"); (3) Aa pulse of -4.0 Vwith a pulse width of 1 ps was applied to
t he device; (5) As pulse of 3.0.V W%s applied to the device to obtain a
current of 0.5 nA ("of""). Exanple 27: A voltage pulse of 5 Vwith the
width of 50 ns was applied to the devices of exanple 7 in the "off" state.
After appl YIAY £ B Yis pEErmdhBdgeiye a & tisadrapdtionfom ‘RE" o5A"" st ate. Exanpl e
28: Al el egt gp%;lﬁsmaw@wox bR0hd0R1A - HaBBSmBUPSE, FALE, Y 2 t}hg}ﬁfmi' evapor ation
as before. PSS (avai | abl’e from Bayer) ‘coating of about 30 nm was
then spin coateerdhonpgP tess V. Thstereetty thelovicelret prrdgemnmabl e il m was
formed by It n of 1.2% PS, 0.4 %
Au NPs (frooﬁqg%li‘ga%xqg& r@‘go@)p&ggg EMHP‘ gfthujd V%&m%QJJIL%i;é?g%e%tg:lf‘lg)dae was t hen forned
by therﬁhlsm@vﬁp@maﬁF@ﬂHMWh@Hdevﬂ@emhad @t@bwi%@ymamw@heVCN and OFF state
and the I-V curve was wunsymmetrical in the positive and negative bias. In
Figure 8 are provided plots of current vs. applied voltage for the device
of Figure 1(b), wherein an electric field programmable film of

approxi mately 100 nm 20 thickness was spin-cast froma solution conprising
0.4 wt/,, gold nanoparticle electron donor, 0.4 wt% 9, 10-di net hyl ant hr acene
el ectron acceptor, 1.2 wt% polystyrene matrix material and 98 w %

1, 2-di chl orobenzene sol vent, wherein the weight percents were based on the
total weight of the electric field progranmable filmconposition. After
coating, the filmand substrate were baked at 80C for 30 25 minutes on a
hot pl ate. The first and second el ectrodes contai ned evaporated al um num
cross point electrodes having a width of 0.2 mm configured so that the
electric field programmable filmwas positioned between the el ectrodes. The



programed vol tage source and current neasurenents were provided by an
Agi | ent 4145B sem conductor paraneter tester. A first forward voltage scan
78, 36 fromO to 8 V was perfornmed, indicating a first current transition
from"off" to "on" at approximately 6.2 V. A second voltage scan fromO to
8 V, 79, showed a "high" current condition fromO to 6.2 V, in distinction
to the low current condition observed in the previous plot, 78. During a
third voltage scan fromO to -4 V, 80, a 5 second current transition was
i nduced from™"on" to "off" at apprOX|nater -3V. 37 Wclaim 1. A
conposition for the formation of an electric field programmable film the
conpositioH“EﬁWﬁTising a matri x precursor conposition or a dielectric
matrix material, wherein the dielectric matrix nmaterial conprises an
organi ¢ polyner and/or a inorganic oxide; and an electron donor and an
el ectron acceptor éﬂﬂﬁpﬁyﬁéﬁaﬁﬁfWﬁmeHéﬁanvmﬁéﬁpegrmvemtﬁkmrOV|de el ectric
field proguanphpGiiodecombBingOMPosi tion of Caim1l, wherein the matrix
precursor composition “conprises styrene, 4-hydroxystyrene, C, - Go linear,
branched or cy@hﬁém@hky$mfﬂbwmﬂﬁmE)ddﬁ@amnwbmammﬁ@uwh@anayclic al koxy, Ce -
Go aryl or ,arabkyl i 58 @9 | oXy .0 k Hbstltuted styrene,

dielectric nakri e €Q : "
vinyl “acetate, Vvinyl icohl?pwfan ‘ac yWHﬁFF%?T‘M”g tfifacrylic acid, G
- Coo lineand branched or cycllc aIkyI or Co - Cmaryl or aral kyl
(meth)acrylate esters, G - emam ear . rapched or cyclic alkyl or Co - Coo
aryl or aral k§T o cyAnoAcT Y1 4t & df &rePor@he TPl A or anched, or cyclic
al koxy, CEemx&ntapmhdedanymahkwmgmﬁﬁygoxy or arylal kyl oxy dlalcohols; a -
Go linear, branched, cyclic al koxy, Co - Go aryl, arylalkyl, aryloxy or
aryl al kyl oxy diacids, G- Coo linear, branched, or cyclic al koxy; Co - o
aryl, aryl al kyk, anyhﬁmymmmnanmhﬁ+kwh@&y&ﬂhﬁh&@h@uémxﬁ%.m&%& l'i near,
br anched, onnr %S ene@ﬁ XY, t Clg arylE aryl al kyl , gloxy or
aryl al kyI oUFP , &-hydrokys yrene w lingar, branched or cyélic alkyl

Cw linear, branched, or cyclic alkoxy, Cs ~ Cw aryl or aralkyl, or Ce - Cio aryloxy or

aralkyloxy substituted styrene, vinyl acetate, vinyl aicohol, (meth)acrylonitrite,

(methjacrylic acid, G ~ Cre linear, branched or eyclic alkyl or Co - Cie aryl or aralkyl

(methjacrylate esters, C1 ~ Cio linear, branched or cyclic alkyl or Cs — Cio aryl or

aralkyl cyanoacrylate esters, Ci — Cio linear, branched, or cyclic alkoxy, Ce - Cu atyl,

arylalkyl, aryloxy or arylalkyloxy dialcohols; Ci ~ Cio linear, branched, cyclic alkoxy,

Cs ~ Cw aryl, arylalkyl, aryloxy or arylalkyloxy diacids, Ci - Cio linear, branched, or

cyclic alkoxy; Ci - Cio aryl, arylalkyl, aryloxy or arylalkyloxy dialcohots; Ci ~ Cro

linear, branched, or cyclic alkexy, Cs -~ Cie aryl, arylalkyl, aryloxy or arylalkyloxy

diacids, Ci - Cuw linear, branched, or cyclic atkoxy, Cs = Cio aryl, aryialkyl, aryloxy or

arylalkyloxy diamines, polymerizable aligomers comprising at least one of the

foregoing monomers, polymerizable polymers comprising at least one of the

foregoing monomers, or a combination comprising at least one of the foregoing

monomers, oligomers, or polymers, and further wherein polymerization of the

matrix precursor composition provides a dielectric matrix material.



diacids, Co - Coo linear, branched, or cyclic al koxy, Co - Go aryl,
aryl al kyl, aryloxy or arylal kyl oxy di am nes, polynerizable oligoners
conprising at |east one of the foregoing nonomers, polynerizable polyners
conprising at |east one of the foregoing nononers, or a conbination
conprising at |east one of the foregoing nononers, oligoners, or polyners,
and further wherein polynerization of the matrix precursor conposition
provides a dielectric matrix materigl. 38 3. The conposition of aiml or
2 wherein the dielectric matrix material is a honmopol ynmer or copol yner and
has a diel ectri,c canstant .of ater than 2. 4. The conposition of Claim1l
or 2 wherein the dieFSEFPF%mH%§§¥&F%&fgfﬁﬁwhe?gmgmﬁﬁﬁﬁgEFVﬁér or copol ymer
and has a dielogepsliBeonpbibr M hd atdkl@OQ corbantbhgeg@npasi tion of Caim 1,
wherein the organic polyner is a polyolefins, poly(nmeth)acryl ates,
pol yesters, pol yam des, novol acs, pol ysiloxanes, polycarbonates,
pol yi m des, polsyacehatsposifasd of alakky 082 ety dabdmdes:x mNolyaryl at es,
pol yur et hanes, pol.yaryl sul f one, Polyethersulfone, pol yphenyl ene sul fide,
pol yvi nyl d&h BFoRdY™FEr fealemed hysl YR rmirde! 2 poPyt et r af | uor oet hyl ene,
pol ychl orotri fl uoroet hyl ene, polyvinylidene fluoride, polyvinyl fluoride,
pol yet her ket one, pol yet her et herketone, polyether ketone ketone or a
conbi nati on cénpr iTSF FRIPAREIEINA Sinph evherintthre g Bic@ggineigs or gani ¢ pol yners. 6.
The conposit.i. o Qf ' Jo {2, ot (N3 | j S a comnposition
of the T or il 2 ANED CyBt oD BS L R ROt 300 M8 oh5 G 2T to 60:
A is cal ci wmycastangint pelmidss: pblardetatys. PBYdisydslrolyamidkimidzi.r coni um  ni ckel or
| ead, and i i i UL 0 QR i i i .or tantal um and
wherei n st fgﬁy%ﬁ%?@§ Ofaﬁ%ggbﬁgkggﬁﬁgﬂggﬁéé@ﬂﬁgbg ﬁ%?%gfned to give.
appr oxi mat euéhaprgevingd gtlezde) pojysulipne, Phigetbampds peliterefiofro@ddnm 1, wherein the
el ectron a d - r I i [ | azi ne,

ﬁ:@ﬁ%&gtrmﬁo@emﬁ%@ BNV G, gg&% R 2AL

9, 10- di net ant hr acene, or oani
polyvetherketone, palyether etherketune, pelyether ketone ketone or a combination

comprising at least one of the forcgoing organic polymers.

6. The composition of Clairn 1, wherein the inorganic oxide is a
composition of the formula
AwBCy0n
where w, x, and y are G to 30, and z is 1 te 60; A is calcium, strontium, or bariurm, B is
bismuth, zirconium, nickel or lead, and C is titanium, niobium zirconium vanadium,
ot tantalum and wherein stoichiometry of the inorganic oxides is constrained to give.

approximate charge neutrality.

7. The composition of Claim 1, wherein the electron acceptor is 8-
hydroxyquinoline, phenothiazine, 9,10-dimethylanthracene, pentafiuoroaniline,
phthalocyanine, perfluorophthalicyanine, tetraphenylporphine, copper
phthalocyanine, copper perfluorophthalocyanine, copper tetraphenylporphine, 2-(%-
dicyanomethylene-spiro[5.5]undec-3-ylidene)-malononitrile, 4-phenylazo-benzene-

1,3-diol, 4-(pyridin-2-ylazo)-benzene-1,3-diol, benzofl,2,5]thiadiazole-4,7-



pht hal ocyani ne, perfl uorophthalicyani ne, tetraphenyl poi phine, copper

pht hal ocyani ne, copper

per f 1 uor opht hal ocyani ne, coppert et raphenyl por phi ne, 2- (9-

di cyanonet hyl ene-spi ro[ 5. 5] undec- 3-yl i dene) - mal ononi tril e,

4- phenyl azo- benzene- 1, 3-diol, 4-(pyridin-2-ylazo)-benzene-1, 3-diol,

benzo[ 1, 2,5]thi adi azole-4,7 39 dicarbonitrile, tetracyanoqui nodi nethane,
qui nol i ne, chl orpromazi ne, tetraphgnyl porphine, or a conbination
conprising at |east one of the foregoing electron acceptors. 8. The
conposition. of Claim1l, wherein the e[eptron donor is an organic electron
donor or aﬁm?ﬁ8W5§hFE“@W&@FWﬁﬁmﬁBﬁﬁr%mﬁ?m?ﬁﬁ”@BWﬁﬁ§ition of Caims8,

wher ei n t heet@hHanip6rpehe 6t § AMbUAARAT Smdfifng 4 Rid &lhi At Fblréé%ﬁne,

4, 4", 5-trinethyltetrathiafutval ene,

bi s( et hyl erf6aFt Gy P8t rat hi afti | val ene, p- phenyl enedi ani ne,

N- et hyl car bazol e, tetrathiotetracene, hexanethyl benzene,

tetranmet hyl tetrasel enof ul val ene, or hex ane thyl enetetrasel enofuly al ene.
10. The conposi® i orf"®foREP&iitH B Clajgh é réveiinthrelicuardgarricanetmeicr on donor

conpri ses netal -hali.dg sakls. Hethgacetyl acetonate conpl exes of transition
netals that are reduced by K BEthH or NR4' BEhH and stabilized using
tetrahydrofuran, tetrahydrothiophene, quaternary amoni um salts or betaine
surfactants. 1. T i ti-en. i ),..Qr t.0, wherein the

el ectron donor%hashge&%gggg%%#ggugédg%?gq%?ﬁyﬁgFggﬁFgogI%TT. 12. The
conposi t i oretofthidhiadlae B 4.F-uinteheltetogngiriivdirag donor - accept or  conpl exes,
wherein the, r- accept.ar | exes are tetr iaful val ene -

Lot acyanodirad e REnLy EOMRL R ARl FLE R Do e

t et r acyanoquiaiodetrrethanemethetvrzsel enafailyhalkedeotultaktd, acyanoqui nodi met hane;
hexanet hyl enet et.r asel. enaf al ene - tetracyanoqui nodi net hane;

nmet hyl car b3‘5%Tneghy?ege??tgéeﬁegﬁéggvﬁﬂle?lcodi nmet hane; tetra mnethyl
tetrasel enof ul val ene - tetracyanoqui nodi met hane; mnetal nanoparticl e-

r noqui nagdi net hane .. _
tetracyanoqu qg e ca('}m%osztlon of Claim 8, wherein the inotganic electron donor
comprises metal-halide salts or the acetylacetonate complexes of transition metals

that are reduced by K* BEaH or NR4* BEGH: and stabilized using tetrahydrofuran,

tetrahydrothiophene, quaternary ammonium salts or betaine surfactants.

11. The composition of Claims 8, 9, or 10, wherein the electron donor has a

protective organic or inorganic sheil.

12. The composition of Claim 1, further comprising donor-acceptor
complexes, wherein the donor-acceptor complexes are tetrathiafulvalene -
tetracyanoquinodimethane; hexamethylenetetrathiafulvalene -
tetracyanoguinodimethane; tetrasclenafulvalene - tetracyanoquinodimethane;
hexamethylenetetraselenafulvalene - tetracyanoquinodimethare; methylcarbazole-
telracyanoquinodimethane; tetramethyltetraselenofulvalene -
tetracyanoquinodimethane; metal nanoparticle- tetracyanoquinodimethane

complexes comprising gold, copper, silver or iron, ferrocene-



conpl exes conprising gold, copper, silver or iron, ferrocene 40

t et racyanoqui nodi net hane conpl exes; tetrathiotetracene, tetranethyl-p-
phenyl enedi am ne, or hexanet hyl benzene - tetra cyanoqui nodi et hane

conpl exes; tetrathiaful val ene, hexanet hyl enet etrat hi af ul val ene,
tetrasel enaf ul val ene, hexanet hyl enet etrasel enaf ul val ene, or

tetranet hyl tetrasel enof ul val ene - N al kyl carbazole(C -Gn, linear or
branched) conpl exes; tetrathiotetragene, tetranethyl-p-phenylenediam ne,
or hexamet hyl benzene - Buckm nsterful |l erene Cso conpl exes;
tetrat hi af ul val ene, hexamnet hyl netetrathlafulvaleqP t etrasel enaf ul val ene,

hexamet hy| eHEFETPHESFETEIAE CAPERE: B3RP F SHETh TS 5R el enof ul val ene -

N-al kyl car bazQh@tdhmine, GPhexhih I Aen Rhe DeRACHOE)nodGOMRheN@Plexes;
tetrathi otetracene, tetranethyl-p-phenyl enedi am ne, or

hexanet hy| Bereiselytlerer begamaters EE L sABIe X BEe R0 =i af ul val ene,

hexamet hyl anet ety at hkafuluahensg. of etiasehenafiubvakene. nhex anet hyl enete
trasel enaf ul val ene, or tetranethyltetrasel enoful val ene - N

al kyl car bazech‘tyéfé@lzole (@16, Ineneabraphed) canghied Jeie 69l exRes; tetrat hi ot et racene,
tetranet hyl 0k %;%p @?ﬂh&ﬁ%&% orbx R ?IE@&QMJ %@a&m@rmnege% tacyanoet hyl ene

conpl exes; ene, hexane | enet et rat hi af ul val ene,

tetrasel enaafouiplﬁaelseetes,tinkfebvacretHvydrwﬁe'teettrftaélfehfehéﬁul val ene, or
tetrarrethyltetras ohdval en carbhazol e(C, - Go, linear or

br anched) 6ar'?’3plf’}§‘xévap “fe Xraaewlg?egtt?%%g%ﬁél gt gt r amet hyl - o- phenyl enedi ani ne,
hexanet hyl benzefeitezasperohllet-an N-alsgrpbexes; - G isgacambrdati on conpri si ng at

| east one of the for egoin onor -.a |.exes. 13. The conposition
of laim1l cofri}igi“ﬁetFtrco?rtﬁtrrl Esl}eﬂ rag‘eéhvfelgn?ny{em%fnp&n electric field

progr anmabl iexfrhdumiteanpe- tese@anoaerdcrelcacp%mee: tmthidtvatmat, eri al , wherein the

dielectric mat rétg( it tegg Juivai ¥ tegmbe enahﬁmlemganl c pol yner and/ or a inorganic
oxi de; an el aETFONTEER

on
hexamethylenetetraselenafulvalene, or tetramethyltetraselenchulvaiene - N-
alkylcarbazole(Ci ~ Cu, linear or branched) complexes; tetrathiotetracene,
tetramethyl-p-phenylenediamine, or hexamethylbenzene - tetracyanoethylene
complexes; tetrathiafulvalene, hexamethylenetetrathiafulvalene,
tetraselenafulvalene, hexamethylenetetraselenafulvalene, or
tetramethyltetraselencfulvalene — N-alkylcarbazole(Ci ~ Cu, linear or branched)
complexes; tetrathiotetracene, tetramethyl-p-phenylenediamine, hexamethylbenzene

- p-chloranil complexes, or a combination comprising at least ane of the foregoing |

donor-acceptor complexes. |
13.  The composition of Claim i, further comprising a soivent.

14.  An electric fleld programmable Alm comprises:

a dielectric matrix material, wherein the dielectric matrix material comprises
an crganic polymer and/or a inorganic oxide;

an electron donor; and

an electron acceptor.



an electron acceptor. 41 15. A data storage device conprising the film of
Claiml1l4. 16. A cross point array conprising the filmof Caim1l4. 17. A
nmet hod for manufacturing an electric field programmable film conprising:
appl ying the conposition of daiml to a substrate; and renoving the
solvent fromthe applied conposition to forma film 18. Afilm

manuf actured by the nethod of claim17.

41

15, Adata storage device comprising the film of Claim 14.

16. A cross point array comprising the film of Claim 14.

17. Amethod for manufacturing an electric field programmable film
comprising:
applying the composition of Claim 1 to a substrate; and

removing the solvent from the applied composition to form a film.

18. A film manufactured by the method of claim 17.



