MEMORY DEVI CES BASED ON ELECTRI C FI ELD PROGRAMMABLE FI LM5 BACKGROUND The
- present disclosure relates to electronic nmenory devices based on electric
5 field prorammable filns. More particularly, the present disclosure '
relates to electronic nenory devices that exhibit bistable behavior.

El ectronic nenory and switching devices are presently made frominorganic
mat erial s such as crystalline silicon- Although these devices have been
technically and commercially successful, they have a nunber of drawbacks,
i ncluding complex 10 architecture and high fabrication costs. In the case
o: volatile sem conductor nenory devices, the circuitry nust constantly be
supplied w ] I - I j I information- This
results in %@%@?ﬁgbgﬁgkﬁFSﬁﬂégﬁékE8@%@?5@%&?§ﬁ%ﬁﬁgﬁ%%¥ﬁﬁin e sem conduct or
devices avoid this problem but have reduced data storage capability as a
result of hj q@gplexity inthe circuit design, 15 which results in

hi gher prégﬁggﬁgﬂJcosts. Alternative electronic nenory and sw tching

devi ces enpl oyrta phisai aklieued relaeeb eklainic m@Rrevieanyes bedadet ween a hi gh

i npedance state and a | ow | hpedance state by applying an el ectrical

vol t age” orf=lt Fagramyiglie gims; ?‘iiﬁnﬁtpa’f“ﬁulf'% &Hé’\?‘is’ﬁ‘éfilsﬁgl‘ﬁ "PgeGHAi ¢ and i norganic
thi n-fil mSREGORSHE AbviAR BT dxRbe bie@Re BgH&ed in el ectronic nenory and 20
swi tchi ng devices, for exanple in thin films of anorphous chal cogenide
sem conduct or BrYARF BCRRR G YIRS FeTicee FRpreends madidrmisoEapper - 7r 7, B, S
tetracyar xQaksdaeH LRAAERR Siicod GurmbERRhese il As vk BBy, E%laﬁcah certain
inorganic oxides in organic matrices- These naterlafs ave been proposed
as pot ent i & cerameicatit Lol Seydaves! Tamitere! dembrdke sncRBing corapiiper  of di f f er ent

ar chi t g¢t UL8SeLAAYGn fagrﬁm!-.&rm;,qﬁtﬁeesslegiﬁg$%%i&ndg§ ry and swtching

devi ces based on sem conducting materi al s. ese architectures reflect a
t endency tIwadTH Se8ise dhexirfulimt noH cwiskhily egupriicd withlh ffrenenbrdrawks.  For

exanpl e, MRLLLX AAALESRIAL RN ﬁﬁs@&ﬂmln%@t&!g%ﬂdﬁ Bk gl e plane such as a

thin film 1s a sinple and effective. way 6f achieving a | arge nunber of
accessi bl e:nr_mmmtiyn. MNon-valatile semiconductor devices avoid this problem but have

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

15 which resulls in higher production costs.
Alternative siectronic memory and switching devices crmploy a bistable element that
can be converted bebween a high impedanee state and a low impedance state by
applying an eiectﬂcél vollage or other type of input to the device. Both arganic and
inorganic thin-fitm semiconductor materialy ¢an be uzed in slectronic memory and

20 switching devices, for example in thin films of amorphous chalcogenide
semiconductor organic charge-transter complexes such as copper-7.7.8,8-
tetracyanoquinedmethane {Cu-TCMNO; thin films. and in certain inorganic oxides in
organic matrices. Thege materials have been proposed as patential candidates for
nonvolatile meﬁﬂﬂes_ .

53 A nurnber of different architectures have been implementad for electronic
memory and switching devices based on semicanducting materials. These
architcchures reflect a tendency towards specialization with regard to different tasks.

For example, matrix addressing of memory location in 2 single place such as a thin



| ocations while utilizing a reasonable nunber of lines for electrical
addressing- Thus, for a square grid having nlines in two given
directions, the nunber of rnernory locations is, 0- This principle has been
inplenented iii a nunber of solid- 5 state sem conductor mernories. 1In
such systens, each nenory laction has a dedicated electronic circuit that
comuni cates to the outside, Such communication is acconplighed vis the
rnenory | ocation, which is determ,ned by the intersection of any two of
the n lines- This intersection is generall y referred to as a grid
intersection point and may have a volatile or non-volatile menory

el enent . HRE sk Feedrtisevrioh 2V Ba R e TR OF I PHEF PR S#PPTYse an i sol ation

device Sll':ﬁ:ﬁ‘%c@éw‘ﬂﬁbLitﬁiQJr@Eiréﬂgbnalﬂi_Qﬂﬁ}e?ﬁliﬁﬁ@e@eutd@QQEﬁ%ﬂan with reduced
cross-tal etween and anong targeted and non targeted nenory | ocations.

Such . gri Ghimfeer seareisid hagngm bnes idve seohegeraithemeyyr & Mor e,
El ectronics . r A : ide and nonvol atil e
SSor g&h%% Tﬁ§prtu(cgp%qa beemmége@m&a%gﬁ meépJ;fg@ld.

menory elene avc beer enment at the grid intersection

poi nt S5 uStangpemmendogst merhprgt.alp lechatsemisadag merpowbygiop hadanaf iv L-urTentiy
known bi st abl il.ms a. re Inhom ' i vered conp osite

5truct uredtegif: 4 rﬁlﬂég?ne“aﬂ ﬂ)}“ hgtvcaﬂ%gra %'?Sggﬁg&lrﬁ?’ﬁﬂe' étqd%if““*(\)l}%msfl ,mt\ll%ldch are ex

pensi ve andceepisize vehi thd metdry focttion.orhithad deferinmed delite: irongectidhese bi stable fil ns
do not afford he .0 tunity.for f _ahricatjn filps in topographies
rangi ng FROMCSA Er]”n'g' lcﬁmptfr%%‘jr“.m iR @i"b'f”eﬁ’r ﬂoﬁgaﬁlﬁ‘lﬂﬁ“f%'ﬂ?i cated using
pol ynmer ratat keBSayaads padidtilGid hed- et hekorpelement eTiegaib ingerssbdior nogeneous  and
therefore unsultable for fabricating submcron and nanoneter- scalc

Cor 1 £ B¢ (O R o SV AR e LB S R A e RaP A, st bl & 111 ms can
be  contadatebsalylwithvadidé B bdstBEhabyees raaiting tdrfaiiSind ined taig@kdods, but their
operation requjres high ternperatu nmelting and-annealing at the grid

i nt er sectTHIPHEFHCES 398 afd dprersqfiprpolngidias FQE@WPEF- ¥6Bn t her nal
nManagenenptAR SFRmbBMeh gls.pover consunption requirenments, and afford
only a small degree of differentiation.” between the "conductive" and
"nonconduct i VE*ergvgiREls gy plaiymiacy BERaisR Ve BER opleerEddper at e at hi gh

tenpenat Unesrd thfersh@iofl pifuk Gihd vatitus tleSieGrherflapkRelHauhee structures
currently known bistable films are inhomogeneous, mudtilayered composite
structures fabricated by evaporative methods, which are expensive and can be
difficult to control. In addilion, (hese biatable films do not afferd the epportunity for
fabwricating films in topographies ranging from cordormat to planar. Bistabie films

20 fabwicated using polymer matrices and particulate mattet are generally
inhornogenecus and therafore unsuitable for fabricating submicron and nanometer-
scale plectronic mermnory and switching devices. Stik other bistable films can be
controllably manufactured by standard industrial methods, but their operation
requires high ternperature melting and annealing at the grid intersection points.

25 Such films generally suffer from thermal management problems, have high power
consumption requiremments, and afford only a small degres of differentation
between the "canduchve” and “nonconductive” states, Furthermore, because such
films aperate at high tempetatures, it is difficult o design stacked devies struchrres

that allow high densiry memory storage.



that allow high density nenory storage. 3 Accordingly, there remains a need
in the art for inproved electric field prograrrrnable bistable filns that
are Useful as subsystens in electronic nenory and sw tching devices,
wherein such films. can be applied to a variety of, substrates and produced
with a variety of definable topographies. Further, there is a need for 5

el ectronic rnenory and sw tchi ng~ devi ces conprising electric field
programuabl e bistable film- that gan~ be produced nore casily and

i nexpensively than known devices that offer nore useful differentiation

bet ween | ow conduct| vity and_hi gl Ya Stat&gig that have reduced
power and ther¥ig ipgd ﬁdll“%{eerr’?%‘ﬁfls aﬁ%l‘t atry%gﬁi\gmﬁe sta CE d in various

canfi gur aF}@M@MwA%wmhﬁla&atsﬁfomseatdﬁwnwe:sﬂ@f-rmm gheerydehsi ty. 10

SUMVARY [ n one aspect, a cor sition f or the format f an electric
field pr omﬁqeympﬂrﬁm%w@@gﬁﬁ&ﬁeﬁ?ﬂ% conpr ﬂnSr g?a?'m?rat&rjl X precursor

conposi ti ?thg[.ed Al Rhas b deﬁndﬁ&ttlﬁﬂoﬁralﬁﬁi'&:emhﬂher, thdpeis e hevd fithe di el ectric
matrix matrial conprises an organic yrner %/or lrgganlc oxi de, and
el ectron dlopinricaprinosnans| s cé'cféqéﬁrf‘ﬁ‘f“‘"@f“’“émfg} %P?ﬁ'ﬁ“\mﬁ’ n anount effechve

to provide, el BGitd Gatlc m,m@mﬁ&Mﬁ%mdmxmmﬁmmt an electric
field progromm le filmconprises; a dielectric matrix paterial, where in

the diel em&vrpe@; tharmfferimerereel difererHen peswen bvagindichuliaed BSPymer  and/ or a

I nor gani ¢ \gw Ak §h 8 G ive QL AANR e ar@Mrad) rlLBGEn@ANAERERAKOr , | N anot her
aspect, arre for manufacturing, an electric field programmable film

conpri si ng}eaqagdeylmgnbmumﬁ@mbsnsw bhrigfe «EBragnindeviees oEhighgb4¥™4at e; and renpvi ng
t he solla/ent fromthe applied conposition to forma film The present -
invention offers the advantages of sinplicity of manufacture, higher

devi ce derssiMmaR¥d produced cost of production. The, electric field

programmable film na [ P01 Pt al-LaY.adat a storage- devi ces,
stacked data Bf0F & gﬂ 448V "ggg"‘ﬁrﬁ‘é? ke “Th addi tion, the electric

field pr oqnagmeahlhlee f'lTIrrL fhe compnsnmn compnﬁlng A matrix precursar co*nposmcn or
a dislectric matrix material, wherein the dielectric matrix material compriges an
organic pulymer andfor a inorganic oxide; and an electrﬁn doner and an electron
al:néptcr of a type and in an amount effecttve to provide electric field programming.
In another aspect, an electric field programumnable film cormprises a dislectric
- matrix material, wherein the dielectric matrix material comprises an organic polymer
andfor a inorganic axide; an electron donos; and an glectron acceptol.
T another aspect, a method for manufacruring an electric field programmable
filtn comprising applving the compasition of Claim 1 to a substrate; and
15  removing the solvent from the applied composition to forma il
The present inveniion offers the advantages af simplivity of manufacture,
higher device density and reduced cost of production. The electric field
programmable filin may be used in cross point array data storage devices, stacked
data storage devices, and the like. In addition, the electric feld prégrammablu film
201 may be uged in devices having flexible plastic substrates. inurg;ani: oxide substrates,
optical devices, in switching elements {ur ligh: emitring LliUtil.:“.'i, in switching

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



20 may be used in devices having flexibility plastic substrates. inorganic
oxi de ,substrates, Optical devices, in switching elenents for |ight
emtting diodes. In switching elenents of pther electronic devices such as
sensors Y5, a5 actuation elements in mcro 4 L-lectro-nechan ical syE
terns (ME NM5, devices an-i in control a pp LcatdJ ons in

m crufl ui dic devices. D ESCUPTION OF THE DRAWNGS 5 Figure 1 (a) shorws a
schen-Latic of an 6ectr ic fiel d prng-rammable film Figure |I (b) Bhows
anot hcr scherma tic o i an cloctri ¢ fl-4d rogTammablc film, Figum2 (zt)
~;ho w s RV Q2 FeSanlin cRHLNboREEA: o d @ t a storage

devi ce Qie%%ra caﬁcwnﬁwgﬁweﬁi%ectrlec field prggra =abl e f ilm Figure 2(b)
Sho ws a outrefivadic ¢dvews. of a Cross-po in ~ a cray d a-ta arora ~t? devicc 10
with a piuTality of pixilated electrjr field programmable filin elernents;
Figure 3(a) 3,haws a s chematic d |lagTamof a cros~-- p oint zLr-f ay

devi cx- cmmﬁmim@ﬁﬁdﬁﬁkawméﬁd progTarnmable filmelenents, Figure 3
(b) shows a sche iagram o poi nt acr a device ct=prlLsing
el ectrl c fiel loﬁm@tjéh%ﬁf E?mﬁmofa L\"Egcr‘i‘te”ﬁtrgaj PEETYTY E’ieen){rﬂ' show5 a cu taway
pmally expl woash m-;;. hl&mqlﬁﬂntﬁnr@:"@naldoaﬁ'k@ﬂtrd fialdtyr dg)nnsﬁ:mrca‘ge dewi ce on a
substrate, gure 38' a cutaway arti. qlqw g)&pl oded vi ew of a stacked
dat a storage ‘J:aé iS4 CEABY AT &7 RS B S SHOWE S Partial 1y

ex. pl oded wlﬁl.itcar\%nhm)éElél:tﬁl:ﬂélﬂ)prc@ilﬁuﬂah]fflrm stacked da ta 20 s tora ge &
vic~ CDITIPI-iSin a substrate and tlirL e deyi:--e | [~S, Figure 7
pro vides, ‘i n FEIE A ARGSG SUREAT VIEGE AT ngméma%ﬁ"’ B2 Hlé‘:d 7(b), v iews
of am Dﬁﬂthh'ﬁﬁﬁa]ﬁ% oithi kA B HOF BYEprodavingie. filh dMdleel; . th e nme nory .
elernnts arc iso |a ted by junction Aiodas, - and Fi gure 9 is a

papl iical reprFiaEaei sgrhematicdizgran ol ofpes P BTV volt age f or the

25 deVi ce c%p&r%[e@mlflgﬁ programmable film elements;

Figure 3k} shows a schernatic diagram of a tyoss point array device
comprising electric Held programmable Hlm elements;
13 Figure 4 shuws 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 partally exploded cutaway view of another stacked daka
2 storage desice comprising a substrate and three device lavers;
Figure 7 provides, in a cutaway, contigunus, 7{a), and expleded, 7{b), views of
a portien of a data storapge device in which the memory elerments are isolated by
junction diodes; and
Figure § is a graphical reprosentation of current s, applied voltage for the

25  device of Figure 1(b).



5 DETAI LED DESCRI PTION The electric field progranunable film as defined
herein is a filmconprising active elenments wherein the active elenents
are convertible froma first electrically conductive or polarized state to
a second electrically conductive oT polarized state by the application of
a suitable forward bias voltage, and wherein the material is re- converted
toits first electrically conductive or polarized state by the application
of a suitable reverie bias voltage. A forward bias voltage is an

el ectrical signal applied to a device that pronotes a change in a
prescri bededif @6 hkefpfibR the application of the bias voltage. A reverse
10 bias voltage 1s the opposite of ‘a forward bias voltage of the sane
magni t ude. ThBhestsrinp feld pegmawmapls i agletagd g halile eEPrYE fi el d

pr ogr anmabl.e. Ll RLELEIENL. « AMbidRn Bl BRUBRTSIN, it RAiNy er secti on_ bet veen
an electrode froma first set of electrodes and an el ectrode froma second

set of el entudises Hohsdtedstar theseatriekagcdly cerectivapriiciaed Gtiewt a first
Stimtlys SuGikdth f.g@gmfd? tht?a@ﬂs%ss%tﬁ%?m_K.Lﬁ.@mmhmmrsam@?g. or (b) 15 the

appl i cati subser|ue ossibly diftrerent stinulus produces a

ei i ff eTi amntercteas firgdicrtasfipnadutihan folhazsizphd by dits appliefiotdie first stinul us.
A cross-point arra b,_i S device conprising a first set of substantially

par al | el “‘étlglg%f“f%[ 28 ("8"& referred to as |ines) running along a first
direction, a sdasad Watvoltdge ssoblsttdeat sigtlal appipalrtak Hefice dlaegiomo@es runni ng al um
a second direc'ion, wherein an active.20 el nt_i.s formed wthin sonme
or'all of aF}f‘?ﬂges‘ﬁﬁffeé‘f“bia%ﬁé‘afté“é‘ca{‘?%ﬁﬂsaplgg a\%/{é%{ﬁ%geﬁ’ o g?l%lé?'r‘%ﬁéer Tomthe first
set ofipel Biad FDERSs MR dppiital; 8 Rk O Bias @NEd dichesaeomsnaede. of el ectrodes and

further wherein the first direction is at an angle of | . to 179 degrees to
the second di TEGFEFIRRA AT BT hees E\?é’m@iméfﬁ’éﬁe R Bl her

cont i NUOUSOf: deficyBlkainghn RbrsdtiRtichiGr 6RLIPki N r@s: Gefengd herein is that
wherein a voltage or other signal on  one S&ectro e relative to a reference

or gr oundelftigres 2ng An BleIRABIRIT &PEU S Ph slestnydes Sab R b Pt JR®  he state of
the activeg,2l-8WaREa il &k GRbh 1GOEPhE FGasGRB rddforOBRontiher or (b}

15 lhe application of a subsequent, possibly different stimutus produces a different
measured response than the application of the first stimulus,

A cross-point arTay is a device comprising a first set of substantially paraliel
electrodes (also referred to as lines} running along a first dirzction, a second set af
substantially parallel electrodes running aleng a second directicn, wherein an active

20 element is formed within some ar all of the spatial intersections petween an
electrode from the first set of efectrodes and an electrode from the second sel of
alectrodes and further wherein the first direction is at an angle of 1 to 179 degrees to
the second direction and wlherein the active element can be either continuous or
pixelated.

25 Elactric coupling as defined hereit 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, Eleciricat coupling can be donpe via
diczer contact, ar through an electrical coupling «lement which makes vhmic contact,

contact via a conducting piug, capacitive contach, contact via an intervening oannet



direct contact, or through an electrical coupling elern nt which makes

ohm c .contact, <contact via a conducting plug, capacitive contact, contact
via an intervening tunnel 6 ji-ntdon, con ntt via an intervening Lsol ati bfi
devicL suc h as a dio de or atransiE tor .0 r contact via other

el ectrical dev~cvs Fipre | (a) aho ws a scherna fi c of an ele ctric f
iold p rograw mabie f Un 1, with a dielectric rnatrix = terisL e iectron
dono rs (D), el ectron accep tors (A and thQ5 op tional dono r a cceptor
conplexes (D A). '"flie electron d on ns - CD), el e ctro ri accepto.rs (A
and the Oﬂ%@cﬁm ShRPAS aﬁ%@z.%ﬁg sSNR BN CS o s Mo Bh§Qolgf erre d to as.
active carfoonents; and -nspcnd to the applica bon of a sdm,3 lus. Ex~ Tn
pi eb of cpameﬁviﬂlﬂﬂfefﬂmtnﬂidemgﬁ irich.3 d e, Wt are not linited to,
cheyr-ca 1. Mrkily ARLGRs daa R LG lnc sIRPRELEG LLREHT RGNS | C.
edectror nert| ant ca rnagrietoncc ar&a or el ectrochemcal. An

exenpl ar y asutmlem-limmatlsx nnstermh EEbmﬂﬂnma[D}siatm ygprbhdAgindltlect ric matri x

2 -
et ve bl G TG T BRI DAl R FRCE AT RS mmy mot  fisel
conpri se adcepeid mgearciahq)mﬁmtdoﬂ\qhharctpmrmfa:txﬂmcalrm,ﬂa-Lalsb tedetddidnst he el ectric

field progTwnrnable ffj S|t on ar.e gener o1 atiic polyniers or
o gani 6 GHHHERoaEs and st BRT PR SoF TPt P ErGE £ o ratr i x
inaterial sigmdiedai Ravhy diogens: egteds, chivhicd), dditar@hicaléatichl, donor ~i and t he

el ectran acceptors. The hydrogen bondlrpﬁ% iaivcrs the free energy of the

el ectric fPEEDTGHPRRARTIRES SFE MErrrY MR PT VP very little ef f act on

tl~e ener gﬂec%chbrhﬂaxt hA Bntpl 2915154 s frGlen@bf om0k t TansfeT. Dider-tric
matrix rnaterial - tha t display dipole-dipole in teracti Dns or d i p ol
e-induced d i B*E&F‘-’@cvﬁff@rfa‘IE%*?rﬁhﬂﬁmﬁﬁg}ETZ@f%Pyaf%@ﬂh%ﬁﬂFfﬁet he electric & d

pr oganmabl cogphhdnilin ANRti6h dihen€Thb dibls@rid MBrik FbkridlBnal 6r by HkS U sed in the
electric f ield programmab L- filnms are org FLnic p ol 'yrners ark d/or

i i or gar ugt ek RIS 4n aetiyesoraRIep At b maprialsivticed ke PTi ol Tre rsused as

the matriXBRb@mhal fimkoh@olforitRe shlb@Rfbni:GolyERASE inflySnObxides 0 1 OG0 I n
Qli c anbo&?%gn t, th g}r(%roggm c gp ) yﬁﬁé M%aosy 25 smg%gden}ft1 chem cal and

t heral 15 elgisgersrdles desimble (g feidilesisg mﬂﬁrﬁ@@éﬂs@@y formingidaokapibacris he

with the electron donors and the electron acceptars. The hydrogen bonding lowers
the free energy of the electrie feld programmable fim whils having very little effact
on the energy of the transition state for electron transfer. Dielectric matrix materials
that disolay dipole-dipole interactions oz dipole-indused dipole interactions may
20 also be used in the electric field programmable filn, The dielectric matrix matecials
used in the electric field programinable films are organic pelymers and/or inorganjc;
oxides,
It is desirable for the organic polymers used as the matrix materials to have
dielectric constants of 2 to 1000. In gnc cmbodiment. the organic polymer has
23 sufficent chemical and thermal resistance to withstand processes involving the
deposition of metals, etch barrier layers, seed layers, metal preclcsors, Ph{:tor&s.isl:s
and antireflective coatings. It is alse desirable for the organic pelvmer to impart a
iow level of electrical conductivity to the electric fieid programmable film in the

“off” state and to permit for a sufficiently high concentralion of electron donors and



dEpDsition c¢ f rnetalE, etch barrier layers, seed lave r;;, rneta |
precursors, phatoresists and antireflective coatings- It is a"

dcsirable for the or pranic polyrnei to inpairt a iow |evel of
electrical cQductivity to the electri ¢! fiel d p roSTa n=able filmi
rt the eeoffe' state and to permt f vr a sufficiently high concentra-
Lion o i-electron donors and 7 electron acceptors to enable a sufficiently
hi gh conduct:virv in the 'on" state so that the difterer<ce between the
"eir state and the-"on" state is read 11y di scerned. Electrical :
conduct i vi of the dielectri.c. Aty LIRS 4l .Siol- or equal to
about 10° ugﬁﬁgcmcmﬁ'}%e.ena F“usn?m es %lﬁlgf%g#lg{‘d‘t éﬂefgﬁﬁsgﬁ%%ﬂhﬁe el ectri cal
current i whddifidnence igmiees tat eff tserebntiiat “on'frtithe readfifdiscenet e t o be greater than
or equal 5 wth greater than or_.e |t i mpl ary, and
greater t %ﬁmﬁl C‘ﬂ'ﬁ[ﬁ%{ﬂ“{' %tr%i)cba%%fcr%mé’ﬁ/%%g%ojrlgﬁgxeBrSngrugl-qog?r%egﬁf off ratio
great er tiitrashcal] Dwsiedihbl: o me ranci hHDEkAist atrest ofhe dom“etaegtric fiel d
programmabl e fjl 0 be discerned readil ile on{off ratio greater
than 7 O(Shaéﬂ%?/\gﬁ% Flate o Bgreais ian m&fl‘l’glms‘r%/gﬁ@?e?“é& %‘“&L u(fje':rﬂned nore readily
and an ong(ofdngleaddyary, 54 greatirin d- ban! 6 winkews mMdexenpiagnd "cuf f" st ags
to be discerned roust readily. On/off ratios are engineered to neet the
requirenments &Pwrﬂ%ﬂﬁ’?ﬁ@rﬂéﬂﬁ%ﬁﬂ & e 'cséaéﬂ‘-*ﬁgm Wi gh i npedance
sense anplgefil RbSarAnthid RAUL bd dMlerRORAL vSP@LEh orRPBERS droiter QR UI r e | ar ger
anlof f tatios, while to devices having | ower speed requiremis smaller
orJof f rafiPbaloys é‘leé%éﬂ#é‘ﬁl“é‘aﬁf%ém&“ﬁrﬁ‘%‘”ﬁﬁﬁyﬁ’é‘}@?W‘Pé’ira%y be used as
mat ri X materials. ki hes 6 @6t 510 ofrt 8L 1o BY QYL ARRD: e:ag@NMPOSi tion nmay be
thermop iastics. ther!;osets, or blends of thernoplastics with thernosets.
The or ganiGn/gfbiatirrerssenggerdsido methdyoPinBants ofpicsekice SpoTgHele{, graft

eopol yrnergs,. . bl r L I i ononer s,

derwdri nerdém%trhg{'ﬂ%l’%{@g@ L('i)algtrgé %%nﬁ?iﬁg%?%ﬂgmﬁg?ggr?ég?ﬁgﬁgt | east one of the
20 f or egoiapgratarganHiw Lqugdr prvelf s:ticy whbd b dpdtey havins rey prrgd di el ectri ¢ const ant
of 2 to 1, - aradl tric constant (denoted by x) of the
mat ri x natrg%?ﬁﬁ'%ﬁ%ggﬁ @Zﬁﬁer%%bgamgttgﬁgtﬁﬁat -"an" and "off" sw tching

vol t agés are eNgionseir poyings thermayfhgrendtae npire mpprsigl [ the electric fell

programmable composition may be thermopiastics. thermaosats, or blends of
thermeplastizs with thermosats, The organic potymers may be homapolymers,
black copolymers, graft copolymars, star block copelymers, random copolymess,
ionomers, dendrimers, or the like, or combinations comprising at least one of the
20 foregoing organic polymers.
Organic polymers having dielectric constant of 2 to 1,000 ean be wsed. The
dielectric constant {denated by %) of the matrix material can be selected such that
“an” and “off” switching vollages are enginecred to conform 1o the specific
requirernents of the application. Within the aforementioned range, organic
2% polymers having dielr:cin'c constants of greater than or equal to sbout 4 are
exemplary, with greater than ar equal to about 6 being more exemplary, and greater
than or equat to about 7 being even more exemplary. Also desirable within this

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



requi renents of the application. Wthin the aforenentioned range, organic
25 pol.ynmers havizig dielectric constants of greater than or equal to about
4 are exenplary, with greater than ar equal to about b being nore

exenpl ary, 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 I ess than or 8 -equal to about 400 being
exenplary, and iess than or equal $0 abou ~ 350 being DICE. L' exenplPry
Exanpl es of suitable organic p Plyme rs that may be use d as tl-wdie

i u&nr mat I i amab e fhm conpos i
tion incltHe, 9q"afnlnse pol y(ntth)a
cry] a keSexemppolyasters, pnI yo rni d es, noval ar-s, pol ysi | axanes ,

pol y=bonat es 0 i di acct atcs ol ,_ pi Dl yam dej uddes
, pol yaryl at esE‘Pa“Jff)c( ET‘&?;:H aéuéo’:'” SRRV W’?‘%ﬁ XS%{H“%TI?FEFher sul f one.

pol ypheny| eagix odriilk ud&e eledRl fM paqglramzﬁdrmleanmd@nposmeh wslubd, ekne,

pol vet herin ! trafIX| dorotrifl uorcet hytene ,
pol yvi nfﬁ i a%f%'ff&r I%%F - B 6 R waﬂfﬁmﬁﬁf%adeq BEVFheeke =e,

poi yet her  gorydilbRinkep M@ ondd@) pobrihiasy piacetit@Npoii@okione,  or conbi nati-ans
cornpri5ing  at |east one of the foregoing ﬁem yrneric matrix material s-

Bxanpl eT~ BPYERiftimies P‘é‘:[ﬁ%lai?irﬂ“ﬂ’é“rf?m“*’t RIFSTYuliRg PRetieatioRs t he

di edectric a%ﬁrre@qemunh% bélvikf cm&edeeﬂoﬁ@&ﬁdn@ pbiveheiRRegr anmabl e conposi | ion
filTn inclu e, bu -are not linited to r-Dpolyeistercarbonates ,

acryl ani t rP‘Flé*E*fﬁiH*E"a’H‘ihélﬁ'@ BRxrfigrayriucrog e pmprly dridideng Tapdider j | e |

pol yi mige- F)&Wﬁ 1%98&@:@‘3@%@@!&&%& E{Ft}rdﬂ% Mﬁé:t@&:le@ogﬁrher RelY Bt DY f .

met hacryi at e- pol vsdaxane , pol yurethone-po | 'ysiloxane . or the | iRe, or
combi nat i oprcombBAgmE SimRyisiag a1 lesasTre oliee felfemtt@PCﬁmﬂelgwtrg mdgrasy - mers . r-x
arnples o i suilahl.erLOsr mpoaekll By VBRI bheld be u sod in the
ele @f ic field prsogsrue{m’rar’rbs? 7 currpto“sl%}t?a:eon in Féﬁamkmqu ~ue at
limted tomalgorlymihe el Heldproggnmable compbsitatiye indugy bt e rubber, epo_xy ,
phenol i c, : adinhd L GO or the like, or
oorti bi nat F%%Aé(&%S%I#ﬁgfaﬂ?o@g@é?ﬂfigﬁgt&%@ﬁg (k)%lt Jﬁr?e’%l%% regoi ng theL nose t

ti ng p‘l@| ypq-mlp:g*g:ﬂg polyimide-polysitoxane, palyesier-polyetherimide,

o gﬁuut?fidﬂ %Emgzexeglp et ﬁ{de&g ha® P Eaual tD

polymethyimethacryiate-polysilaxane, polyurethane-polysiloxane, or the like, or
combinatians comprising at least one of the foregoing copolymers,

Examples of suitable thermosetiing polymers that may be usced in the electric
fiald prograrminable compesition inctude, but are nat limited to polyurethanes,

20 nataral rubber, synthetic tubber, epoxy, phenolic, polyesters, polyamides, silicones,
or the like, or combinations comprising at least ane of the foregoing theemosetting
polymars.

Lin an exemnplary embodiment, the organic polymer in the electric field
programmable flm com.pusi[rion may be in the form of o matrix orecarsor

25 camposition comprising menomers. In one embodiment, the matrix precursor
composition may be pelymerized into a homopelymer or copelymer prior to the
casting of the electric field prograrmnmable film. In ancther embodiment, the matrix

precurser composition may be polymetized into 2 homopulymer or a copolymer



In an exernp laFy ernbodinent, the organic polvyn er ii i tbe

el ectri.c field programuable f|In1 conpoition nay be in the formn. f i
matrix re%Cu rsor 25 carnyosition conprising rnononerr., In one
enbaii-n-ent, the atrlLx pr2curz;or conposition nmay be polynmed zed into a
onopol ym cr or copolyner prior to the casting of the electric held
programmable filn . In ano t er enbodit, rhc matrix prec rsor coi npDAdon
may be polynerized in tot honmopul g mMQr or a cup lyner 9 afte 1. f -r

t he conposition is cast onto a subs electric ftc4d d p cog.-arnmable film
Exanpl es o i tabl e.copoL i_th ) ha.t, my be used a s ma trlLx
mator | ol 19 SARRT AT PE P g BEHEER I BSRRTTOT o udeca
poynmers rmad e 5 f romnonorn rs sel ected fron1&y ene, hydr xys y r ne, C~
i - Ctoli~ Lear, bra n_c-hcd or cyclic alkyl, C  Linear, brEnth d,
or cyclic al kAPgirieae suitapjegoppbymeps thafmay gat ppy b“d’rsecﬁ BN ox ar yl al kyl oxy aub

tituted ryheaeswiyenal ﬁe:,mg)ogmmnamé cod@Bsition m@c,c{éﬁmmngrm%ryl ni tile.
(PrL th)acrylic ad d, I ear, branche l i Ual KV,

- O Y arfmBemsR SE]ﬁ'r‘R‘i/fmmf H'E“et hlﬁ*)f%f‘lf Briralt eldEarwandpder 4 yanoaq ong

nononers. £2al-¥gst ¢l c&@f@s&l MIRGS, glqrgramralknx;,gﬂcmarﬁ Jmﬂk Il aly1a€; @T, branched,
0 - cyclic && ox v, - Gco a-ryl, a ylalkyl, arylo y or aryl al vyl oxy

di al ¢ hol &* a@lalk?lﬂxtmaﬂswmﬁ%n?‘mblrﬂéfﬁbﬂéawi agyiedmeiiasryignkelt: . C1 - CLO Ar YL

ar lal kWInﬂthﬁhcﬁlﬁém Cp—émﬁ-ueayi}ramlh!ec!( c:yé}rciﬂ-)%ikygl C!—aC Hr 1 or %Eﬁét al S;0 b_e _us_ed
tn the ek-ctri field programabl e cornpos Non- {Va S conp rising

C.- 15 Q {meciyagegmc GSWafﬁr&Lﬁémmwvﬂvemoéwquewye hl@ﬁara c@8fndiepl , a y] |k
vl, a gy [ VARV - W Yoo QXY ordh@n-~n@; Ci - Ao linear, ranchedL
or cycll[lyc a"Ko n@” EC%U e grrif/%mn a [kyl , a yloxy or arylalkyl oxy
diac d8 may all’féﬂstblecﬂwmerﬁ mntdmelag Ci4Ge mnﬁﬂrctﬁrme:hdi p arelipalioe; conposi EQ L.

range, o e(\dJnQ\?_?] a\.‘ﬁhg awl%y or ar?lra kgl)érx ?hﬁ%ﬁfﬁt %I’ 11;[1EQ?'% OEh ?qua to a bout |
U, grea abou ate "than or equ , |
to about Isycl@@Boxy, S AOw hel Mylalkyl, ydowp-or'agrladkyloxy dlaﬂd'i mav also be
used in the eleckric field programmable composition. Pelyamides comprising C: -
13 Cirlinear, branched, or cyclic alkoxy, Ce ~ Co arvl, arylalkyl, aryloxy or arylaliyloxy
diamines; T = Cw linear, branched, o1 cvclic alkoxy, Ci — Civaryl, arylalkyl, aryloxy
or arylalkylowy diacids may alse be used in the electric figtd progranunable
COMpUSILIoIL
The organic polymers o copolymerys may have a number average motecutar
20 weight (Mn) of about 50 to about LO0O,000 grams/mole (gimolel. Within this range,
melecular weights of for example greater than or equal to about 1K), greater than or
tqual to abaut 30, and greater than or equal te about 1,900 gimaole may be used.
Also destrable within this cange are molecular weighis of, [or example, less than or
equal to abaut 75{,000, less than or equa’ to abaut 500.0(K). and less than or equal to
45 about 250,000 g/mole,
As stated above, the dielectric matrix materials can be iarganic oxides.
Exemplary inorganic oxides are those having a perovskite structure characterized as
having a tetravalert or trivalent atom siluated in an ociahedral site with respect to

the surrounding oxygen atoms. These matertals have the general forrmla



Also d sirabk- ithir this inge are nrtul CLLIaT Weiglrl SO0f, -ar

examp le, less than or equal to a bout 750,DO0, |less than o r equal to

. about 5 MON. and less th n ar equal to 25 about 25 ,GCC /nole, As.

sated above, the dielectric inatrix mateiars can L~ , [-.QIgliniC XI'deS.

aenplar inorganic oxides i re those havi g Et perov5kjo stntturr-

haracteftzed as havin 1,0 AW6SCyQ, is where w, , and y are 0 to 30, and

ar is 1to0; Ais calciumstrontiwm or .barium F. bismuth, zirconium

rtxrel or lead, and Cis titanium niobium zirconium vanadi um or

tantalum In an exenplary enbodggent, the stoichiornetry is cons-rained to

gi ve approxi mate charge neutrallty When such i norgani c oxides are used,-

t he el ect wberedonendy are D &cilrand racice pit: driscalcayd srayvinoti dkdyn £l donor-acceptor

cur npl exe t _be capa es exceeding

200C_ Exaﬁ‘ﬁ’i“%@“ (o vy C?F\IC?F caadn:‘['\%é %)%ltt gfn?%lgﬁag&m%ut g%gﬁl%ot linited to,

| ead zi r conahbi@huin uzam&&eemﬂﬂzmjmbudﬁmmommrmerrm cergtraiamdo givked | nor gani ¢

oxides with dielectric constants in ar.aounts of 9 to 5500-such as barium

stront i unfPRPARHEEETEEE&T Y ead | arrthant: m zirconate titanate (PLZT.

bi smut h st ronmr}mﬁcaﬂ{uagahﬁ:emdhla&mﬁmttﬁtaweamhldumrmelehmah&cpbraad ni ckel

" niobate, |ead magnesi um ni nbate nd the | ik oul d be understood that
Che Tt eP BaHBT I BoBBHAE e P R Ea ¢ S e g of

st oi chi oNMedmHeturesdeQfee AXDMPICE ExdthSensE fuch INbRBtIL bikds antual, ke can have

stoichiarnetries such as Bi ?Sr Taz(o, Bi SrzTa200. Bi x5r Ta20s. and so on,

| nor gani ¢ MBS 19 Fied Hereratetfitare e By FERs e HE BB PLARA S rddroraiaiadi um oxi de,

haf ni um Qi ElGyndidi &R IbrstaRts QXdrslRmesoF 4 @AE0I FU@XE BRundYSRIAST Urn oxide, vttri
un oxide or the file or conbinations C%KT})I‘ISI ng at | east one of the

f or egoi ng fit=Thte (§5hbleadhlanteanyx denirtiwpte (BLAk GETRETHa 8™ di el ectric constants

in amount $.0fid wikiBul $7 D n kSR RhE 0% Aas Ry RE ey akrd into electric
field programmable Filnms via
and the like. It should be understood that the latter generic compauand names are

indicative of a range of stoichiometries. For example, bismmth sironbum tantalite
can have stoichinmetries such as Bix5rTa:Oh, BiSraTa:Ck. Biz5rTa:0s and 50 on.
Inerganic oxides melude tantalum oxide, niobium oxide, vanadium oxide, hafnium
oxide, zirvonium oxide, Htanivm oxide, dysprosium xide, ytirium oxide or the Tike
or v.:n:rmbinations'mmpnsing at Jeast one of the foregoing. The inorganie oxides offer
a wide range of diglactric constants in amounts of § 10 1470,

Inorganic axides may be converted inte glectric field programmable filmas via
sal-gel and chemical vapor depesition (VD) technigues. When sol-gel techniques

are used to frorn the electric field programmable film, electron donors, eleciron

ur

acceptars and, optonally the donor-acceptor complexes can be co-depasited.
Electron donars and acceptors can be dispersed randomly within the mateix .
material or agglomerated such thai eleclronic conducstion tesults, at least in part
fram perenlabive transport. An efactron donor is & meiety capable of donating an
electron to an electron acceptor. An electron acceptor is 2 moioty capable of

10 acrepting an electron from an electrot donar  The sroposed mechanism for device



so[-gel and chem cal vapor deposition (CVD) techbnicrues_ Wicn sol -gel
tednni.ques are used to fromthe electric field programmable film

el eclrorx donors, electron acceptors and, optionally the donor-acceptor
conpl exes can be co-d epas ited. Electron donors and acceptors can be

di spersed randomy wthin the matrix materii'tl or aggl omerated such that
ei eclrooic conduction results, at least in part frompercoiative
transport. An electron donor is a moiety capable of donating an electron
to an electron acceptor- An electron acceptor is a noiety capable of 10
accepting an electran . fro G he..nr. mechani sm f or
devi (F:)e 1% GBgétﬁuéltc?rb]ﬁeonggﬁ gérﬁgzid'slé[& E{ﬁ‘gﬂﬁﬂgﬁ g%goagmﬁ%ﬁ%lgtg%g%gﬂt o the iollown;
reacti on skheteIabishown in Table 1; Table 1 5cineineaReaction F.~ren: t Low
conductivity s tate- Kinctically stable because of Zero bias D+t + A- 1 D+-
A high barrier to electron tra.r,.s ort. 2 D+ A Forward bias Dr + A-High
condtcti vitapefern” state Suprathreshold voltagero tamiled. High

conduct i vity—state—i-p—3—b+-+—~A—Fc—bra—P—+Athecrpdyram—call y stable eq
ui |1 bAur n{. 384y ' n : i Sl if r om 4For war d
bias A. Low conductivity state. :
. ™ [ Kiretically stable because of
L D+ = KD+ A high bartier to electron :
transport.
5 . C Dva Farsard biag 44 | High conductivity “on” state
; Suprathreshold voltaps nrosramaned.
: . High conductivity state in
3 J D* 4 A Zero bias 0+ 4 | themmodynamically stable
- equilibrivm.
High Conductivity state,
_ _ Mohile electrons mave from
4 AT+ Suh;c:;:‘;:dhﬁms; & +A | jonized to non-ionized
acceptors in the general
direction of the anode,
High Conductivity state,
b Maobile “holas” move from
5 D*+D Subma:?d vﬁmgt D +D7 | jonized ta non-icnized doners
in the general direction of the
cathode,
J-_ 6 O* 4 & Reverse bins Ded Low conductivity “off” state |
i Suprathresheld Voliags: | programmed. |

[n the schemes in Table 1, D and A represent lectron denars and efechran

acceptors, respectively. [ and A represent 3 donor moiety having tost an electron
and an acceptor moicky having gained an electran, respectively. With reference o
Table 1, a suprathreshold voltage in forward bias drives the dcvicc from 2 low

i c':'nductivi:t}’ "o state to a high conductiviry "on” state; » subtnreshold veltage in
forward Bias causes the device to exhibit a high conductivity in the "on” state and =
low conductivity in the “off” state; a subthroshold voltage in reverse bias causes the
device to exchibit a high conductivity in the "gn” state and a low conductivity in the

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

L S



lonized to non-ionized rl + A Subthreshold vultaga +A acceptors in the
general direction of the anode. H gh Conductivity state. Mbile "hol es"
nove from+ Forward bias 1) } DI) ionized to Wrt-ionized donors

Subt hreshol d voltage + Din the general direction of the cathode. b 5
Szagrathrr-shold VoLl ag_ prosrammed. in the schenmes in Table 1, D and A
represent ol ectrvn donors and el ectron - acceptors, respectively. D and k'
represent a donor noiety having Lost an electron and an acceptor noiety
havi ng gai ned an el ectron, respectively- Wtl-r referencz to Table 1, a

supra threshol d voltage i hfAonald.Bi-88 i tes:.thesdevice froma low 10
conduct i vi*’?rild%’;tgfl%" Mst%a?eet {o a ﬁ?'lghw?onduct I Vi t; " o‘na" state; a subthreshold

vol t age i nmssufrbrpadtha chivastablasgles forganthisy i bigh ero<ekiMithitte #19[ilgyh conductivity
in the "on" state and a, L Vbt e 1 1WWifwastatc; a

subt hr eshPARP é‘g“%’ T hFéé@}grcglgeg%#%ﬂE\g%‘h%és‘ﬁ ‘E]ﬁté’%fevi é‘é“tté exhibit a high
conduct i Vive¥agedlist Ravdrirgyeviedsdbeng drthicdi=ldguescammonpetiilvs rym fbe t he of f state;

and a supratireshol ool 398k JRUEIT B #SmIRdiNg Skl devi ce front a high

voltages of 0.1 to B0V are used. In 6ne example, reverse bias voltages for converting,
devices having field programumable films from the high current state to the low
current state are 41.1 to <15 V. In anather example, voltages of 0.1 to -10 V' are used.
Electron donors may be organic electron donors or inorganic electron

10 donors. Examples of organic electron denors include, but are not Bmited to
tetrathiafulvalene, 4,4 5trimethylietrathiafulvatene,
bis{emylénndithiﬂ}tetrathiaﬁ,llvalene, p-phenylenediamine, N-ethylcarbazale,
tetrathiotetracene, hexamethyibenzene, tetramethyltetraselenafulvalene,
hexamethylenetetraselenofulvalene, or the like, or combinations cemprising at least

15 pne of the foregaing, .

The organic electron donors ate 1 to 100 nanometers (ren) n size and are
prevented from aggregating by protective organic or inorganic shells. Within this
range, il is generall}r desirable to have organic electraa 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 thane
or equazf to 31, less than or equal to 75, and less than or eqisal to G0 nm.

The protectiva shells usually render the grganic electron denors soiuble or
dispersible n a selection of suitable soivents. The thickness af lhe protective shell
depends on the particular moisty as well as on the solvents and sobutes in the

25 salution. The protective shells for organic electron denors are about 1 to about 10
nen in thickness. Within this range, it is generatly destrable to have a pratective shell
of preater 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 sheil of less than or equal to

3, less than ot equal to B, and Tess than or equal 1o & o



conductivity "on" state to a low condutivity "off" state, Devices ipablc ‘
of assumng either of two stable states. for exanple. a high conductivity ‘
state and a low conductivity state are generally call ed bistabie devices.

in one exanple, forward bias voltages for converting devices having

electric field programmable films Fromthe 5 low current state to the high
current state arc 0,1 to 15 V V. In another xanpic, voltages of 0.2 to 10

V are used. |In one exanple, reverselbias voltages for converting devices
having field progranmable filnms fromthe high current stake to the low -
current stale dgnsidshehotdni dfiotn ubdbr ARG S @MRGre YOhh@geS OF -4). 1 L0

-10 V are used. Electrondonors nmay E)e organic e ectron onors or inorganic

el ectron bglidteadormch mmnestrﬂfmrmdga'nﬁrd wghecty orertdomdr &a4icl ude: but are

0. Lt odt Bt @l 8ty (Bl Al eRgadu  natdid TRUAML KRt AiaL ) f vl ene.
bls(ethylenc valene “p-pheny P'srn ino,

N- et hyl ca r{ﬂ@inan]aedmr;d bﬂ;@tmm memybmecmﬂe K Eemml hyI berzerre
tetramethyltetrasel eno(ul val er net ras noful val ene or
the Ii ke41 ‘?“T%ﬂﬁ?ﬂ*g’t““é‘ﬁ%e @Vé%wgﬁ %&ﬁggﬁégél”ﬁ ETB’ ohan ‘II‘ ¥t he foregoing. The
organi c el egifioRnted0 BRES aa:rna:.h tdt@hydd6kurad NTHIM € 5 So A0 14 Rel@ndei and are

prevented froma atin rotective organic or inorganic shells.
Wthin thi §“5‘F'é|5\%g%“% q@”&i‘ﬁ'@ﬁal |y desirable to have organic elect ro

donors greater mha{}dﬂﬂh.mhh&lmavtaaoﬂeusgﬂ Rk ot QfbugauUal to 3, and greater
than or equal to 5 -nm Al so desirable, 20 wthin this ranger it is

general |y ABEEFSHI M galirdive (P ahP R @ coP RipHEcEn $8€Tt han  or edual to

90, | ess) t ke Horbild Alectld déRrs A0S adB5 S BRR 1A m-RAA! 510,80 nm  The
protective shells usual il‘%'ﬁ‘ render the orgﬂam c el ectron donors soluble or

di sper si bl éarpprgsedarraide {MFmH Pladpm difcde §otkient Blladipa dlpidkness a( t he

prot ective sl L@l&ﬂ@@ﬁﬁ%&ﬂyﬂrﬂ%ﬁ) @z&éa{@tﬁm}me@aa Al @S on the
sol vent s and solutes in the 25 ution. pr o tgctlve shells for organic

el ectron d@ﬁ@h@%ﬁé‘*%‘b&ﬁﬂeHl{“ﬂwﬂﬁﬁdmﬂ ajiey! hwmguﬁrﬁt Phedsrmetemsi Ve hin this

range, it |P;35gﬁ@@n@‘ﬁh¥mg%5@@| e to have-a protective shell of greater
than or equal to 1.5, "and greater than or equal to 2 nm_ Al so desirable,

within this randeocrs Et‘“%“@@*ﬂé?‘ﬁﬁi%ﬂlﬁié%ﬁ ¢oapfsardgrigd oot tbchilije she 11 of | ess
than or eq lalﬁls ok Ratide corrplexes of tranaition metals such as iron {Fe). cobalt {Cab nickel
{Ni}, copper {Cu), ruthenium (Ru), rhedium (Rh), palladivum (Pd), silver [Ag),
* rhenium (Re), osmium (O, indium {Ir), platinum (Pt amud gold £20) by reduction
with K- BELH or NR4* BELH (wherein R is an alky! having 6 to 20 carbon atams).
20 These nanoparticies are stabilized by using quaternary ammenium salts af the
formula
A
B—N"—pm" X’
|
wherein R, ', R, R" may be the same or different and are hydrogen, an allyl
having G to 20 carben atoms, an aryl having & to 20 carbon atoms, an arylalkyl
25 having 6 te 20 carbon atoms. Betaine surfactants may aiso be used as stabilizers,

In another embudiment, inorganic electron donors are derived from transilion

metals such as Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag, Re, Os, Ir, Ptand Au by stebilizing



9, 1 ess than orequal to 1, and less than or equol to 6 rim_ Exact-plcs of
i.norgani c electron donors include, but are rot limted to net,,]- halide
salts, such as titaniumletrabrom de (TIBra), zirconijin tetrabrum de
(ZrBril, wvanadiumtri bromde (VBra), niobiumtetrachloride ( bGC ;) or
manganese di brom de (WMBr2) reduced by potassiumtriethyl bc tohyd ride (K
BEt3H-) or 5 tetraal kyl ammoniurn trio thyl borohydridc(.NR4" BELCH )
{wherein Ris an a]lkyl having 6 t@a 20 carbon atons) in tctrahydrofuran
(THF) for 3 to 6 hours to yield metal clusters stabilized by THF

nmol ecul es [ ace of THF to

i [ [
st abi | i Zethl’ %’r l‘lailﬁ{ﬁ saip halulie(com)u!cxes of %cu‘ a"gPMxEcPdBatuéam }Ccimﬁmﬁs rﬁ?ng cont ai ni ng
el ectron dﬁnﬁwﬁmsﬂ@omhe@@eNnoﬁgambnwmﬁﬂmkmenamﬁmﬂmﬁgameunade by reducing

the netal salts su se brom de Bn) - plati num chl ori de
Pe Oy ane R Tonth YR PP B ERr YT ho b e tRe BB ot ol vbor ahvdr i de
(1<* HoH jarBin di@hd aadekytotierdmbng i, bmcremhydrm&gm(d\m%mﬂcﬁﬁ%) (wherein Ris

art al kyl haV|n 6 to 20 carbon atoms) resencc of
t et r ahydr 8RPD t“TB“WW“BHbr%ﬁ%HHFﬁﬁﬁF EEﬁHrgﬁn? H¥al ectron donors are

derived f Qi Extamdhl@md@ cma@ue§ 1&5erma&.trg&ﬂgmmér@mstr&iﬁenhmnsI tion metals
such as |ron Eﬁ cobal t nickel (N . )copper rutherliur_ -t
j

(RVO) rhb‘-‘d‘PEﬁ?P(’ hahﬁéﬁl‘%é‘f“ PRI &jthaAste cefA@l)ms ofrFHe@t nt (Re!), osnium

(Cs), iridiuum RiPh, ADRACNYPSadiR L e ambgjgsﬁle .-,rEAlA) aWeitgduction with K-
BEbH or NR4 BEti H- (wherein Ris an alk avin to 20 carbon atons). 20

These nanBP¥FTYERE BHESRRHFTFS SEé‘d“SBVFugtFW@d §UrEPeTIeyerasyi i t uni um sal ts of

the for MhAcRumBaNRA beritic thigigk) R R, R, R may be the same or di Ic
rent and are hydrogen, an al kyl having 6 to 20 carbon atonms, an aryl

laving 6 to 2@hchrisenc dtcopsdonar serall hiephrtici2 §arati wguBurt.o 20 carbon at ons.
Mai ne sur ﬁ%&ﬂ% §ang@,}/t isaéeﬁgal%elj{&glq tdai'ﬁm.S E«@Q!uhé g&{r&i donors preatet

thiar or equal o 1.5, greater thao ar equal to 2 oo Atso desirable, within this range,
it is penerally desivable to have grganic electron donors less than or equal to 58, less
15 than eor equal to 25, and Jess than or equal ke 15 nm,

Without being limited by theory, the choles of stabilizer has an effect on the
clectrical properties of the device because different stabilizers exivbit ditferent
dielectric constants, The digieclzic constant of the stabil:zing malerial surraunding
the metal influences the self capacitance of the nanoparticles in the matrix material.

20 For example, the seif-capacitance of a naked conducting sphere in a dielectric matrix .
with dieleciric constant « is |
Caphene mfrz g3y
where r is the rading of the sphere and 1 s the permitivity of free space, On the
other hand, the self-capasitance of a conducting sphere with 2 stabilizer coating
25 having dielectric permittivity, ¢.in a matrix with dielectric permittivity eu *and a
relative permittivity £-= &m fec I3

47E, £ al
b-afl—g)

Cnm'l v =rplrrd =



I n anot her enbodi nent, inorganic el ectron -donors are derived from
transi.tion netals such as Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag, Re, OCs, Ir, Pt
.and Au by stabilizing 14-their halide salts, halide conplexes or their
atetylacc: onatc (acac) conplexes rasing carboxylate salts of the type NR4'
R CO, wherein Ris an alkyl having b co 20 carbon atnnms, and Wis '
hydrogen, an al 1, an aryl or an aavlall;vl having 6 to 20 carbon acorns.
In yet anot her enbodi ment. m xed netal inorganic electron donors 5 may be
obtained fromm xtures of ttran iiion nmetal halide salts, their haiide
conpl exes 2 J b s I b, ; . di nent,
eIectrech3??8c%P%h?%ﬁﬁgﬁ?%ﬁagfﬁfﬁimﬁgﬂ?%igggFggngh% i éﬂ%qﬁ%iexes or the

acne comt*@%%f%ﬂn@ysﬁuwmjﬂ,ED%@a?ﬂ‘}ﬂ?@ﬁ?mrﬂamd&’da;citﬁm ioRegsrli@es, |1:, Pt and Au
are al so To ' ' t.ecaon .don using.a variety of
stabil i zeﬁ%%acsﬁmgfsﬁ%ﬁ&%%%ﬂ%?%% ﬁtlggéupﬁg'ﬁees,h%%% eft g“cr **10 ammoni um

sal t s andeidet anmondief eetplptitletine conapng afd uidliects oaganones general |y have

parti clse sia L%sl_ﬂof_ct;m_ 0 100 nm Wthin this range, it i.s generally
desi r abl e™¥8"Have 1'nergani c e.ectron donors greater than or egELal to 1.

5, greater thahe dectrendadort e @naratAtcsonidetik ERBYCticlYofdatrbdible: i S range, it
i's generaglny. desi :r:l?rptla?uﬁﬂm; e or ani c el ectron_donors |ess than or equaj
to 50, |eSE T5fREA S - Eqaal Yo s nddoibedst AEHe b it o 3 rim
W t hout  beirpeit lsigmiraity desirabila @OsY sm ih@nEH@hGRRfle, ghetlll hh&leghas an effect on
the ciectrical, r_acg%etét | es th the device because different stabiltzcrs
exhi bit diftere i BSE EPIC BOMe t-4TT BEeter iR Yrdtaberb e EConst ant 4f t he
Stab t10: ZkeY, Haseti) thatbiahbdigrBbiitrafilndistd desitaie witkinals fRfd wgnces the sel f
capaci tance of ﬁ[]he rkzil %g'ht étifll ;. in the matrix material. 20 For
exanpl e, CRETEE] ' SUPAEFIAHR 808t Valeri dhasdr eBta et b apHes&apn a diel ectric
matrix Wt duaiht@at 75 @ BRst @ithe bt WegE%rdE rax+ Wiere r is the radius of
t he sphere ang r is the der liltjvity of tree spoL.' QO On the other hand,
the sel f - capa&l*fEHRE BTSN EWitdiE treRg lyied tef-Ridehraatseliabi | | zer coating 25
havi ng di eh@eihid:sheponiibdthMirditaceRe, peritidroli@lifd, phetdid ardlie! ectric
permttivity E111 |and a
15 pertluorophthalicyanine, tetraphienylporphine, copper phthalocyanine, copper '
pertluarophthalocyanine, copper tetraphenylporphine, 2-{3-dieyanomethylene-
spirol3.5lundec-3-ylidene}-malononitrile, 4-phenylazo-berzene-1,3-diol, 4-{pyridin-
2-ylazojpbenzene-1,3-diol, benzof1,2,3]thiadiazale-4,7-dicacbonitsile,
tetracyanoguinodimethane, quinocline, chlorpromazing, tetraghenylporehine, copper
20 phthalocyanine, copper perflucrophthalocyaning, or the like, or combinations
comprising at l2ast one of the foregoing electron acceptors.
The selection of the eptimurm elecron acceptur is influenced b its alectron
affinity. It is possible to use one or mere electron acceptors 1o minimize threshaold
voltages while offering improved environmerntal stabitity.
23 The eiectron acceptors are generally present in the electric field
. programmable £l in an amount of 0.05 to 43 w9 hased on the tatal weight of the
film. Within this range it is generally desirable to use an amount of for example,
greater than or equal to about 3, greater than or equal to about 3, and greater than or

equal to about B wi%h, based on the total weight of the film. Also desirabie within



relative permttivity r = @nx t5 JAE ~fa~l CCatf~+ljO.~IfHa() - C) i5
where . a is the radius of the netal sphere and b is the radius of the neta]
sphere plus the coating. This can amount to a 21J%to 30%difference in
capacitance for particles having a size of less than or ‘equal to 10 nm

Wi th protective shells having a thickness ct |I to 2 nmand, for exanple,
dielectric constants of 2 and 5 for tltie coating and the 5 matrix,
respectively. The electron donors are generally present in the electric
field programmable filmin an amount of 0.05 to 45 wt o based on the total

wei ght of _the film. Wthin.thi r Jibo 1S: 9 ralh irable to. use an
amount of "FoF EAND Héﬂ,un‘gorfgegsttgééﬁrﬁ%ﬁ?ggg%qu%esttgpogﬁg%lt é6§,£§|reater than or

equal to abeudlek thandegmbatint thrari. byseegubd totapweibigwt th8titd wt | ,, based on
the total wei gj;t O[j Lhe film, Also cég}s'ggsabltg.m\:/\ic’ﬂtm@imrédtmh%gsaagge is an anount
of lees than of BRI 8 gBE =AD" IEEE ™ Rak "of equal” to-3bout 30, and | ess
than or egualatib] iladRlidve? handodfe dbaseaddanettve wilot:adt toeinghinenof the fil.m

El ectron acceptors include, but are not |imted to -hydroxvqu[noline,
phenot hi aZF&B"! @’,“‘féf—"“’cﬁ“f’ﬁg‘frﬂwvélﬁt FRE Rl ﬁg}?\tt@fzf’%w ﬁg‘%i‘clﬂ?ﬁe,

pht hal “cy agi@s on thboIRGLH bigikaq okt symnine: uhekiiapbiany bprs phi ne, upper
pht hal ocyani ne, copper perfl uoropht hal ocyani ne, tﬁﬁger t et raphenvl por phi ne,
2- (9- di cy 3RPHET HPRERTRFIOTSHIh BB  HFfEFB3E YF AT Ht°GRdni tri | e,

4- pi | enyi az@rheNzanes kndedeids attdodc e th Siabi: eBecl 8Z0NnRRAZENE- 1, 3-di ol ,
benzo[ 1, 2,51th iadiazale-4,7-diL arbonitri]Je, tetracyanoquirrudi nethane,:
qui r nol i ndSFTEE BFYRWHED] 6 Tt P FTBTYIEPEFhE 2 H PR Son0aipe plegipn

phti t hal 0GYapioREdors QREGKor PERIILMOLABALABH G U BIRE e RirmilABod thke, or
conbi nations. conpri s%gg at | east one of the foregoing el ectron acceptors,
P

The sel ect¥livat “of" THE S PPI=FHATEPEE! POFHRCEER D r o St FgRnedd by its
electron pffi.nity It is possible to use one or nore electron accela tors

to mnim7.e threshold
A wide array of denor-aceeptor complexes mav be used, Such complexss

-itelude, but are not limited to, tetrathiafilvalens — tetracy anoguitodimethane;

15  hexamethylenetetrathiafulvalens — tetracranoquinodimethane; tetraselenafulvalens
- tetracyanpgquinadimethane; hexamethylenctetraselenafulvalene —
teracyanoquinodimethaneg, methylcarbezale - tetracyanoquinodimelhane;
tetrametbyltetraselenofulvalene - iracyanoquinodimethans metal nancparticle-
letracyanogquinedimathane complexes comprising gold, coppor, silvor ar ivon,

0 ferrocens - tecracyanoguinodimethane complexes; tetrathintetracenae, tetramethyl-p-
phenylensdiamine, or hexamethylbenzene - tetracyanoquinodimethans complexes;
tetrathiafulvatens, hexamethylenetetoathiafulvalene, tetraselenafulvalene,
ﬁexamethylenetetraselen afulvalene, or ketramethyltetraselenofulvalene-N-
atkylearbazote{C: = C, linear or branchod) complexes: tetrathiotetracene,

25 tetramethyl-pphe.n}rlenediamine, or hexarmethylbenzene-Buckminsterfullerene Cu
complexes; tetrathiafulvalere, hexamethylienetetrathiafulvalene,
tetraselenatulvalene, hexamethylonetetraselenafulvalene, or
tetramethylteiraselenciulvalene-N-alkylearbazele{C: - G, lingar or ranched)

complexes; tetrathictetrarens, tetramethyl-p-phenylenediamine, or



voltages while oftering inproved env ironnerita | stabitity_ 25 The

el ectron acceptors are generally present in the electric field rcrS
ranmabl e filmin an anount of 0.05 to 45 wtd% 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 3, and greater than or equal to about 8 wM based on the total

wei ght of the film Also desirablemithin 16 thi5 rarige is an arnount of
legs than O e'LlUal to a bout 40, les-; t'h zLn O 0 Cual to abou t 30,
-md lemt t o abuut : ~2n the total weight of
the f |Irnhh KW%ﬁ?e cﬁﬁo“ﬁwéo%grrlzéegacﬁﬁ%h éesctLtlr%Ff ahgo--pt ars are to '?i e conb
ui ed in i hiQ@xsheRpenefeondhiiiaiehe cmaseichafusalbet | eved t hat sorne d onors and

acceptoc5 wll act to faormd ono tor | exas or,
al terpnatl v‘éqxvnﬂ%ﬁa}cﬁgaﬁt‘—'lfﬁ?%%%" sal ﬁ“&"“i’%@heérﬁ?e ﬁ?m f‘m;@acti on d- 2pends on

the c!.[ Qcskonr@kdiQl 1, Gheat i@rebhea] doaipidonersthibaeack:@ni zati on poteritial of
thi-I - acceﬁt or, kinetic factors SUChFﬂS activation ergies, activiation

ent ropi s EAAMHERHPFIENSEHaREE FhRE g bfé‘ﬁeé‘reé‘?t%g?’a&‘fefr}yrﬁﬁt able to n-Latrix

effec t5. fonichox@ficdhthiaRiMalehe, hex@mitpghebpanianen4s| y as a result of a rca
ct~on between el COct ron donors and e[ectron 0 a ccQptc rs, danor-acceptor

conp | exestEaRlepEEHIEheyaetinengepseeaulyaleng §8 fornul ation to adju st "oe

and " of £ {chashAldakahIragEs N a@fiubalko, QUL L8l Sl State cuTrents
and rhe like. A w de aTray of donor-acce-Ptar conpl exes 1.1 be used. Such

conpl exc; seeTNRPHIrERiofRcens R ITRERY FTRifeY wgdiagine. t“ét rat hi af ul val ene -

t et r acy; ;anQEui-ARALIIBL v DA ark cénpséxu%pes%&a&mk@ﬁdﬁ@&gm@&mn@f ulv~ilene -
t et racyanoqui nodi net bane, tetrasel enaful val ene

tetracyi on®did fﬂGE’PIH&#MY gc':%@(mmlw? enet ct rasel enaf ulvalerte -

te-racyanoqui nm&%@-@&mtéﬁgﬂgﬂﬁgﬂﬁ U.SL.L].CthE}-' are genetally present in [he
tf.-rncyl-Lc)gkjinodiiiie[iiat trc!traniethyltetrasel enoful val ene -

W acya- i oqbirrcﬁn@dﬂilfwuntﬂﬂhqt?dﬂ&wﬁfaﬂ?ﬂsqﬁ‘aﬂrl?dlrfatptﬂ edight ottas Kig. d‘i‘&tﬁb‘mﬂl nedi net h ane
car an exe. QFE{I no nerhlpvgip_g%lbgm M%%ﬂdn?&flf%%hn%ie, 'Lzlregt@r :11% ore A ucene -

te7racyanDC t hane ccinpl, --xes; tetrathi o~et racene
tctrnr I']T-‘5t hiA a-bg.tt 0.08, greaber than o7 equal to abeat 0. 1, and greater than or equal to about

0.5 wi%, based on the total weight of the fitm. Also desirable withun this range is an
amount of less than or equal to about 4.5, less than or egual Lo aboul 4, and less than
or equal to about 3.5 with, based on the tatal weight af the {ilm.
The solvent can be any liquid that dissalves the matrix material; the electron
20 denors the electron acceptors; and, optionatly, and the optonal donor-acceptor
complexes, Itis generally desirable that bhe motrix precurser composition orthe
dizlectric matrlx: material; the electron donars; the electron acceptars; anci.,
optionally, and the opticnal doror-acceptor complexes remain in soluticn for a
sufficiene period of time to allow casting of the electriz fielc 'programnahle Eilm.
L2 Accordingly, solvent systems that provicke kinetically staliie or thermodynamically
“stable solutions are suitable. In general, casting solvents should have a Nash point
greater than or equeal to 36°C and a beiling paint of 1207 to 300°C.
Suitable solvents include, but are nat limited 10 2, 2-dichloro-benzene, anisole,

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



p henyl ened iairnine, Dr hexarnethyl benzene - tLtracyanoquinod | -nethane
co rnplexesr te tratb |l a fu [valene, hexanme thylenete tra thia~ul val ne,
tetrase len a F-ra M3 | enw, hexanethyl eneteiraseten afu 1 val a-ler o0z- te
trarnethyltet raselenof LI 1V ACrLe-N - al kylrzarbazole(C, - Cl1 a, linear
or branchcdl, conpl exes. ~etra ddo te tracene, 25 tetrane

t hyl - p- phenyl enediarnirm or rne ffiVlberkZeTLL -B LLCL-nins terfull erene
Cu conp] exes, te tra thiahdVval Ener hemwanetl| ayiene t~~trathiafu | va | enc,
te trasel enaful val ene, hex&m thylene te traselenafu Ival ene, or ~e

tramet hyl tv ra .sehenpofityal puesdrally eapkadehet Graein i Qre dnpa N0 Lar a r
brn ridl ed) Cornp lexes, tetrathiotetraceTie, tetrane thyf -p-p henyle
nod iarninL, orfteEFThEndAEEt HATBRIF Y Necr srlinenpamdise nliEndsonpkexes,

etrathi a[ ul va @agy orR8XAREDNLENAE 1 @b bibAL WV BL&N ear or branched

t et rasel enaf ul val ene, ~ hexanet hyi enet et r nel enaf ul val cnc  or

tctrarnet hyl teﬁ‘ﬁ?éﬂ%‘ﬁéﬁﬁ&ﬁ?ﬁﬂéﬁéﬁwb“aWWcar baxol e(C - Cta, linear or
branc hed) COj’T'p] ar X@s one Eg{bﬁlﬁﬁ'lmt,(nmeélgcgg%&d !pmgragsmab[e film composition can

tetramet hyl - p- phenyt eneci anf ne, or hexarnethy'.benzene-tet;acyanoethyl en
cornpl excs, t ctopitiitafonainsgrditEnt th drameelindsbteredmatmalsiqregrul val ene,
tetrasel enat ul val.ehguahexapellulanet sliesslahd ksl \é@%.ﬁﬂ%mg{m
tetranetityltetrasel enotul val ene- N-alLkyl carbazoie(C -C a, |i1near or
branched) conplegssbnsirstratiiheedicrdtentiviphere shewlieyjng- phenv] ert ed” ; ani ne,
or 0 hexat zxet hykheRzeRama: G REAdkI m@gl@muﬁes}%la@srha@mgf%@mr?@§ conpri sing
at |l east one of the foregoi ng donor - accept or conpl exes. \Wen donor

accept or cofpl dxebsukppatyaedtis sigols tejen alrde] yhosylesdwyingrdott he  filmin an

amount of 0. 05 @ne, MdtRASRAL AltelhEpd BhpriRh SR Qs MG gRIpH. Wthin this
range, it is generally desirable to use an anmount "of for "exanple, greater

than or errua. 5%t 8 L 10 OB gt weedmts freare opmeljudhy'tendbout 0_1, and
greater than Oretbﬁg#ﬁlas ) 12 0QULs < P Baid %craﬁl&%%%gh&@qm%&{g%vwhght of the
unt o

film Also desirable within this range is an a ess than or equal
to about 4.5, [Bs¥rtamond bisudl =iderabdamoupantfitiioes sabgeainis or equal to
about 3.5 W96 DASAshy Whatde il AR NELA Qs Al iS ) Dhdes having 6 o

24 carbon atoms may also be used as surfactants, Within this cange, it is exemplary

te use alkylpolyglycosides with 6 to 20 carbon atoms. Tt {5 alse exemplary to use
alkylpolyglycosides having 1 to 20 glycoside groups with ¥ to 20 glycoside groups
more xemplary. Bthylene oxide - propylane oxide black copolymrers may also be
A0 uzed as surtactants.
Suitable quaternary amunonitm surfactants include compounds having the
formula
R
Fl"-NL—F-‘.“ x
LT
wherein B, R, R and R" are the sanwe or different and may be an alkyl, aryl or
25 aralkyl group having 1 to 24 carbon atoms that can eptlonally contain one or more of
phosphorus, oeygen sulfur or nitrogen hetervatoms, and whersin X is F, CI, Bg, [ar

an altkyl sulfate.



The solvent can be any liquid that dissolves the matrix material; the

el ectron 20 donors: the electron acceptors, and, optiosiafky, and the
opti ona? donor-acceptor conplexes. It is generally desirable that the
ma*.rix precursor conposition Or the dielectric matrix material; the

el ectron donors; the electron acoeau)rs; Wxd, optionally, and the
optional donor-acceptor cornpiexes remain in solution for a sufficient
period of tinme to allow casting of the electric field progeernrnable filar.
?5 Accordingly, solvent systens that provide kinetically stab] e or

t her rudvnai ni cal | stabl e sokations are suitable. In general, casting

sol vents shoul PUHERRAPIHEFARS LTI Yldemnan: prptehadogial 20 36C and a

boi | i ng pOItht:«mOim:J:QQQﬁﬁ Quf%ﬁ)f@@mﬁbgé:ab«l L%r]§.t9|l }{J?r@trﬁralfﬂ]t%‘l_t Gnes but are not
limted to'',2-clitihloro-ben7cnc, Allisole, m'xed xylene isoners,
0-xytene, PEKYEBRE? PO A W&T‘*EHH‘VW@F&*%@H&@@E%MWI atfess8 carbonat e,

N - CCU-RI, r%m%h ca:@tﬂgttchs andmu&thtg%a% h\ﬁmﬁg ﬁetE@ Jc.rbunnd 2 can be the
same or different and represent lutcitr, cyc ranc 5Ealkyl al k

Fl ene, af kywity 1 to Bedthydenl ogrle gpyHs. moi et es haV|ng 1 to 10 carbon atons, and

R i i h | h to 6 b t
5 1 one. enbodieht Aae w9 O nposi 11 on car i

optional | y gewrm &irmula surfactant to forma coIIO|daI susperlion, eatul:ion or
m croemul si cm conpri sing wafer or amother suitable carrier- Suitable

noni onic surfactants irscluude alcéhol ethoxylates al kyl phenol

et hoxyl ate9, and alkylpolyglycoéta's is desirable to Use al cohol

et hoxyl at es having, for exanple, 6 #0 to 24 carbon atons. It its also

desirabl e tgense h I fo le, I to 20 ethyl ene
R@.lnﬁﬁ Q'L ﬂ'@gm dg{l:ﬁﬁt ﬂbla'\él‘ﬂ%gdh oyl ﬁ<¥1 Ergftr:r?r&];?"lbon y

oxi de groups- AIIcy phcnol cthoxylates havin atons may
al so be”hséﬂ“ﬁémeﬂﬁﬁ@éﬁ&ﬁ#@amhﬁﬂeheﬂeﬂanpmewnahkmq@hﬁﬁ@@{)ebhoxylates may

be used aS}ﬁmmné&%%nkﬁungﬁéﬁtQF%Q%HQLHY P“roﬁﬁgpgletles have 8 to 10

carbon atorns and 1 to ne oxi W'thin this range, it is
15 exenpl aFympiynfphasing HetiogrRld: ethylene oxi de groups, Al kyl poly~]yco9ides
having 6 to 24 carbon atons nmay al so be used as surfactants, Wthin this

range, it is exenplary ! |
w—f—ﬁnm&—u

.
where B, B and B" may be the same or different and are each an alkwl, arvl or aralkyl
15 group having & to 24 carbon atoms that can oplionally centain one or mere B, O, 5 op

M hetercatoms, and nis 1 to 14
If the electrie field programmable film composition utiized a surfacrant, it is I'
generally desirable for the electric fisld Programmabie film composition to contain |
less than gr equal to 10 wit%% surfactant, less than ar equal to 3wt surfactant and
A less than or cgual to 1 wi surfactant, -
[o order to form the eleetric Beld prograrmmeable film, the electsic field
programmable Ghm composition is cast onto a subslrate and any solven! present is
then remeved. For spin-coating, spin speeds of 200 rpin w0 600 rpmm may be used,

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

n-butyl acetate at 20°C. Desired cvaporatior: tates ior casting solvents are 0.03 to 2.0



to use al kyl pol ygl ycosides with 6 to 20 carbon atons- It is also exenplary
to use: a]kyllioly lycosides having 1 to 20 gl ycoside groups with' to 20
gl ycosi de groups nore exenplary, Ethylene oxide - propyl ene oxide bl ock
copolynmers may al so be 20 used as surfactants. Suitable quaternary
rrulloni u-n surfactants include conpounds having the fornmula 25 RN }-14 "
wherein R, R, R' and k"' are the sanme or different and nmay be. an al kyl,
aryl or aralkyl group having 1 to 24 carbon atons that can ptlanally
contain one or nore of phosphorus, oxygeEL sul fur or nitrogen eteroatons,
and wher ei th is lF Br, |l or an akk%l sul fate. . 19 5uitabie aruornic
sur f act ant 7 FRTeHE V2PRINR] FALRL HARPIS T EH BE B2t H¥ Aeagaliel R Ahe car bon

atons, % Ok®{dretpbrhigunahe for BAWIPRYis G5d a4 «G B[ BQR. at oms; paraffin

s=ai fonates having.i to 24 carbon atons; cunene sulfoite; xvlcne
svdfortat-e: altRfgEERratesctiaithprosamauabaflegrisote skonsisland al coho et her

sullLat ea hgmg%r@bteqﬂrg;m@@gﬂgg,@vgﬁ@ggethwﬂmmgn4f&mgga DY, ene oxide grou ps.
e

Sui tabl e anphoteric surfactants include arn~ne oxi onpounds havi ng the
gener a] °f oFROPEIRI qge@mbeiimipdheelqmtric Reld pragraraglediin ees &nm aor  di f f er ent

arid are eaghndsh Aukiiic subltdhle b9 prils@ls ki &l%&ug{agﬁ}%, J}@ig@%mg,rhﬁo 24 carbon

atotni that can optional li; Cont ai n one or N het er oat ons,
Anot her cl B5%261E dipseisne blade carfard siot copting nohottiesnibediaieneathe conpounds

havi ng t heelfzc@zﬁdﬂﬂlﬁmﬁﬁmﬂaﬂé filhd composition ¢av optionaily contzin be
electrodeposited from a colloidal suspension, emulsion er microemulsion

10 comprising water or another suitable carrier.

Once deposited, the film can be dried using a convection oven, an infrarad
oven, a microwave overn, a radiant heater, a hard-contact or proximity hotplate or
other suitable heating device at temperatures of 10°C o 230°C, The time of heating
is for a period of 15 seconds to 2 hours, depending on the drying methed used., Itis

13 desired that the film is brought to within 10°C of the targat temperahite 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 wi%, with less than ar aqual to 5
with being exemplary, and less than nc equal ro 3 wt, oeing even move exemplary,
based on the tatal weight of the clectric field programmable film.

20 As stated above, the film may be used in a cross-point array. When the #ilm i
used in a cross point array, the electrodes may be electrically coupled to the clectric
fleld programmable film. The cross point arrav may advantageously include an
electrical coupling element. An electrica) coupling element is a compoment
interposed between the electric field programmable film or electrie field

2% programmable film element. Examples of electrical coupling elements are a bit line
or a word line. An electrical coupling element can provide ohmie cantaet, contact
via a conducting phig, capacitive contact, contact via an intervening tunnel junction,

contact via an intervening isolation device such as a diode or a transistor ar CONTACE

via othet electrical devices.



where R, R and R' may be the sane or different and are each an al ky, aryl
or aralkvl 1 group having 6 to 24 carbon atons that can optionally contain
one or nore P, 0, 5 or N heteroatorns, and nis 1 Co 10. If the electric
field programmable filmconpos[tion uti'czed a surfactant, it is generally
desirable for the electric field prograrnrnabie filmcorttaosition to
contain less than or equal to 10 wt%surfactant, |less than or Cgl ata]
toil W'r'r sUfat: tans and 20 lg@ss than or equal to 1 wt% surfactant, In
order to formthe el ectri c lzeU pro raYrrnable film the electric field p
rogia mnable fil ition is Cast. onto nd an v sol veni
present is th“”ta\"iﬁ“”fEp ‘Tf*é”ms{bls?{mﬁ%ﬁflﬁ dnatgepicﬁ?bgfbiﬁ‘ﬁgﬂtgFaZOO rpin ;o 610
rpm may b@aﬁaﬁdccesslﬁ&hﬁw N@ncsawem "aﬂyﬁtﬂo.{e&fzulﬁﬂ Wa:tne.se agre husimal |y ref erenced
to the evaporation rate of 25 n-buty gce%a e.at 2n E)e3| red evaporati or.

| aLCS for et thy s eanrli &e ﬁf“é‘“d“ﬁf?“ b o fs SY’?‘%’“&B’I W&nt evapor Qi ort

rate for Qﬁﬁl;&ufsh&'ﬂﬁcﬂﬁ ‘git Rat e b Bdier Eeﬂbi‘ahméﬁragqs]a The sol vent
evaporation rate for exanp is less than or ecuai_to Y.O 1In

manuf act Uity Pféf"%‘ﬂlé’i‘ﬁﬁr“irﬁ‘gfﬂi BlegePROYPAMTEBTE MTHFT BHt he el ectric field

programahl e, fi.| 59;%@&@%&54 o 261 AUS REIBQA%:0f 2 B AcLuri ng may be 5.
enpl oyed. I'n one enbodinent, the electric field pro rammabl e filer is cast

froma sochwmmtdusive Ve hatd st srriadanplit i pces subeas besithas spin coat i ng,
spray coatlfd, ks m%&%leﬁgm%aﬂn&pa&w@gmmn%@e“ §9ahi-ng and sl ot

coating- I'n another enbodiment, the electritc field programmable film
conposi ti Ohltblaa”pardptart@m I ‘§lbktbtmaaﬁhiﬁbe'lhr%iﬁe@tbrféd@psyl%éw froma coll oi dal
suspensi on i croemui sion 10 conprising water or another

Sui tab?tﬁe cgsrarr“?mg pmﬁlgs ep05| ted, the filmcan be dried using a convection
oven, en mfrdﬂmedlectow@rldpragmnw@m@mbmﬂﬁﬂa thexdiivamtielieat er, a hard- cont act

or proximt hot Qn[lc ﬂ%o%{np%ﬁm 6§Eu15;te§b E%Etp&@lrhggmggmla% ghlItslg_éterrperatures of

1CC to 25 eatin or I n period of conds to 2-
hour s, depﬁmhsmgda@msttrhg cbknytesn@eﬂedelmekrues_fedumhtmlmsmﬂﬁe Hlesitred that the film

I's br OthtmaE]t?plg\@ilth.i Bewcechaon«fmgtrpu tqglea [rllg‘ggretggn@ ! ?et .'&IHEC?STECQED. emfelseaSt

15 The [ollowing figures depict a number of exemplary embodiments in which the
vlectric field programimable film may be used. Figure 1(b) shows one exampie of a
CIoss paint array having a single electric field programmabte film, 2, coupled to a
first electzode, 3, a second electrode, 4, a variable program,/read voltage source
connecked to the frst electrode, 5 and a reference or ground commected to the second

20 electrode, 6. Figuee 2{a) shows o cutaway view of a cross-point artray data storage
device with a continuous electric field prﬂgranunab[e fiim reprezented by 7, an array
of word lines, an example of which is B, an array of bit iites, an Exaﬁpfe af which is
% and the electric field programenatle film element 10 formed by the interposing
electric field programmable flm 7 at the intersection of word line § and bit line 9.

25  Figure 2{b) shows & cutaway view of a cTogs-point array data storage device with a
plurality of pixilated electric Beld programmabie blm elements represented by 1L
Each electtic field programmable film element is elacteically coupled to a word line,

exemplificd by 12, and a bit line, exemplified by 13, 1n addition, there are a plurality



10 seconds to 5 m nutes, Whatever the nethod of drying, the final solvent
concentration in the filmis less or equal to about 10 wwt "0, with | ess
than or equal to 5 w % being exenplary, and | ess than nr equal to 3 w

bei ng even nore exenplary, based on the total weight of the electric field
progran-unable El m 20 As stated above, the filmmmy be used in a
cross-point array. Wien the filmis wused in a cross point array, the

el ectrodes may be electrically coupked to the electric field programable
film The cross point array may advant ageously include an eledtrical
coupling ele [ i nponent

i nter pose L%ef \/\/‘éﬂ'1 muﬁlﬁg me%té{srl C # %p%aﬁgg%ﬁa%wﬁﬁ eﬁ%c—g—g electric field
25 progranﬂimd)h:eg:fairdnﬁhlermmmelﬁwamuiees of el ect-rical coupling elenents are
abit line or_a w? hAntedectrl U%og[mam jlLement can provide

ohni ¢ cont act, "¢ %’P“w?ﬁsé A condect nb“p &g, éagacfil ve contact, contact
via an i nt@mpﬁﬁihglge&nwmml progiffinniim ad);(nﬁhtactprmmecam lentletrisghi ng | sol at i on
devi ce such as _a diode or sistor or cont via other electrical

devi os 52 TN BREPPFHPTEY HE oNGT EXFEGYT L& EORTECHTNE  So gc~s the
desired bi fonhfitidns, AR ALCOEE. Mk BOfWA iflBMikGRgrdat ioirBamtlts0 -al l el i the
select line. When the word line is asserted, .the bil can either be read
or Wi ttensen%ﬂ“qrﬁ’é‘“d%\ﬁ“ég‘ePgll%gl?ﬁct“f”é’fﬁr 2% Bpre Pl hogs aFERERon of ' "wor d

Li ne" or mgmﬂnluﬂsém&;%&nbﬁm@&[@ﬁerﬂa{&%«m@E\@@&;@Iaém pRhAYleififma 5 ' plurality
of word lines arranged in essenti al arall el tashion. Abit [irwe is the
conduct or 6?%‘@%%@5%%?%@%@%6&&%3 il weriphie WEEMRRIY bit in a random
access 1o MefPiN., SeNaCE uxempB@w bASInWOE Orlel-RB 1k ficld ASSERLEH. rilhe bit i:s
se]ectod and can be either "read or witten. Wien the device is.s

- me- r i cai sleminds Fe-deryivally onritt o thpgrerprfingit ies. ceppbiqdiiydhe can pe arbitrary
A bit "neca%héc%xn amamn;o%aﬁ bibes Ofn Rirdpid BN L AROG7 R 1O essential Iy
paral l el fashion The electric field pt ;rarnmable film obtained fromthe
el ectric ffelhe elagirgglvammndis d‘ﬁffrqsﬁﬁ»émé pimpejs efriwné#ﬁﬂ peradedloin el ectronic
menory and %y}ntfuﬂ ﬂgweg@#ﬁ%}rﬂ{ms%taﬂd 8k 04RO 108U hEL Sy wsliRSE devices may

contain elt a Sl ng
15  address the individual bits and amplify the signals obtained frem thern,

Figure 4 shows a cutaway pareially exfxladcd view of a stocked data stotage
device on a substrate, 31, comprising a first device layer, having a vertical line array
with a plurality of conducting or semicanducting slectrodes, exempiified by 32, and
an itwsitlating material having a dielectrie comstant, 33, an electric field programmable

20 film, 34, electrically coupled to the cordduacting or semivenducling electrodes
exemplified by 32 and the conducting ot semiconducting electeades, cxc.mp]iﬁed by,
35, in a horizantal line array with each electrode being isclared from its nearest
neighbor by a_.n. insulating material having a dieleetric constant, exemplified by 38, a
second device layer, separated from the first device layer by a dielectric insulatnng

28 layer, 37, having a vertical line arvay with a plurality of conducting or
semiconducting electrades, exernplified by 3B, and an insulating material having a
diEl'E-:t.!il: constant, 3%, an electric Hebd pregrammable fHlm, 40, electrically coupled to
tle conducting or semiconducting electrodes exemplified by 38 and the conducting

nr semiconducting electrades, exemplified by 41, in a horizontal line array with each



ncaljtiple filns- Devices hav'ng multiple filns are generally terned stacked
devices 15 The followi ng figures depict a nunber of exenplary enbodi nents
in which the electric Field programmable filmmy be used, Figure 1(b)
shows one exantie of a cross point array having a single electric f ield
programm ble film2, Coupled to a First electrode, 3, a -second el ectrode,
4r a vari abl e progranl -ead vol tage source connected to the first

el ectrode, 5 and a reference or gréand coruiected to the second 20

el ectrode, 6. Fi zre 2(a) shows a cutaway view of a cross potnr array data
storage dﬂ g&aﬁmﬁ%&'ﬁk{%@n@ﬁ%&r%& ﬁkﬁktﬂwg%ﬁe’?&%ﬂ%?am e fiirn
represente 7, an array of utes, an exanpl e of ichis 8, an
array of bqiitleqtmmsﬁtﬂﬂaﬁx@)@iﬁﬁ@%f which is 9 and the electric field
prograrnnuzbl e electric field
pr ogr ammabl e fllnlg'gl%;1 %'E}ﬁg&qt%?"{sg%&g??‘é%g%#i%sEH%LSIEF ?\%ﬁ ngrnd bit line 9. 25
Fi gure 2(b-)m]sjnbﬂvsscaureummlmwwmucaaanpmem pansn@zyd data storage device
with a .plu ixilated electri X r filmelenents
Fepr ecent edtBg b o nelrcfe Pt SLBRLLIE b ifahath BT Reel erent | <

el ect ci cal &o}aplemuuphcef&sttsmrfea:c mhﬂ‘:ldﬂi:ri‘{ldi;ﬂd peigﬁ:ﬂﬂii'ldbfelfﬂ’td elbmcritzr,ad @and a bit |ine,
exenplified b1 1 o dltl? ttthhere are a foturlaltrlt 22 of electrical
coupling clEFRHE® fSEEEeIxe P B T oTE PR PO e T 5dt eer, the electric
field progpagamblage find meandmt»harewmﬁ slab iR Sata o GE¢ w3 @)nSiBOWS a schematic
diagra of a cro otnt array device conprising electric field
programmb‘?‘é’%“l’?ﬂ“g ? ™ represented by 16, electrically 5 coupled to
anexembaxybi t lHPIE,D]H-IPa,nd an exenplary word 10c, 18, via exenplary con
.rnect bons, 19 and_ 20 ectively. Also shown in block diagrans form are
the sensing el @’c‘flflgr}lT‘&JsP‘r{)Ql and the polling electronics, 22. Figure 3(b)
shows a schemat jicr vai.agaam of a cross point array device conp rising
electric field programmable film elenents, an exanple of which is shown by
23, electrical IV Bdpied to an.exenplary 10 bit line, 24, and an exenpl ary
word |ine, wier n-1 IREmOLARGFIC duk@hdr REQERANIAD LS 1f3b|:£TlI-le‘i‘fTE@tS are
electrlcally coupled to their respective bit |ines, exenpllfled by the
connectf onhHows ingfrzy; ¥ = sertion fioh ded’ is aift ehelfrbr Be19f which is shown by 27

and _ prograrmmabile film elements arrayed in essentially coplanar fashion, and Tis a
dielectric insulating layer.

In addition to single layer mamaory steuctures described above, multi-lavered
struchures such as those shown in Figures 4, 5 and & may also be constructed. While

20 the figures indicate ondy a few device layers for simplicity, a larger number is
cemternplated in accordance with the appended claims.

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

23 Isolation layers af this invention are intended to isclate the varions device layers
from a:m.e another electrically, capacitively, and, apticnaily, eptically. o addition,
the material must be capable of being etched 50 that via holes can be ':mpartraﬁ for
the purpose of interconnecting the various layers, Inorganiv isolation materials such

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



further electrically coupled to thctr respective word |ines at 28- Al so
shown .in block diagramformare the polling electronics, 29 and the
sensing electronics, 30 used to 15 address the individual bits and anplify
the signals obtained fromthem Figure 4 shows a cutaway pareially expl oded
view of a stacked data storage device on a substrate, 31, conprising a
first device layer, having a vertical line array wth a plurality of
conducting or sem conducting e[ectrmdes, exenplified by 32, and an
insulating material having a dielectric constant 33, an electric field

programmable 20 ¥ LJ}@ teﬁﬁ%‘;!ﬁe&t ri :ﬁ%lré ¥ G0 mﬁ;dm;c?n Es‘%ﬁ"i grgenducti ng or ing

el ect rodes exen)pT g conduc ing o hducti ng
el ect rodesntanmmﬂqu&eualdthynke ard Dgedifor iais hmpmzom’raahn&rl Budf&aAy W th each

el ectrode bein hl snl Zﬁ'ed fro its neare hbor by an insul ating
mat eri al  hSFHG S di et Fere ESHHSéH’f‘"““é “}“H 8% BP3BE a second device
| ayer, separloairshdvirgm-Cheikirdesahstit@yt, Gebsti@ta kisbyuiokan@di IRk@E LI C i nsul ating 25

layer, 37, _h ng a vertica i he array V\nthaplurallty of conducting or
set ni coﬁdugi"a% %ﬁg@&f?“gﬂé@l S“E"'BE‘%H‘BH fPEROlBYrSERANGE an | nsul ating material
having a dh@ieedtiyens pRgtads, mdtheiah el ectric field progrommablo film 40,

electrically coupled to the conducting or sem conducting el ectrodes
exenpl i fied by""S89H THFHRURAGETS Y B s iPEdnBietrrgiBrect r odes,

exenpl i fi edsilycofthet didde Ar2@HiszOMe kidk déacmd ard @Mumﬁku%@& el ecrr ude
being isalated ftomits n3areo T=ghbor by an k= Tatir g inateftal

havi ng a #féreBrid clegiqdet st jhared bargasnpiers agrpye womplifisdgeneTal , the

hari zenpa! Fig{iﬂe @e%estg@ﬂkéeﬂ'ﬂ‘ébmes\éﬁrdt@ﬁﬁlmhu@ ﬂieﬁatﬂ'lelz |:1$ ﬁ %Sﬂiﬂq%ﬁh Q her
wi t hout direct physical and electrical contact, ereln at each

preruj bod B¥ratlededchs wardgne sghasest hepensn adiacndield Daasehnanablee‘ﬂml cal line, the
hori zont al ;L4 ne is electricauy coupled to the first s urfacc of the el
Qtric fiel d programmable film elencnt and the vertiral line i~, eh-~ar
icafly Qoupl e 8i5iwg Stshrvss culayeiprsi s expleuled e vga %ﬁcét}’td“ahmttfmml d progranmabl e

filmelenepi,an Mgggsrug;t agc 23, ¢ i@gﬁf‘v% @5;%%% dsg%ma Lora dfgv ce conpr ises a
configuration se ted from i
13 device layer comprises a vertical line array having conducting or semu:onducting '
lines, exemplified by 44, in contact with a conducting or semivonducting material,
exernplified by 45, having a different work function than 44 thus forming a consact
divde, and insulators having a dielectric constant, excrnplified by 47, an alectric feld
programmable film, 46. and a horizontal line array comprising conducting or
20 semiconducting lines, exemplified by 48 and Insulators having a dielectric constant, -
exerplified by 49. The diode comprises an anode comprising & metal having a W{JI];E
Ainction between 2.7 and 4.9 eV and a conducting polymer having a work fanclmn
greater than 45 eV, Portions of the bottem surface of 46 are electricaliy coupled to
the lines, £4 via the contact diodes formed by 44 and 45. Portions of the top surface
25 of 46 are electrically couplied 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 amorphons
silicen, p-doped palycrystalline silicon, n-doged paolyerystalline silicor, tantalum

silicide, ttanium silicide, tungsten silicide, vanadium silicide, palvacetylene,



[ VPHD'L1 VPIL JHPVF. H and [VP1li P'." V, where n-1 and rn
repruse t the nunber of repeating layers, n =1-32, rn- 1- 16, His a !S
hori-zontal line array, Vis a vertical LnQarr@y, 11 is;~ set- of
elecLric field programnabl Elmelenents arrayed in ssentiaHy opkmax
fashion, and Dis a dielectric insulatuig layer. In addition to single

| ayer rnenory structures describM above, Miltl-laycnd -9 tTvc ta res
"Endica Le only -t (ewd e vice 1.®Byers f or Sinp h 6 ty, a larger
nurnber is contern pla te in accordance with the a ppende d clairns

Figures 4 P@fé‘sg}-émé P&%&E@,%%i&lb%e%d&'ﬁ(ﬁ%—aéﬁ@%ﬁ:&ﬁﬁoﬂﬂi&wﬁ?%oﬂ ectric

i sol ation tetraethylorthosilicate (TEQD or other silicate, silican nit
ride. sil iP8%; prlydpardyphenyiens). gely{prtiditgrrdolpmrel. osividererand the |i ke are used fur
.hi's Purpase.. In iL1Lon, . i ' 0 o 1 .spl ation materials
such as S-&Gﬁ? %?Yia%gg‘gfeb%g %ﬁ%g{? %h@ Conpr i éa%ﬁg%%elb‘lpgiya%ﬁjggghavi ng G -Gin
- al kane subpstykdrbizblepelyvirsitsspdtruteed poi (p-phemplhne xdivtes phipgtienger€, 5 Coo al kyl .
aryl or_al kyl ar?ll bstitution marsmhcom)ri si ng

}rg [

) uigv:ldm u{: acenaphil! ].F'.I'IE:IEH ?frp%ﬁloj!:‘\fu a1 . L .
t et r af | UorrSEERYFENR YT FRITdes, S T RE T TKE 'S4l ati on of individual bits
al ong, f orpoBxephRetierphens\eylgp-hidregliseaetanpphieatiecdpoluBiraagocont act di odes truc
tures of the kind described and shnvn in Figure 5- Stacked devices in
whi ch el ecYFY¥8E" are shared between device | ayers are exenplified in 10
Figure 6_ Thesgmusd iakRd st i @Saddydodl, 8 bdcaglbesberyd, kolahatroinhey do n a t use
i soi atioct |ayers 3 i nst ead, the wor ﬂ line is shared between adjacent fie
[d progr arfffebFraerieg fer Paperd g filgh e "grigidid= g “coRFallay par ti al Iy expl oded
Vi ew ofp a s6dAL KBkhe UbiombRi-AgferidRie 6R AVINE GorduGkPst rate, 43, a first
device | ayer and a second device layer. The first -15 device |ayer
conpr i ses YERFEMRLFEZInts; FemRIGeA 7Y Falfi Ry 81 aSt19HE 8P seni conducti ng, |i nes,
exenpl | }‘ | admPdhdéting nhtE QAN ERAGH; M LR 58 heQROLG I RE woF: ARl sahduct t ng .
mat eri al ,
51 thus forming a contact diode, and insulators having & diclectric constant,
exemplified by 54, an electric field programmable fiim, 53. and a hocizontal line
15  acray comprising conducting or semiconducting lines, exemplitied by 35 and
insufators having a dielectric constant, exempiified by 55, Partions of the bottom
surface of 53 are electrically coupled to the lines, 51 via the contact dindes formed by
71 and 52, Portions of the top surlace of 46 are electrically coupled to the lies, 55,
The first and second device layers in Figure 5 are shown aligned with one apother
20 but can be offset to facilitate intercormecion. \
[nn Figure & is provided a pactiafly expieded cutaway view of yet anather |
stacked data storage device comprising a substrate, 57, and three device layers. The
First device layer comprises & vertical line array having conducting or
samiconducting lines, exernplified by B8, in contact with a conducting or
25 semiconducting material, exemplified Dy 59, having a different work Runction than
5B thus forming a contact dicde, and insulators having a dieloctric constant,
exemplified by &1, an electric Reld programomable flm, 60, and a hortzontal line

array comprising conducting or semiconducting lines, exemplified .b],.' 62 and

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



exenplified by 45, having a different work function than 44 thus formng a
contact diode, and insulators having a dielectric constant, o.xk iplified

by 47, an electric field programmable film 46. and a horizontal |ine
array conprising conducting or 20 sem conducting lines, exenplified by 4E
and insulators hav'sng a dielectric cnnstani, exenplified by 49. The di ode

conprises an anode ronprisi:tg a netal having a work function between 2.7
and 4.9 eV and a conducting pol ynerzshaving a work function greater than 45
eV, Portions of the bottorn surface of 46 are electrically co ipled to the
| uxes, 44 ) Qns of the top
surface  Zrar ol oMLk b AERp I RES o A-FRE: R BRSNS

sem conduc®iang>9. ifegnyd ttered duyfacoil irs gectreaiadoepledite tseiogcied f rom p- doped
silicon, rgl ob&d. EA% scon, p-doped anor phous silicon, n-doped nrnorphous
silicon, oped pol'ycrystalline s!licot , n-doped poI ycrystal line sEficon,
t ant al um SI I |'ﬁ‘iecbef,ond ﬂﬁﬁ‘&ﬁiamuﬁsﬁm&lcmpﬁsmgs{a&ﬂ h&didohal ige acranadi um

silicidg, p~l rrol e, Ivan irie, poI thlophene

pol y(3r2- e¥ fﬁﬁ ¥6Ex§’r‘ie 55 'Pé f—"‘ﬁﬁfﬂmc G ‘fﬁ Bfryi ene) ,
pol y{pyri Cﬂzrﬁ'ﬁ)i,msuhtﬂrylfauﬂﬁgl;lmieﬂﬂt Wnbﬂahﬁll’ﬂ&ﬁpfmed pphya{mﬂﬁceremew nyl ene,

pol yscl enophene |-na hthalene azul ene, pol ycar boaol e,
pol yi ndol “’W’BS‘FVE@F% 'f)éndaﬁﬂ (lﬁ’eﬁﬁ%}nS?F‘EH%“ %‘Wﬂcﬂ’é%m poi yphenyl ene 5

oxi de, polqymttbﬁtaimﬁgamepeieﬁﬁm&@m iy bRREAlH & condRlidd &Ot hi anapht hen e,

pol yrt apht hot hi hene oI % dr o- qui none-al t -t hi opherie) or
po] y(furarfeﬁ‘ffm% %f ey S e haripm & AR B e PRcitbtay form a

second 1blevisCiiud amagatas@h&n&@ Al HeQlacctNRihl b dhledBVicGgadiayer by an isolating
film 50, having .a dielectric constant- The 10 second device | ayer

conpri ses eée’ﬁﬁlfflﬂflc?ﬁﬁg |FeHET SR (P R Piéet ikt eé ek fitraly cougledictbhduct i ng | i nes,

exenpl i fi edp Bykraed,of il m@@mtzap&mwsmh@m%qmeu%ﬂnﬁ.lgrlemn@@ &@E&QUC“ ng
mat eri al , exerrpllfl ed by 52, having a different work 1on than 51 thus

forming a '€&itaet Strode congaRCHipdes (eSS il itn Jhehndizeitedine ieyconst ant |
exenpl i fi eghubyising he 3bhdGhBE bf defmibh &l-tn DRI kAIBRL B eld biNs (R3.a and a

hori zontal Lure

15 by the first and second device layars,

The third device layer in Figure 6 comprises a vertical line array having
canducting or semiconducting lines, exemplified by 66, in contacl with a canducting
or semiconducting material, exemplified by 67, having a di.[;'erent worls Bunction
than 66 thus forming a contact diode, and insulators having a dielectric constant,

20 exemplified by 89, an electric field programmmable fim, 68, and a horizontal line
array comprising conducting or semiconducting lings, exetnplified by 70 and
insulators having = dieiectric constant, exemplified by 71. Portions of the bottom
surface of 68 are electrically coupled to the lines, 66 via the conract diodes formed by
&6 and 67. The third device layer in Figure 6 shares the electrodes exemplified by &6

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, contiguons, 7{a), and exploded, 7(b), views of a
portion of a data storage device in which the memocy elements are isalated Ly

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



15 array conprising conducting or serniconductirtg Ines, 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 dinde.s Fornmed by 51 and 52. Portions of the top surface of 46
are electrically coupled to the lities. 55  The first and second device

|l ayers in Figure 5 are shown aiignod with one ap(itlw 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, i T f . ' I - T first device |layer conprises a
verti cal IFﬁ%ng?EgV'E%v?ﬁgﬁ¥%ﬁgjgﬁ¥ﬁ%§gp Q%Sﬁf%%%ﬁﬁ%?ﬁﬁgﬁrines, exenplified
by 58, in bmneaopliedih?ha gardwed mairg forisobing eweeondiudt i ng materi al ,
exenplified b havin i fferent. work Fynction than 58 thus formng a
cont act diBﬁ§¥H§%beF%%ﬁI%?%?giﬁgﬁﬁgﬁhé“ﬂ?ﬁFﬁ%¥?IFE Bf¥tant, exenplified by
61, an el eetemiplifidibe Fél apt @gdaunpd semitdrddigting Qsordlivds, a7, Baktzhakal |ine array
conpri' 4i conducti,ng aqr_ sericonducti, | utes, exenplified by 62 and

nsul at 8r s HAG [ At e ALE PFEmEBe HEHemesiie T £ TFURIS5Y 88%¢Por {1 ons of t he
bott om 26 suiif1aRe 7D for®@n arrsy & leBhdr Galeh, wHeaWRhad 1 Robbe:! i nes, 58 via the
cont act . di odes forne 58 and 59 Portions of the top surface pL 60 are

( roed b . _F
eIectricaIFV”@%U%?&H“?B%FHE“BEF?Hﬁwﬂﬁ?ﬁ%S of the lutes, 62. The second

device laver i RdkieghEen IBRIRITISES bl S oS@iE: QM 4 Raleah fi%éu@@z_ array a as the
first device | aver, haV|gﬂgconduct|ng or sernicartducting tines, :

exenpl i fi etPdpieadres isolzm phbefeiecsd it mam Argontizupe oy el agbnBisant , exe

ap[ifiead byof3ne Ahe WoRfldel f dehhidhis %Qwﬁméwmf&mudg% and a verti cal
| ine array conprising. conducting or. sem conducting %nes, exenplified by

66, in cont<EBRe{y by B otfduet| figsioid vadlega for rdladtd wigrfmat e- i al , exenplifi ed

by 65, havidfghfesd fib €58 Rka o korEHOE LLI0De L1120 51058604, thus forming a contact
di ode, and inulato;s having a dielectric constant, ‘exenplified by 69.
Portions of thEnbaethednisidRaresugt arguaretab bcloriiopd inyrgewuplided to the top

surfaces Ofn &gt thi: HESrodBrioR0 itlela0PSin0f odhEoidc AR nol {268, 0%, 04 are
electrically coupl ed
15 film, This can be accomplished by ailowing the metal of the electrade o form a

nabive oxide in air or, more actively, by oxidizing the metal electrode in ozone. In
this way, the twa electrade surfaces ane electrizally coupled to the electric field
programmable Blm in different ways; one is electnecally roupled via capacitive
coupling while the other is in direct contact. The oxide coating on the electrode must
20 be sufficlently thin to enable charge injection inta the electric field programmahble
fibm via tunneling, hot carrier imjection or clectron hupping, For example, aluminum,
oxide, thickneszes of 0.5 1o 3.0 om are used.
Another method of producing such an asymmetry is by using metals with
differing work funchons. The work function iz defined as that eneryry required to
25 remove an electron from the surface of the metal to indinity. While different ¢rvstal
faces of metals and other elements exhibit different work Functions, the electrodes
uscd on the electric feld programmabie films are poiycrystaliing. Accordingty, the
work functon comprises an average of the crystalline farms in canlact with the

electric field programmable film. By way of examgple, consider an clectric Held



to the lines, 66 via the contact diodes forned by 65 and 66. The hori zont al
[inc array, conprising the conducting or sem conducting |iner, 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 co r3ta;;t with a
conducting or sem conducting material, enplificd by 67, having a dif:e

rent work Evtnction than 66 thus f#¥nning a contact diode, and insulators
havL--1g a dielectric constant, 20 exenplified by 69, an electric field

progra: nmgtn%mtmrhﬁlaegﬂhﬁ% coffdeh Vgﬁhn?%iélérgfggl@‘é?]eclrrh&gm oftt L80! | sing conducting

or sem con ting lines, exenplifti 0 an I nsul at ors having a
di el ect ri celeorrotatit Vi xahplithe] sbdtryle ofi the ofgr 0§ -om=\6f Iithedodaatd om  sur f ace of

68 are ele i . oupl li.nes 6.,via the.contact diodes forned
by 66 andgégil?%%ﬁrleextﬁrf’%eﬁﬁe%%%%h{ggvgirm e L%‘ilfr“é%ms Eld E%D?He el ectrodes
exenpl i fi editbyheGhudibumiekhrdlhieigatomddd @vintenihdy ef thviawHhd biad?0r t i ons of the -
top surf.ace of 68 are electricall upled to the bottom sides of the

| i ﬁes, 70. vﬁl?aéﬁfe@mfedp*? ViR etéff Dirlns%tﬁf”g%fﬁg&ﬁﬁ”im}m‘sf(“ ' and expl oded,
7(b), Vi ewsevafse Bias plitdciremisaf toampat eSHIOTREE AAemE R tafkité¥ hi ch the nmenor)r

el enents are isoLﬂ&t ed b%r Jh“f‘ncrbifr{'di des. A,ﬁﬁ-’t‘yf)e sen conductor, 72, is
used- as t hEFTFEAEEE™ i Fh 1A Vel 8% #27 P Bre™ {anrenalerdla® exenpl i fied by
73, a plur glizinh hibdsa ﬁ&ﬂﬂﬁxptﬂ@ﬁlﬁﬁbﬁ%ﬂmét&li‘ﬂe‘ﬁ&ﬁmlptﬁ, ir, Wi @, an@xenpl i fi ed by

74, a patterned matrix for isolating the electric field propsanenable film
el er ment s, Tyshib vk petiops gEpaer B g Anmabl e film el enents, exenplified by

76, andoconductskii gndfer S8 GaRMbEL ARG HAEH Bedcb @S prishly 5e®ACh i N contact D
with a row of electric field dprogranunabi e filmelenments- The pi- regions,
74, and t h& 9§snypable flmpls ko migoduccRpiachdliades ugpe gfapis sindpstermanti odes, whi ch

el ectri cal kymibanahabe. lRdicRALRNMEALLN LS. § RbmdnGRE DNGiganM, Bl-gicari |
addressir, _Addressing an individual bit in a cross-point”array such as

those in FMjitei®p2%nH?3nd egbr pEGe weraerohy oinshieesedcect ed bit Fromthe
cont i guous rRhfcS 2@PardiB! In B8 (RS c!?ddte%:ugppgs@el L%@GIk%néi%n&@&iggl ine. In
an

general, this isolation is effecte y 1 ntroduci ng
13 polymer such as poly(3-{2 -methoxy-5'-octy| phenylithicphere) (POMeOTT) (& - 3

eV} in eontact on one side with an Al clectrode (@ -~ 4.2 2V and on the ather side
with poly({34-ethylenedioxythiophene) doped with poly(4-styrenesulfanate)
(PEDOT = PS5 (b ~ 3.2 eV), which, in turn, i3 in contact with an alymingm
electrode. In the device POMeOPT (s interposed between the eleciric fisld
20 programmable flm and the metal electrode. Aluminum ot some other metal having
a airnilar work function electrode such as copper <110 (D ~ 4.5 £V is apphied to the
oppoesite side of the elertric feld prugrammabf;e film. Other urganic conductors and
semiconductors that are used in this invention are doped polyantiing, doped
polypyrrole, polythicphene, and pelyphenylene vinylene, In additios, one can use
25 indium-tin-oxide (JTO) to introduce an asymmetey in the “o0" and “off” voltages in
like manner to the above examples.
SHll another way to introduce an asymmetry in the “on” and “off” voltages is
to plare the device in contact with a serniconductor diode of the kind shown in

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



asynrL-retry in the "on" and 'off' threshold voltages for the device where
t.he magnitudes of the "on" and off' threshold voltages difeer

ARni :icantiy. One nethod of producing such an asyinnetry is by formng a

i norgani c oxide on one of the electrodes prior to the deposition of the
electric field prograr:tmable 15 film This can be acconplished by all ow ng
the netal of the electrode to forma native oxide in air ar, nore
actively, by oxidizit g the metal ekectrode in ozone. In this way, the two
.el ectrode surfaces are electrically coupled to the electric field

progranut tble film.in differen s, one i, electrtcally coupled via
capaci tive QEEIODE'S]E}EF%Ef‘I Wﬁ’fﬁﬂew%aeft‘eé)%ﬂ%%‘rt "”’i”%f’?’h“eﬁf“?t%% GRt°a&¥=ct*the oxi de
coating on ﬂub&erhedthﬁ:ﬁﬂd}d&grﬁﬂdﬁﬁbléﬁarrheel&uicfam}can@%s‘lﬁd ¥ teRbidcd Q1RNAbDI € char ge
injection into élﬂe el ectric field programmable filrn via tunneling, hot

. . pr ogr ,
carrier injBEFPHRE BFRICEEHPOHE HOHRI PMEgeletgte BTN e chdiifienum  oxi de,
t hi cknessesdedfe ol 6: Prolcd oA RHSa 6 AN oL et methad ohaRgo du ring such an
asymmetry is by Using netals wth differing work functions. The work

function®is def el B dmat €erigipniwgul peu bt épscribgl indrpiis tam el ectron from
the surf acemfuib1BamBied! i 1R drfoutdlbd dam M dnQolinf %&&ﬁ@&:e%&x%@' faces of

metals and other el enents exhibit different work functions, the el ectrodes
user on thehelcebyrigk of thatlact il ravmemmaty @ofcotawitanenipei yerystal | nc.

Accor di ngl Yo ndlI€e e f UN--won conprises an average of the crystalline
forns in contact with the electric field progranmable film By way of
exanpl e, consi derrah lel-ed ppjopartivled wetPBTbesiagd arreb leepbratum dsmg@ont act with an

al um nuny el et 1096, 000088 LOBd §dimied L2 el .ggl ron-volts (eV)) and a
ni ckel el ect r?&% on ;h% Sther gr oo g ?NHL%@% ﬁt'eaq'f or hard 1E\bi as i s de&ted
as proceedi{HEFFbAY mibbted (mhieaumveblbtr @62 promt [geHAaLCkeH2z@lect rode, with

the alumn t ; e he, itude of the forward bias S
aé[ﬂl@i £ELEAAENSH ROLIS SAAGC, 50S: RN

voltage required to initiate state YT aRer t han t he
magni t ude dferHe(s eqeivie Thembinas wyolijoagely squidried Hoor. Inposeicthe:" of f ' st at e.

a1 Coxhi bl ToSerke b R Rl e e i bt 8% wot k funct i on o
appr oxi #at ekapltByg edutdiundvadstirre@ior HF finuMs (iniRgt r@vmtkernperature. The
solution was then stirred vigorously and 50 ml aguecus solution: of NaBH4 (0.76g, 20
equiv) was added over a peried of 15 min. The mixsure was further sticred at room
temperature for 1 hour (h). The crganic p_hase was then collected, and the gold
nanoparticles were precipitated by adding 400 mf metbanol, The black precipitate
20 was separated from the sotution, 20 mi tetrab ydrofuran was used to dissalve the
black predpitate and another 200 mi methano! lo re-precipitate the gold
nanoparticles. This dissolving (in tetrahydrofuran) and precipitating (with
methanol} process was repeated three Hmes to remove the phase-transfer catalyst,
excess thiol, and by-products. The metal nanoparticles were dried in air o 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 mi dodecanethiol was added during {mw chemical reaction.



Pt exhibit work functions-greater than 5 eV. 10 Still another way to inpose
asyrntnOy on devices conprising field progranmable filnms is to introduce
.contact diodes using organic conductors and sem conductors. Such di odes
are described in L 5- Roman and 0. Ingan ts, Synthetic Metals, 225,
(21102), 419 and can be further understood by maeking reference to Figures
2(b) and 5. In brief, these diodes conprise a |our work function conducti ng
15 pol yner aur_h as po]y(3-{2'-inetfioxv-5"-octyl pheny])thi ophene) (POVCPT)
((D- 3 eV) incontact on one side with an Al electrode ( -- 4.2 eV) and on
the at_her sid | o ' ' doped with

pol y(4-sty renggau 1%£asiﬂer¥ B%B%%;WJT%%@@#%EWD%R%%%MEW h, inturfy is
i N cont act a Wdphaamarasthgmewth meéhelcterageely B. A Kdrgol. Gefulles, POVEO ' T i S

i nt erposed, bet ween eectric.field 20, pr appepl e filmand the meta]

el ectrode- CWrﬁiﬂﬁ%bgﬁ%Fmé%cﬁ‘éﬁgfﬁ%mﬁgﬂf }'fﬁ “%ga\r}l ng éﬁﬁ‘fﬁ%sar work function

el ectrode sdinstvnassicappene €31 £ wad added-itho BN )mlitBucapplutiet of phagche opposite side
of the electric field.prograrr fe fiEm Other Lrganic_cond uttors and
senucanducfrﬁséerfﬂ?‘al?“g’riegr%“%éhélfl% RS ATEH Teg Ry ,@r gg%ﬁ'dnﬁoi vaniiine, doped
pol ypyr r ol gsgapehhdshivephesagquenmndlpoliyxphe ay henenvmhinlyilLR8dedl N addi tion, one
can use 25 indiumtin-oxide (1 TO to inptroduce an asytxxrrnetry in the
"on" and " ST LIPEGERRRET PIRE WiTHE Lolthe "ARovienakiatt es. Stili

anot her WayoitisniontddQRAWERtarRSY ATFEE AB¥I4) BliihewiQred @ﬂmw@; vol tages is
to place the device in Lontact with a sem conluctor diode of the kind shown
in  Fi gur e2&minples THeStaRn mRsiretes praddee 2 s bedfe th&nd "of f voltages is to
place tfie ZGaMeRherykth-&h @Rlst lveALILAAL Adtm Wietind whi Llach gffBct isol ation
transistor, This can be effected such that the field programmable filmis

el ectri caPrepnie BASE @@ twieth desthisr vaoparidesand b diver torommEloe r ansi st or ei t her
via a met alyerRbdifed BHERHEREORQL u bl 8RL diker SMEREIRALe L BGa ifEVi ce Carl only

be probcd or programmed when the gate in an "open" condition. 5 Sone
enbodi nent $2GFTRE #PITY ENiireEen diiriebPhe e treiddebielidniu ¢ igan Bedirai | in the
fal | owi ng Examglgsoie b:Nrre BEedoPA MRS dORicE ¥R MRS o8 iRl I mper cent s are

based or,
15 and the thickness of 50 nm were deposited on glass substrates by therenal

evaporation. The electric field programmuable flm was formed by spin-coating 1,2-
dichlorobenzene {DCE) sotution of 1.2 % pulystyrene (P5) {as matrix), 0.4 %
dodecanethiclk-protected Au nanoparticles (Au NI by Example 1) and 0.4 % B-
hydrovyguinaline (8HCY) (as electron acceptor]. The film was then baked ar 80°C for
20 30 minutes. The device was completed by thermalty depositing the top Al electrodes.
of 50 nm thickness and 0.2 rm width at a vacuum of 1X107% Torr. The junction area
of the top and bottom electrades was 0.2 X 0.2 mm®. Such devices are represented by
the nomenclahure “AVPS+Au NP+SHQYAL . The I-V muerve 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 apptﬁximately IV, The current jumped more
. than three orders of magnitude. The device was stable at the high conductivity state
{curve by with a current of 2.2 tricroamperes (pAY at LV {“on” state). The dewvice

was returned to the OFF state by applying 2 negative voltage (-2.5VY It was



the total weight of the electric field programmable fiJrn ¢ ornpasiljon
unl ess - ot herwi se expressed Exanple 1: Cold rianoparticles were

synt hesi zed at roomtenperature using a 10 two-phase arrested growh

nmet hod detailed by M J. Hostetler, et- al., Lzngrnuir, 14 (1998) 17). 50
mlliliter (m) aqueous solution of 0.62 grans (g) HAuCl14,3H2 0 (2 equiv)
was added into 80 ml toluene solution of 3.0g of tetrentylanrnon]um

brom de (5 equiv)_ The m xture wasayvi gorously stirred for 1 hour. The
organi ¢ phase was collected and 0.4 m dQde cane thiol was add to the
r.eaCtI on ”h@ﬁérﬂﬁn%a :h-ghﬁe r}e%ic'éEﬁ%ﬁ&!u@tﬂ%l"bﬁ"gatevmﬂ%d& %tje.:ﬁjiul by .10 m nutes )
(jran) at room tenperature- e solution was-then stirred vi gorously and
50 M aquedwus: gploamiagply Bf FaBHie (€6icf mgs st40: in bophitheONvad QFlded over a per-sod
of 15 m n-_The m xture. further .stir at room. t erature for 1 hour
(h)y- The of gamc mﬁﬁjﬁgﬁlt%\ﬁgibethﬁeeeﬁgl%ﬁwgﬁ %gg“émn%fi* F‘FPZ;“%E]E “cHanoparti eLes were
preci pitatggs. by addi ng 400 nt nethanol, The black precipitate 20 was

separated fromthe solution. 20 nml, te trahydrofura n was used to di solve
the bl ack E@&@%fﬁf@fﬁ%ﬂ%ﬁw%ﬁ REPHGIE B 5 PREH S Hpi tatc the gol d
nanopart i cloRat inlifpitli &R0 ENRE fdtdial @ hahyeead, taai)naadidriReci pi t ati ng
(with. nethanol) procesg was ,repeated three tines to renove kite

phase- t r an¥eeEtarpers: Thessetdiey of B gr-ticfifl BYEpPoeiet'® The net al

nart opart i gnfasneWeb & glykRe nia MindpaliclelaRd 0 ¥ AGMArordREXARlze 2: Col d

nanopar Ucl es were prepared by the same process as Fxarnple ] except that
0,6 m dodsEprebmeer Tadnatrdy a“doﬂﬁwt?#gpﬂcf‘ﬁanﬂ@ﬁdﬁwer%%ﬂwhﬁ Exanmpl e 3;
Gol d napt opakdabhing TaMBES KHANHEM: BYeshdie SRR RIRE BRSAS Exanple | except
that 0.8 rrtl dodecanethi oE wtLS added during the chem cal ruction. 30
Exanpl e 4. TSsjtign ks pipeh drtone [ arc Wsrwrgyrin Fe dvwad hgh spobystiti@nper arur e usi ng
a two- phasg,ad resk@diygr ot h method detailed by B_ A Korgel, S Fullan-i S.
Connolly, and D_ Fitzmaurice, J. Phys. Chem E, 1112 (1998) 8379. 30 ni
aqueous solution of silver.nitrate (0.31 g) was added into 14.11 M
toitLene solution of phase 5 transfer catalyst (3-2 grans (CBH17)4N13r) and
stirred vgorously for | hour- The



organi ¢ phase was subsequently collected and 0.4 nl dodecanet hi ol was
added. After the dodecanethioltAg- solution was stirred for 15 rrdn. 911
m of an aqueous solution of sodi um borohydride (0a85g NaEl - 14) sol ution
was added dropwi se over 20 minutes- The reaction mixture was stirred for
12 hours before the 10 organicl nariocrystal-rich phase was coll ected. 4-00
rnl met hanol was added into the .organic phase to precipitate the silver
nanoparticles and the silver rianoptrticles were washed w th nethanol
three banes. The silver rtanoparticles were dried in vacuum and Roared in
ni trogen aggmsphere to avoi d oxidation by oxygen in air. Exanple 5: The

bottom Al el ecLLades_\uixm_dLthf—O—LmJ-LFm:—(—m 15 and the
t hi ckness of |F92Peh wer e |[deposited dn | asd substrate® by tlher mal

evaporation. fHEELECTTIq fTerg progranapl € T||I m\/\@g formed by spin-
coatir 1,2- di c1t orobenzene (DCB)..sdlution of % polystyrene (P5) (as
matrix), 0,4 %iatdxrdecanethl oIF-Sprotect ed HAu rtanopar"(Si clesi (Au NT' by
Exanpl e 1) an oty SHO trlon acceptor). The
filmwas then ”’ﬁ%ﬁﬁd g 8dC anm 30 aehfles- “ﬁlecqé was conpl et ed by

t hermal | y depasdéctrbighcidhe |t op MO el ectrode of 5®1mﬁmlekness and 0.2 rnm
width at a vacuum of 1X1Q Torr_ The |jtvtction gres , of theg top and bottom

el ectrodes was 02 X 0.2 nme. Such ddvices are rlepPad@ied by the

nomenel ahar e' fdcRSHAU N R+SHQIAI " . The 1-M curve vasat ested in air using an
HP 41558 ser n%&-@#p&m@—q%—#he—d%hi ".bired very
low current  25{fl. 7 nanq anpée (n:A) at*1.5V)i durif%lg thd first scan bel ow
the elecrri caulmpgl 2 UNESTora, 1/ t FansT Tl Gfk (OOK plagg at approxi mately 3V.
The current junped nore i han three orders of nagni tude he devi ce was
stabl e at the T @2 Boméudt i viB§¥st atie (t¥kve b) “witHEa current of 2.2

m cr oanper es eturned to the

OFF state by applying a negative voltage (-2.5V)_ It was 31 determ ned
t hat the devi ceT@U&le return to the "ON' state again under positive bias

above approxirtatelry -3V tTy, - thE devire was stapte—tm both the ON and
OFF states alncf En ~e SW tched bet ween these two states by sinply applying
el ectri cal FElectrudE‘l Al i Al Al

Matrix PS5 P53 T3

MNanoparticles Example 2 Example2 | Example?

Elertron acceptar | Pentafluero- 29H,51H- ; Capper (If

| aniline phthatoryanine | phthalacyanine

| Electrode 2 _. Al | Al Al

| Vin (V) E &9 : 16 3.3

Iomo @1/2 Ve (DA o7 E, 1.1 16

Ton &1/2 Vin (TLA) 1,075 1: 1,724 . 2,334

in



bias, 5 Exanples 6-13: The device.5 in exanple 6 to 13 'were fabricated by a
process simlar to that in exanple 5 with different mate; ials as the

el ectrode, matri x, nano particles and el ectron acceptors- The sol-ution for
the electric field programmable filmcontained 1.2 %polyner, 0.4 %
nanoparticle aced 0.4 %electron acceptor in 1,2- dichlorobenzene. The
materi als and sel ected performance patarneters were {isted in 10 the
following Tables 2, 3 and 4_ (V th;sthe threshold voltage at which the
"ort" transition takes place, lorp and lan are the currents in the | ow and
hi gh conduct i vi t)f, states, respectively). 32 Table 2 Exanp?e67 t El ectrode
1Al Al Al Matrix BRSPS Nanopari |l cl esExanpl e 4Exanpl e 3 Exanple 2 El ectron

accept or 81Q8HQ 9, 1De@inpret ' nyl -| ant hpaccne El ecfsr ode 2Al Al Al Vth ()3.02.7
6.1 luo-r 1J2 Vrh (pA}1. 73 . .0 045 | ord iGL{2 Vah (it A) 23,230 1,000 1, 728
Tabl e 3 Exanpl e9 10ATTElectrodg | Al AHAl Mt ri xPSPSPS Nanoparti cl esExanpl e
2Exanpl e 2 Exanpl e[ Bk €CtTON gCCEPRLRYs FeT el aphiipl O-

Nanopartiele I Example 1 Examiple 4

Electron acceptor BHO BHG

Electrode 2 Al Aj

Vi {V} 2.4 18

Lo @172 Vi (DA} 0.3 {108

Tow @12 Vo (1LA) 2,800 26,850

Exampie 14: subsirates comprising indium tin oxide (ITD) on glass were
patterned lithographicaily. The width of the patterned ITO electrodes was 0.2 mm.

5  The electric field programmable fim is formed by spin-coating 1,2-dichlerobenzene
solution containing 1.6% PS5, 0.6% 8HC} and 0.45% Au NPs (from Example 2) on
patterned ITO on glass substrates. The Alms were bakj;ed at 80°C far 30 mimutes, The
top Al electrodes of {1.2 mm width were deposited at a vacuum of 10 Tarr.
Electrical bistable behavior wag gbtained with a threshold voltage at 2.0V, an OFF

I} current of 55 nA at 1.0V and an ON current of 3,900 nanoamperes (nA) 2t 1OV
Examples 15-21: Devices in Examples 15-21 were fabricated by the same
prucess as Example 5. The results are shown ir Table 5. The substrate is glass, the
top and bottom electrodes were manufactured from Al having a 0.2 jmm width. The
sofution for the electric field pmgramma;ble fitm was 1.2% PS5, au NP (from Sxampls

15 1) of varisus concentrations and 8HY of various concentrations,



29H, 31H Copper (I1) anilinepht halLocyarni ne phthal o}yan ne El ectrode 2Al
AlA] Vtn (V)6.9 4.65.3 lore 1f2 Vth (nA)0.7 3 1.11 6 IoN 1/2 Vin (nA)1, 075
1,723 2,334 5 33 Fable 4 Exanpl el2 13 El ectrode 1Al A Matrix PMVAFNVA -
Nanoparticlc t Exanple 1Exanple 4 Electron acceptor8 3@i Q El ectrode 2A" Al
Vu, {V)2.4. 1.8 IoF X112 VLn (nA)434.08 IoN 61/2 Vth (nA)2, 80026, 850

Exanpl e 14: Substratcs conprising indiumtin oxide (ITO on glass were
pattered Lithographically. The wi dh of the patterried |ITO el ectrodes was
t7.2 nun. S The electric field progranmable filmis formed by spin-coating
1, 2-dichl oraberizene solution containing 1.6%PS, 0, 6% SKQ and 0. 45% Au

A PS (from Exa'Fﬁ!ﬂEé‘ 2) on patterned I TO on gl ass substrates- The fiLns were
baked at 80TEisuMie 30 W nu T ed. 13 hie 151 Op17Al ¢ ectg ddes Piz10.]2 rnmwi dth were
deposited at—avacuum of 10-5 Torr- Electnical bistahl hehhavi or was

obt ai ned wi { RopentrptiontigiuiNy ol [t&e A% 2.F V, iafj ®FF #8 c@drent of 55 nA at
1.0 V and an .%ng current of 3,/900 nara6i nperes l(nA)| at [I,0V| Exanples
15--21 Devug in Exanples 15-21 were!fabpicatied by the safe process as
Exanpl e 5. Thensmsaibt af 38i(H%S oM 'irﬁ.*iTgbl%e 50.4 'Ij“h?elisubstkaize is glass, the

Vin (V) | 31§25 {25 | 24§ 3 | 251 25
Tare @172 Ver (nAL) .| 046 | 036 | 046 | 055 | 86 | 04s | 22
Ton @172 Vi (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 feld programnmable Gim contained 1.2 %
5 PSand 0.4 % 8HO) in 1,2-dichlorobenzene without Au NP An electrical transition
takes place at 2.1V, The current is 0,85 and 5,300 nA at 1.0V in the OFF and ON
states, respectively. The deviee in the ON stabke could not be tumed o the OFF statz
by applying a negative bias
Exarnple 23: An BV caurve of the device of example 5 was tested under a

160 vacuumn of 10% Tore. The OFF currenr at half threshold vollage was 3.3 ¥ 107 na, the
ON current ab half threshold voltage was 3.5 X 1P nA.

Example 24: The I-V curve of the device of exampie 5 was tested in aitrogen
atmosphere (glove box filled with nitrogen). The OFF current at half threshold was
0.1 nA, and the ON ecurrent at half thresheld was 1,000 nA.

15 Examnple 23 The device of Example 13 was operated by the faltowing
procedures. (1) A pulse of 0.9 ¥ was applied to the device at the OFF state to obtain a
current of 0.1 nA (this can be defined as “off”); (2} A puise of 2.3 V with a pulse
width of 1 ps was applied ; (3} A pulse af 0.0V was anplied |o the device abtaining 2
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 s was applied to the device; (3) A pulse of 0.9V was applied (o abtaina
current of 0.1 nA ("o,



top and bottom el ectrodes were rnaraufactured fromA having a 0.2 trim

" width- The solution for the electric field programmable filmwas 1.29XD
P5, Au[' (fromExanple 15 1 ) of various concentrations and SI-1Q o ;

vari ous concent; atioi- . 34 Table 5 Exanplel5 i16.171S192021 Concentration
of Au NP 001 ' 0.10,50.3().30.3 ( ) Il Concentration of 8HQ (

6) 0. 40. 40. 40. 40. 120.61.2 Vth (V)3.12.52.52.432.52.6 |rm C0112 Vth

(n_A) 0. 460. 360- 460, 658, 60. 4622 | oN Q V2 Viii (nA)6, 7005, 200 13, 6002, 000SW
4,500 14, 200 Exanmpl e 22; Devices were fabrical'ed by the sanme process as in
Exanple 5 The formul ation for producing the electric field progra x

znabl e fil m corftarped Fro9ycs ofsamply 8 oz omgagd@cioriig 12 i dl or obenzene

Wit hout AU idMRwirpr@b8GL 11GAlpulisk 81 L AN Lo EAKES: BLACS: Al 2zlV. The current is
- 0,68 T, nA afm%qjq\/ in St hg &:F and ON St at es, I=:respetc%:;\%/)‘efly. The device in

the ON st at@ecBuP g ot olé niuaediaing®: 2hé PARFolSE AT eith dulappltybing a negati ve
bi as Exanpll%gagéﬁed;tayﬁgﬁgy&f%Vtiﬁga eV} %‘?%P-.H'exa | e 5n“\j/gas tested under a
a a

10 vacuum of 10-3 Torr. The OFF curr ent “thréshoid“vo, ' tage was 3.5
X 10-3 rf 7Bt wanebkaines ¢his ceatbe defiiced ediion'§hie)l a puisk bagl j wthgas 3.5 X 103 Ti

A_ Exanpl e 24. . ek - VoSl of s.he, . dexi ce of apple 3.was rested in

ni trogen ngagbhe?é 9i U\FXJ Ec@mt( E;alg‘flfeé((\éi'gﬁl%‘“h&eﬁl‘)fﬁrogea?f)i"'.fj“ OFF current at
hal f t hr eslio! ddvigrte oBfaih agigreranih.drde"@X.cur rent at hal f threshol d was 1, 000

nA, 15 Exanple hotd e Adey f@ga.l 13 saerateiéb t he fal Lawi ng
procedur es. (1)é%n%ﬁ?)'seé o}/ta%%ﬁfg@nwas%p% e %8”?%’@35&8%* 5’%? the OFF state
t o obtai n @evices of example 7 in the “off” state. After applying the oulse, the device tuened to

1¢ the “on” state.

Example 28: Al electrodes were formed on 2 glass substrate by thermal
evaporation as before. A PEDOT - P55 (available from Bayer) coating of about 30 nm
was then spin coated on Al/glass. The electric feld programmabrle flm was formed
by spin-coating a solution of 1,2-dichlorobenzene of 1.2% FS, 0.4 % Au NPs (from

13 Example 7yand 04% BHQ. A top Al electrode was then Formned by thermal
e*..raporatinn. The device had atability at the ON and OFF sta%e and the -V curve was
unsymenetrical in the positive and negative bias,

In Figure 8 are provided plofs of eurrent vs. appiicd voltage for the device of
Figure 1{B), wherein an electric field programmabie Bl of approximately 100 nm

20 thickness was spin-cast from z solution comprising 0.4 wt% gold nanoparticle
electron donor, 0.4 wt¥ 9.10-dimethylanthracene electron accepter, 1.2 wit%
polystyrene matrix material and 98 wt% 1,2-dichlorcbenzene sulvent, Whe.rr.-:i.n the
weight petcents were basad on the total weight of the electric Feld orogratnmable
film cormpasition. After coating, the film and substrate were baked at B1°C for 30

25 munutes on a hotplate. The first and second electrodas contained evaporated
aluminum erass point electrodes having a width af 0.2 mm, consfigured so that the
electric field programmabile film was positioned between the electrodes. The
programmed voltage source and current measurements were grovided by an

Agilent 41438 semiconductor parameter tester, A first borward voltape scan, 78,



current of 0,1 nA (this can be defined as "n ff"); (2) A purse of 2.5V
"wWth a pulse wdth of I is was applied; (3) A pulse of 0.R V was applied
to the device obtaining a i ,urrent of 2,700 nA (this can be defined as
~'on'),- (3) f poise of -0.8 Vwith a pulse 20 width of 1 ps was applied to.
. the device; (5) A pulse of 0.9V was applied to obtain a current

of 0. InA("of f"). 35 Exanple 26_ The device of Exanple S was operated
according to the follow ng proceduges. (1) A pulse of 3.1 V was applied to
the device at the "off state and a current of 0.5 nA was obtaine ; (2) A
pul se of 6.5 Vwith a | se wiodth of 1 us was applied; (3) Aa pulse of 3.0
V was appl 8% Ol ¥ s prRiorRes RGeS & frs WE“HTE‘“%“DI‘,%D o ¢ WAS obtained (this
can be def ipgicaSate8BDv. A StordaroRitk $8n dhmod Dv, Vo Whdbca “nglt S€ Wi dt'h of |

. L5 was applied to the device; (3) Aa pulse of 3.0 V was applied to the
devi ce to G wrdtienFephio 6V, Bl BRI 10 Ge fowcprrergondision 270 A vol t age pul se
of 5 V Wit RBudhed ikt Heidus e, S RS, 2RRI B Ol BEm pdENhCRS, Of exanple 7 in
the "of f" state. After applying thée pulse, the device turned to 10 the
"on" st &t esEREpITent XBnsigan wak wdvgep ffed 'werte "H0 eharsrimadelytdass substrate by
thermal evaporation as before- A PEDOT - PS(avail able from Bayer) coaNrp&
of about 30 nrr. was then spin coated on AL glass- The electric field
programmabl e himwas fnrnmod by spin-coating a solution of 1,2-dichlorob
ene of 1.2%PS, 0.4 %Au NTs firom 15 Exanple 2) and 0.4% SF . Atop A

el ectrode was theft forned by thermal evaporation. '!'he device had
stability at the ON and OFF state and the |-V curve was unsymetrical in
the positive and negative bias. In Pi u-e S are provided plots of current
vs_ applied voltage for the device of Figure M), wherein an electric
field programmable filmof approximately 100 nm 20 thickness was spin-cast
froma solution conprising 0.4 w% gold nannparticle electron donor, 0.4

Wt % 9, 10- di net hyl ant hracen, e el ectron acceptor, 1,2 wt% polystyrene matrix
material and 98 wt % 1, Z-di chl orobcnzerte sol ventr Werein the



wei ght percents were based on the total weight of the electric field
programmebl e filmconposition. After coating, the filmand substrate were
baked at 80C for 30 25 minute on a hotplate. The first and second.

el ectrodes contai neLl evaporated al um num crass point el ectrodes having a
width of 0-2 nrn, configured so that the electric field programmble film
was positioned between the el ectrodes- The programmed vol tage source and
current neasurements were pro vid e-xd by an Agilent 41455 seni conduct or
paranmeter tester. A first forward voltage scan, 78, 36 fromO to B V was
per f orrred |dnd| cating a f LTst current tran sition [Torn " oLP" to "on"

at appr oxi mat W 6-2 V. A second vol ta ge scan ~romO to 8 V, 79. 5howe d
a "high cnrent condition ftomO to 62 V, indis ftnction to the |ow .
current rondition ob2~ --rved in the previous plot, 78. During a third
vuftagt ~ scan t onf 6oFRpsiign {or teyfesmationf anslesiii feldppsgmemmabiaridh. hon w~i s
indlu ced memﬁpmmr@u&gng.ﬂg f " i1at apprax, i MAteiv -3 V. 37 W cl an:

1. A conposition for the formation of an electric field programuab[e film
the conpositi oG AFCHTFEE FRBPsitam £74 dielesiris culsonatedhposkiniten Ar a diel ectric
mate i X MBGELiA! maD@ESHA cdriisesh SLEGE Isasm@‘afgj&m I%gﬁ[m}d conprises an
organi ¢ polyner and/or a inorganic oxide; are efectron donor and an

el ectron atdeptor of a type and in an anount effective }.o0 provide

electric fiel darper@gs,aﬂrowaa«egmgmh% BRO5 Ll Glart M 1. wherein the
matri x precursor conposition es s yfene, iNw“ﬂll':'cf‘?oxysryrene Cl -
Cali neareffEEfP’ammwdw%mGﬁ@lH|PCDsa@Inkgmg - C o linear, branched, cr cyclic

a] koxy, Cb- C o aryl or aralky], or Ca - CLD arvfa y or aral kyl oxy
substituted styrene, vinyl acetate, vinyl alcohol, (rneth)acrylorLitrfle,
(meth)acrylic aci dThecc:pmpf@han ki Claart, wba“ram&hadnarpr@yﬁdmcsma&skmh or Ca - Coo

2{ ilw O{)r arc%%é%ef)“ggﬁ% m‘?ﬁ'g)}%grem&?t &l ?u’leurobra_nched O1 CyC Ihrgealzi}r bl’ énChed or cyclic

Cre linezr, hranr:hed ar cychic alkoxy, Co~ Ciaaryl ar aralkyl, or G = Cu arvioxy or
aralkyloxy substitubed styrene, vinyl acetare, vinyl alcohol, (methjacrylonitriie,
(methjacrylic acid, C - Cio linear, branched or cyclic alkyl or Ci - Cia aryl or araiky!
(methlacrylate esters, Ci — Cw linear, branched or eyetic alkyl ot Cs— Ca aryl or
aralkyl cyancacrylate esters, G - Cuo linear, branched, or cyclic alkoxy, Ce ~ Cu aryl,
arylalkyl, aryloxy or arvlalkyloxy dialcohols; C. - Cia linear, bmn‘ched, cyclic alkoxy.,
Co— Cu aryl, arylatkyl, aryloxy or arylalkvloxy diacids, €1 — Cu linear, branched, or
eyelic alkoxy; Cr - Craaryl, arylalkyl, arvloxy or aryvlaikyloxy disleohols: Cr — Cuo
Linear, branched, oz cyclic alkoxy, Ce - Cu aryl, arvlalkyl, arylexy or arylalkyloxy
diacids, T — Cwe linear, branched, or eyclic alkoxy, Co— Cu aryl, arylalky], aryioxy o
arylalkyloxy diamines, polymerizable aligomers comprising at loast one of the
foregoing monomers, polymerizable pobymets comprising at Least one of the
foregeing monamers, or a combination comprising at least one of the foregoing
monotners, oligomers; or palymers, and further wherein polymerizatior of the

malrix precutsar composition provides a dielectric matrix material.



aral kyl cyanoacryl ate esters, O - Coo linear, branched, or cyclic all<oy.
&t - Ge aryl, arylalky], aryloxy or atylal kyl oxy di al cohols; C -
l'i-learr branched, cyclic al koxy, Ca - Cla aryl, ‘ary]alkyl, aryloxy or
aryl al kytoxy diacids, ClL - Co linear, branched, or <cyclic alkoxy; G -
C e aryl, arylal kyg, aryl oxy or arvla&kyloxv dicdcohols; C1L - CLo Linear,
branched, or cyclic al koxy, Ca - Coo aryl, arvla]kyl, aryloxy or aryls
| kyl oxy diacids, G -Ce4 linear, Baranched, or cyclic alkoxy, C6- Cto-
aryl, arvial kyl, arvtoxv or arylalkyloxy diamnes, p olyneritable
al i gone: s conpi si . . f, the. for. I Ng, monomer s,
pol yneri zabl e E'pol 3%&%?538%%3?’%%@%? %tz heeiflsﬁmeoér{%&%m%h“g T§'8%goi ng nononer s,
or a conbi nahioepcbam ri eprignatand sastlichneicoynshite! frenegintg nononers,
oligonmers; O polyners, and further wherein polynerization of the matrix
precttsar conposition provides a dielectric matrix material. 38 3. The
conposi tion of 40 afim chrpesitBnwhEsiei Tortheedirghenlsde faalhikigmaterial is a
honopol yr ner or cgyol yer Iand h&s a dielectric constant of greater than 2
4. The conSBEPFTRENTSE PRI 2R hay 2 rlerior PP R o BPRLt ric matri x materi al
i s a honopol vimer or copolynmer and has a dielectric constant o012 to 500. 5.
The conposition of _Claim1, wherein the organic polyner is a polyolefins,
pol y(met h) acr yP-at eShe OFBPes CETIam Ty yhprsin iy qrgnals POYRERIO! acs, pol ysi | oxari es
. POl ycat RaFo1dhe Soly el ¥rTi1desolyes 0] pA8G RIS, ﬁ&rclacapf\llysﬁbalﬁ}{g,& -
pol yam dei nudes, polyarylate s, pol yuret hanes, polyaryl sul fone ,
pol yet her sERERGATPONg¥5| Wéﬁm BRgrcetates pilylgds: rRisPRideipNdes.chl ori de, pol ysul f one,
pol yet her i di-AlQates, p&ﬂ&:ﬁ%@%b@@p@ﬁﬁhé{ 6 &hersutBRY, YEIHRLALET f uor oet hyl ene
poi yvi nyl i dene fluoride, polyvinyl fluofide, polyethérke tone, polyether
et her ket orﬁé‘,'ﬁdﬁrﬂ“%é’?ﬁé‘?hlq{’éﬁfrli’ﬁéf"-lifé'ﬂﬂbH@Fﬁefi&'i@ow*ﬁm'm@wﬂué@mri sing at |east
one of theydiphRerimd-RBGRAL : ition of Caiml. :
wherein th]:é 1 norganic Eolgri déeg?lgﬂg}){ﬁg%?ﬁgrslﬁ ch%" t%g&,f ormui a AwW&CYC,

- polvetherketone, palyether etherketone, polyether ketane ketone or a combination

comprisitg at least one of the feregoing arganic pelvmers.

. The compesition of Claim 1, wherein the ingrganic oxide is =
composition of the formula
A BTy
wlhere w, x, and y are ¢ to 30, and z is 1 to 66; A is calcium, strontivum, or bartom, B is
bistraath, zireemivm, nickel or lead, and € is titanfum, miobium zicconium vanadium,
' or tantalum and wherein stoichiometry of the inorganic oxides is ronstrained to give

approximate charge neutrality,

7. The compesition af Claim 1, wherein the clectron acceptor is §-
hydroxyquinoline, phenathiazine, 9.1G-dimetl;tylant1'srucﬂne, pentafluorcaniling, -
phthalocyanine, perfluarophthalicyanine, tetraphenylparphine, copper
phthalocyanine, copper perflunrophthalocyanine, copper etraphenylpocphine, 2-19-
dicyanomethylene-spire[3.5jundec-3-viidene)-malonanitrile. 4-phenylazo-benzene-

1,3-dicl, 4-{pyridit-2-ylazo}-benzene-1,3-dinl, benzofl,2.5{thiadiaznie-4,7-



where w, x, and y are 0 to 30, and z is |. to 60; Ais calcium strontium
ar barium $ is bisnuth, zirconium nickel or le ad, and Cis titanium

ni obi um zi rconi um vanadi um or tantalum and wherein  stoichionetty of the
i norganic oxides is constrained to give approximate charge neutrality. 7.
The conposition of Claim1, wherein the electron acceptor i5 S-

hydi oxyqui noline , phenothi azine , 4, 10-di net hyl ant hr acene,

pent af | uoroansii ne, . phtbal ocyanifae, petfluorophtha]icyanine
tetraphenylp r rpnin .etraphenyl porphine , 2-(9-

di cyanonet |t v| ene-spi t o 3. 5] under - 3-yl i dene) -rnal ononitril e. 4- phenyl azo- ben
ven” 0T st R s R e 1

benzo[ 1, 2. Girsgteadpapibhesrh cotbbBotieh coapiamiat ksl & of B Fagy@apoqui nodi net hat : e,
gui noi ne, q~.|orpronazinef t etraphenyl porphir,c, or a cotrrbinaticrn
conpri si ng® St 858" Bne of the fare oing electron acceptors, 8. The
conposition of Claim1, wherein the electron donor is an organic electron
donor or an inorgapjc electron_ donor, 9. The conposition of C aim 8,

wher ei n t bba ofgani® FEETHBT Wil ¥hefria theesptronydonagitanpagaaiie, 4,4',5-tr

i met hyi t et gatddn baforb\erineRgnic RES{elhy| enedi t hi o) tetrat hi af u] val ene,

p- pherivlerredi am ne, N-ethylcarbazolLe, tetTaathictetracene,
hexanet hyl benzene, tetcanethvttetrase]enoful val ene, or hex anethyl enet

_et rasel _et i of ul y a #%mpus!t@n GIEh&ﬁEQIh%Q%:L&%‘I Hic@lful:tgn%iomrﬁlre wherein the
i norganic el ectron donor conprises netal-halide salts or the

acet yl acet SAathishdglenptdecsmeryimahstdrdmemetal s that ale reduced by K
EEt sH or NRtnybEhlMhioherrar®Rdvaiind ) pHeA8b Mhng ﬂqgﬁ}n@aﬁl%ag&g_Euran,

t et rahydrot hi ophene, quaternary atnrronium salts or tai nc surfactants,
11. The coWabictiamnash=xgmafiergenegetrgpethfetragiopbivaienher el ect ron donor has a

protecti ve,QrLdaiitheRiradeRRSGRRLL. shel 1. 1 . "1, he conposition of Caiml
fort er conprising donor-acceptor conplexes, wherein the donor-acceptor

conpl exes are TTetrat hi aful val ene -
10, The compesition of Clalm B, wherein the incrganic slectron donor
comprises metal-halide salts or the acetylacetonate complaxes of transition metals
that are reduced by K BERH or NR4* BERH- and stabilized using tetrahydmbaran,

tetrahydrothinphene, quaternary armmonitmn sakts or betaine suriactants.

11. The compaosition of Clairms 5, 9, or 10, wherein the electron donor has a

protective organtc ot inorganic shetl,

12, The composition of Claim 1, further comprising donor-acceptor
complexes, wherein the donor-acceptor complexes are tetrathiafulvatene -
tetracyanoguinodimethane; hexamathylenetetrathiafulvalene —
telracyanoquinodimethane; tetrasclenafulvalene - tetracvaroquinedimethane;
hexamethylenetetraselenafulvalene - tetracyanoquinedimethane; methylearbazole-
tetracyanoquinodimethane; retramethyltetraselenofulvalane —
tetracyanaquinodimethane; metal nanoparticle- tetracyanoguinodimethane

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



t et racyanoqui nodi rr eet hane; hexanet" yl enetetrathi afu] val ene -.

t-et raeyanoqui nodi net hartc; tetrascienaful val ene -.

tetracyanoqui nodi rnet hanc; hexanet hyi ertetetrasel enaful valerLe - tetraey
qui nodi et hane; met hvl car bazol e- tetracyanocl ui nodi - et hane;

tetramet hy]tetrasel enof u] val ene tctracyat oqui nodi xnct hane; netal
rtiartoparticle- tetracyaetnaui nodimatltiane conplexes conprising gold,
copper, silver or iron" ferrocene 4D tetracyanogui nodi met hane conpl exes;
tetratfliotetracene, tetranetlrv!-p- phenyl unediarn ne, or

hexanet hyl nzene - n L nl exes;

tetrat hi gf TVale umﬁexé&%ﬁt%%%%%t%ﬁ?ﬂbﬁ%@# ﬁ%?/%?eehﬁeg t et rasel enaf ui vai ene,
hex anedtvlpeemeh:eidﬂsarged eﬁaftmav}a'ﬂtemne Oetricpequncithgybareticadetenu: ul vrl ene -
N- alkylcarba ol C.rv [ ﬁ s; tetra thio

t et ranct hy ™™ i‘b’ﬁgﬁ\ﬁnﬁﬁ"?&' et ?“H‘%af"' ﬁﬁlvﬁ@mh& QBIEI%I%E[M&%E

Ei ur km nst hEJaHdeﬂh&léﬁera%ﬁhﬁleﬂmemmanteéi}ttatéhc\N alukaleney- hexamet hyWie retra

t hi af ul vai e tetr ene ex t hyl enet et r asel enaf ul va] ene,
t et r anet hyla@é]ﬁ”é\?@ﬁ@r‘uaf%ﬂ] \7551‘8?%&“ 'I\Eilr TR XEEaF %QEE‘BJP%F(S“ Cie, linea: or bran

&e d) COomaB¥@Sip- gmﬁxaﬁehiaet:etdrasﬁﬁemyruatz&ﬂmhhcyrlma«fpmmlce.ned| antine, or
hexar net hy: benzene-t et racyanabcnzcnc Cm—{}rﬂ;ﬁﬁ% tetrat hi aful val ene, hex ane

t hyl enet et FEPHPES it Riadpgilene fexametuleasielrd

hexamet hyl engtelhdsckanalasvahaleefaseRhafkioliémmet nvl tetrasei enoiulvale-ie -
N a] kyl carbazole( | - Cso, linear or br oachedi1 npl exes;
tetrat 7i ut e dykeraseeapiirieng Ay Feret %@ﬁi‘i’rrli‘fi‘“d"cﬁfﬁ hexa nme t1i vyl

benzene - tghhia.niARREHAYERetraRIP-LERS bl atdhdral ul val ene,
hexanet hyl enetetra thi aful val ene, tetrasel enaful val ene,

hexaTnet hy Tty keIzereRET ¥ HRNETF Ferolers: Weathgligianty | t et r asel er t of ui vai ene

- N-al - kyi ¢arRasleRltlerathiatdyBne! tkifBALnRAhv@A@NChCd)  conpl exes;
tetrathi atetracene, tetraunethyl-p-pltenyl enedi am ne, hexarmet hyl benzene

_ p- chi or anitExasHieasiaseinridlcnibl AEToH ewmEesiFatN e a' 0 one of he

f oregoi ng aﬁ?ﬂ%aﬁﬁeﬁﬁﬂ@ﬁmﬁ&@#%@d} cdplebR @t aResELE "N of Caim 1,
further conpfising a sol vent.
tetramethyl-p-phenylenediamine, or hexamethylbenzene - tetracyanaethyiene

complexes; tetrathiafulvalene, hexamethylencterathiafulvalens,
tetrasefenafulvalene, hexamrethylenetetraselenafiudvalane, or
tetramethyltetraselenofulvalene - N-alkylcarbazaole(C) — T, lineﬂr. er aranched)
compiexes; tetrathiaketracens, tetramethyl-p-phenylenediamine, haxamethylbenzene
- p-chloranil complexes, or a combination comprising at least one of e foregoing

donar-acceptor complexes.
13.  The compositian of Clairn 1, hurther comprising a sofvent,

14, An electrie field programmable fflm comprizes:

a dielectric matrix maserial, wherein the dielectric matrix material comprises
an organie polymer and/or a inarganic oxide;

an glectron donor; and

an electron acceptor,



14. An electric field progranmmable filmconprises: a dielectric matrix
materiat whereir, the dielectric matrix material conprises on organic

pol ymer and/or a inorganic oxide; an electron donor; and an electron
acceptor. 41 15. A data siorage device conprising the filmof Caim14. 16.
A crass point array conprising the fimof Cain) 14_ 17. A nmethod for :
manuf acturing an electric fiehL programmable film conprising; apPl Yng the
conpa-gition of Claiml to a substrgie; and rerno ing the solvent fromthe
applied conposition to forma film 18. A filmrnanufactured by the nethod
of claim 17. -

15 A data storage device comprising the film of Claim 14,
16, A crgss point atray comptizing the Film of Claim 14.

17, A method for manufacturing an electric fisld pregrammable fitm
comprising:
applying the compasition of Claim 1 to a substrate; and

removing the solvent from the applied composition to form a Alm,

18 A fibn manufactured by the methed of claim 17.



