
MEMORY DEVICES BASED ON ELECTRIC FIELD PROGRAMMABLE FILMS BACKGROUND  The
present disclosure relates to electronic memory devices based on electric
5 field prorammable films. More particularly, the present disclosure
relates to  electronic memory devices that exhibit bistable behavior.
Electronic memory and switching devices are presently made from inorganic
materials such as crystalline silicon- Although these devices have been
technically  and commercially successful, they have a number of drawbacks,
including complex  10 architecture and high fabrication costs. In the case
o: volatile semiconductor memory devices, the circuitry must constantly be
supplied with a current in order to  maintain the stored information- This
results in heating and high power  consumption, Non-volatile semiconductor
devices avoid this problem but have  reduced data storage capability as a
result of higher complexity in the circuit design,  15 which results in
higher production costs. Alternative electronic memory and switching
devices employ a bistable element that  can be converted between a high
impedance state and a low impedance state by  applying an electrical
voltage or other type of input to the device, Both organic and  inorganic
thin-film semiconductor materials can be used in electronic memory and 20
switching devices, for example in thin films of amorphous  chalcogenide
semiconductor organic charge-transfer complexes such as copper-7r7,B,S-
tetracyarxoaiuinodirnetharie  (Cu-TCNQ)  thin films. and in certain
inorganic oxides in  organic matrices- These materials have been proposed
as potential candidates for  nonvolatile memories 25 A number of different
architectures have been implemented for electronic  memory and switching
devices based on semiconducting materials.  These  architectures reflect a
tendency towards specialization with regard to different tasks.  For
example, matrix addressing of memory location in a single plane such as a
thin film  is a simple and effective. way of achieving a large number of
accessible memory  



locations while utilizing a reasonable number of lines for electrical
addressing- Thus, for a square grid having n lines in  two given
directions, the number of rnernory locations is, 0- This principle has been
implemented iii a number of solid- 5 state semiconductor mernories.  In
such systems, each memory laction has a  dedicated electronic circuit that
communicates to the outside, Such communication  is accomplighed vis  the
rnemory location, which is determined 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  memory
element. The grid intersection 10 point can further comprise an isolation
device such as an isolation  diode to enable  addressing with reduced
cross-talk between and among targeted and non targeted  memory locations.
Such grid intersection points~ havc been detailed by G. Moore,
Electronics, Seplernber 28, (1970), p. 56, several volatile and nonvolatile
memory elements h avc beer t implemented at  15 the grid intersection
points using various.  bistable mterials-  Howevet,  Lnaf iv  L-urTentiy
known bistabl e  films a re inhomo  gencous,  mid Wavered comp osite
5tructure  fabricated by  evapara tiv i~ r ne tl-io  s, whdch  are ex
pensive and can be difficul t to cmirol . In addition, these bistable films
do not afford  the opportunity for  f ahricating  films in topographies
ranging from conformal to planar. Bistable films 4P 20 fahricated  using
polymer matrices and particulate matter an, - enerahly  inhornogeneous  and
therefore unsultable for fabricating submicron  and  nanometer- scalc
Oertroftic  mernory  and switching devicc5.  Still other bistable films can
be   controllably manufactured by standard industrial methods, but their
operation requires high ternperatu melting and annealing at the grid
intersection points. 25 Such  films generally suffer from thermal
management problems , have high power  comsumption requirements, and afford
only a small degree of differentiation.   between the "conductive" and
"nonconductive" states. Furthermore, because such  fiIms operate at high
temperatures, it is difficult to  design  stacked device structures  



that allow high density memory storage. 3 Accordingly, there remains a need
in the art for improved electric field  prograrrrnable  bistable films that
are Useful as subsystems in electronic memory and  switching 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
electronic rnemory and switching~ devices comprising electric field
programmable  bistable film~ that can~ be produced more casily and
inexpensively  than known  devices, that offer more useful differentiation
between low conductivity and high  conductivity states, that have reduced
power and thermal requirements and that can  be stacked in various
canfigurations to fabricate electronic devices of higher density. 10
SUMMARY  In one aspect, a cornposition f or the formation o f an electric
field programmable film, the composition comprising -a matrix precursor
composition or  a dielectric matrix material  wherein  the dieiectric
matrix matrial comprises an organic polyrner and/or a inorganic oxide, and
electron donor and an electron acceptor of a type and in an amount effechve
to provide electric field programming,  In another aspect, an electric
fieId progrommable film comprises; a dielectric matrix material, where in
the dielectric  matrix material comprises ~ an organic polymer  and/or a
inorganic  oxide, an electron donor,- and an electron acceptor, In another
aspect, a method for manufacturing, an electric field programmable  film
comprising applying the composition of Claim 1 to a substrate; and removing
the solvent from the applied composition to form a film. The present
invention offers the advantages of simplicity of manufacture,  higher
device density mid produced cost of production. The, electric field
programmable film may be used in cross point array data storage devices,
stacked  data storage  devices, and the Iike. In addition, the electric
field programmable film 



20 may be used in devices having flexibility plastic substrates. inorganic
oxide substrates,  Optical devices, in switching elements for light
emitting diodes. In switching  elements of pther electronic devices such as
sensors Y5, a5 actuation elements in micro 4  L-lectro-mechan ical syE
terns (ME   NMS, devices  an-i in control a p p  LcatJ o ns in
micrufluidic devices. D-ESCUPTION OF THE DRAWINGS 5 Figure 1 (a) shorws a
schen-Latic of an 6ectr ic fie! d prng-rammable film;  Figure I (b) Bhows
anothcr schema tic o i an cloctri c fl-4d rogTammablc film,,  Figum 2 (zt)
~;ho w s a cutaway view u f ~q cza s~-;;-puint arra y d a t a storage
device  wi Ch a candnu ow; e lectric field progra=abl e f i1m; Figure 2(b)
Sho ws a cutaway view of a Cross-po in ~ a cray d a ta arora ~t? devicc  10
with a piuTality of pixilated eIectrjr field programmable filin elernents;
Figure 3(a) 3,haws a s chematic d lagTam.of a cros~-- p oint zLr-f ay
devicx- comprising electric lield progTarnmable  film elements, Figure 3
(b) shows a schema tic diagram o f a crw5 point acray   device  ct=prLsing
electric field programmable film elenents; 15 figure ~ show-5 a cu  taway
pmially  expluded v ie  kv a C a a tacked d a t L) storage  dewice  on a
substrate, Figure 5 show5  a cutaway partially exploded view of a stacked
data storage  device on a substrate; Figure 6 is shows a partially
ex.ploded  cutaw i y vie w oi ano th--r stacked da ta  20 s tora ge &-
vic~- CDITIPI-iSing  a substrate and tlirL e devi:--e lave [~S, Figure 7
pro vides, in a cu Lawa v, cont igu ous, 7 a, and ex plode d, 7(b), v iews
of  a p Dr  tion of a data storage  device in whLch .  th e me  mory
elernQnts arc iso la ted by  junction Aiodas, - and Figure 9 is a
papliical representation of  curre, tit vs. a p  plitd volt age f or the
25 deVice of Figure 1(b). 



5 DETAILED DESCRIPTION The electric field progranunable film as defined
herein is a film comprising  active elements wherein the active elements
are convertible from a 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
to its first electrically conductive or polarized state by the application
of a  suitable reverie bias voltage. A forward bias voltage is an
electrical signal applied to a device that promotes  a change in a
prescribed direction after the application of the bias voltage. A reverse
10 bias voltage is the opposite of a forward bias voltage of the same
magnitude. The active element is also called the electric field
programmable film element  and as defined herein is an intersection between
an electrode from a first set of  electrodes and an electrode from a second
set of electrodes that can be altered by the  application of a first
stimtlus such that (a) the measured response is nonlinear or (b) 15 the
application of a subser]ueltt, possibly different stimulus produces a
eiiffeTian t  measured response than the application of the first stimulus.
A cross-point array is a device comprising a first set of substantially
parallel  electrodes (also referred to as lines) running along a first
direction, a second set ^E  substantially parallel electrodes running alum
a second direc'ion, wherein an active 20 element is formed within some
or'all of the spatial intersections between an  electrode from the first
set of electrodes and an electrode :rom the second set of  electrodes and
further wherein the first direction is at an angle of I to 179 degrees to
the second direction and wherein the active element car, be Ed her
continuous or  pixelated, 25 Electric coupling as defined herein is that
wherein a voltage or other signal on  one electrode relative to a reference
or ground signal on a second electrode can  probe or change the state of
the active element. Electrical coupling can be done via  



direct contact, or through an electrical coupling elern nt which makes
ohmic contact,  contact via a conducting plug, capacitive contact, contact
via an intervening tunnel 6 ji-mcdon, con mct via an intervening Lsolatibfi
devicL suc h as a dio de or a transiE tor .0 r  contact via other
electrical dev~cvs Fipre I (a) aho ws a scherna fi c o f an ele ctric f
iold p rograw mabie f Um, 1, with  a dielectric rnatrix = terisL e iectron
dono rs (D), electron accep tors (A' and thQ 5 op tional dono r a cceptor
complexes (D A). 'flie electron d on ms - CD), el e ctro ri  accepto.rs (A)
and the opharwl d onor acc2ptor complex cs (D A) are also referre d to as
active camoonents; and -mspcmd to the applica bon of a sdmi,3 lus. Ex~ Tn
pieb of -qu ch  F~ffinul i may irich.3 d e, W t are not limited to,
cheyr~ca 1, me r-h anica 1, electrical,  magnetic, electromagnetic,
e4ectrornertianical, rnagrietomcchar&al or I D electrochemical. An
exemplary stimuli-is is an electrical stimulus The dieLectric matrix
rmti?rial is the carrier maerial for ane or Mom -activo  components L-1 an
active eleinent. The dieLectri,~ watrix material may or may not  ftseIf
comprise an active component. Matrix materials -aLilized in the electric
field  progTwnrnable ffirn composition are generally orgatiic polyniers or
morganic oxides, 15 It iS gCnUally desirable for the dielectric matrix
inaterial to forini hydrogen bo(ids  with the elearuri donor~i and the
electran acceptors. The hydrogen bonding iaivcrs  the free energy of the
electric field progranunab le film iV,-iUQ havin g very little ef f act  on
tl~e energy of the transition state for electron tTansfeT. Dider-tric
matrix rnaterial-s  tha t display dipole-dipole in teracti Dns or d i p ol
e-induced d i p ole intera ction 9 may 2G also be used in the electric &ld
progammabl e (lim. The d iel ec I ric ina trix ma te ri Als  u sed in the
electric f ield programmab L- films are org FLnic p ol yrners ark d/or
iriorgaruq oxides. I t is desirable f or the  orgarkic  polTme rsused as
the matrix material..3 to ho ve  dielectric  constimts of 2 to IOGO_ In
OTic  ambodimen t, th o organic  polymc:r has 25 snffident  chemical and
themal  re8istance  -to wiffistand  processQy , involving the  



dEpDsition  c f rnetalE,  etch  barrier layers, seed lave r;;,  rneta l
precursors,  phatoresists  and antireflective  coatings- It is a"
dcsirable for the or  pranic  polyrnei to  impairt a  iow   level of
electrical  cQnductivity to the electri  c!  fiel d p  roSTa  n=able film i
rt the  eeoffe'  state and to permit f vr a sufficiently high  concentra
Lion o i electron donors and 7 electron acceptors to enable a sufficiently
high conduct:virv  in the 'on" state so that  the difterer<ce between the
"eir state and the-"on" state is read 11y discerned.  Electrical
conductivity of the dielectric matrix materias is less than or equal to
about  10-12 ohm-1cm- . It is desirable for the ratio of the electrical
current irti the "on" state to 5 that in the "off" state to be greater than
or equaI to 5, with greater than or equal to  100 being exemplary, and
greater than or equal to 500 being even more exemplary- An onfoff ratio
greater titan 5 allows the "on" and "Dff" states of an electric field
programmable film to be discerned readily while an on{off ratio greater
than  7.00 allows the " or( and " off" states to be discerned more readily
and an one/off ratio  10 greater than 500 allows the on" and "cuff" stags
to be discerned roust readily. On/off ratios are engineered to meet the
requirements of the device. For example,  devices having high impedance
sense amplifiers and requiring higher speed  operation reruire larger
anloff tatios, while to devices having lower speed  requirem is smaller
orJoff ratios are acceptable 15 The organic polymers that may be used as
matrix materials in the electric field  programmable composition may be
thermop`iastics. ther!;osets, or blends of  thermoplastics with thermosets.
The organic polymers may be homapolvrnes,  block copolymer{, graft
eopolyrners, star black copolymers, random copolymers,  ionomers,
derwdrimers, or the like, or combinations mete rising at least one of the
20 foregoing organic pulymers Organic polymers having dielectric constant
of 2 to 1,000 can be used- The  dielectric constant (denoted by x) of the
matrix material can be selected such that  "an" and "off" switching
voltages are engineered to cor~ form to the speciFic  



requirements of the application. Within the aforementioned range, organic
25 polymers havizig dielectric constants of greater than or equal to about
4 are  exemplary, with greater than ar equal to about b being more
exemplary, and greater  than or equal to about 7 being even more exemplary.
Also desirable within this  range is a dielectric constant of less than or
equal to about 450, with less than or 8 -equal to about 400 being
exemplary, and  iess than or equal to abou ~ 350 being DIOE.L'  exemplPry
Examples of suitable organic p  Plyme rs that may be use d as  tl-w die
iu&nr_  matrix materials in the electric fiel d pragrammab le fhm  compos i
tion  include, bu t a r'2  5 not I i mi ted to polyoleflns,  poly(mcth)a
cry] a ke5 ;, polyasters,  pnlyo rn i d es, novalar-s, polysilaxanes ,
poly=bonates,  pojyirnidi ~s,  polyacctatcs, polyalkvds ,  piDlyamidejuddes
, polyarylates,  polyurethanes,   poivarvNulfone, p olvethersulfone.
polyphenylene  5iiffide,  poivvinyl  chloride,  polysulfoine,
polvetherin-Ode,  polytetraflxioroethylen e, polyd-dorotrifluorcethytene ,
polyvinylidene rkloride , 10 polvv irLyl D LLoride,  povetheeke  =e,
poiyether e  lherketozie, pol~e thcr ke  tone ke tone,  or combinatians
cornpri5ing  at least one of the foregoing poiyrneric  matrix materials-
BxampleT~ of suitable cupo Jyrne r~; thzi  I may be used as the
diedectric matrEx ma terial in the electric field programmable composilion
filTn  includ  e, bu t -are not  limited to r-Dpolyeistercarbonates ,
acrylanitrile  butadiene.5kvrurv -, styrene 15 acrylanitrile ,
polyimide-polysitoxane,  polyesier-polyetherimide,  polymethy f
methacryiate-polvsdaxane , pol yurethone-po l ysiloxane . or the I iRe, or
combinations, comprising at least one of the foregoing copuly-mers . r-x
arnples  o i suitable  thermagetting  polymer!i tha -L may be u sod in the
ele Qtf ic  field programmable  cumposition in  cludo,  but ~ ue a t
limited to  poiyurethanf!!R, 20 no tural rubber, synthetic rubber, epo_xy ,
phenolic, polyes te'Ls ,  polya rn ides, ~ifl icones.  o r the like, or
oortibinations comp risl rLg at leaat one of the f a regoing theL mose t
ting  polyrners. 



In an exernp  IaFy  ernbodiment, the organic  poIvyn er  ii i  tbe
electric field  programmable film  compoition  may be in the form n. f i
matrix  re%C-u rsor 25 carnyosition comprising  rnonomerr., In one
embaii-n-ent, the  atrLx pr2curz;or  composition may be polymed zed into a
omopolym cr or copolymer prior to the  casting of the electric held
programmable filn . In ano t er embodit, rhc  matrix  prec rsor coinpDAdon
may be polymerized in to t homopul  mQ r or a cup  lymer 9 afte 1.  f -r
the composition is cast onto a subs electric ftc4 d p cog.-arnmable  film.
Examples of suitable copoLyrne  2i that ma y  ha t may be used a s ma trLx
material19 in the electric field  rogra  mable  urnpo8ition i cludeca
poymers  n ad e 5 f rom monorn rs selected from &y ene, hydr xys  y r ne, C
i - C to li~ Lear, bra n c-hcd or  cyclic alkyl, 0 - Ci  Linear, brEmch d,
or cyclic alkO yr C16 - Cia a r l, aryial yl, ar iox Y  ox arylalkyloxy aub
tituted ryrene  vinyl alc hDl, vinyl ace t  i el, (mu th)acryl ni t ile.
(PrL  th)acrylic ad d, C i -  to I i ear, branched, Or C  I i U a I K YI,
~ - Ci  aryl or aryl alky   (me t h)a cryla to esters,  t - Cl   yanoaq omg
monomers. Polyest i- copolymers comp rk;~g C1 - C-L  I iT  e aT, branched,
o - cyclic && ox y,  Ci - Cico a-ryl, a ylalkyl, arylo y or arylal yloxy
dialc hols; C-. - C a li i? a r, branched,  cy el i c alkox , C1 - CLO ArYL
a r lal ky , o ryloxy o r a  yl-,ilk yl ox y  ia ci  -s may al s;o be  used
tn the ek-ctri  field programmable cornpos  Mon-  olva mide s comp rising
C.-  15 Q ~ linear, bran&Led  or cyclic  lkoxy, C6 - C30 aryl, a  y]  lk
v], a ry [  c y 0 r a r lalk y oxy  dian-~n@s; C i - Clo linear,  ranchedL
or cyclic a kox y, Cd - C3) aryl,  a ryla [kyl , a yloxy  or arylalkyloxy
diac  d8 may also be usid in thea  lLc tricfield p minable  composiEOIL.
range,  molecuha  weights of f or example greater than or equa to a bout I
U , g rea te r th in or  i2 u il to about NO, and  e ate  than or equ , I
to about 1, 000  ,~rno le M, Ly be u~-'e d  



AIso d  sirabk-  ithir  this  inge are nrtul CLLIaT Weiglrl   S 0 f,  -a r
exam p le, less than or  equal to a bout 750,DOO, less than o r equaI to
about 5 MON. and less th  n a r equal to  25 about 25 ,GCC  /mole, As.
sated above, the dielectric inatrix mateiars can L~ ,  I-.QTgIIniC  XI'deS.
aemplar  inorganic oxides i re those havi g Et perov5kjo stmcturr-
haracteftzed as  havin 1,0 Aw6SCyO; is  where w, , and y are 0 to 30, and
ar is 1 to 0; A is calcium strontium, or barium. F. bismuth, zirconium,
rtxrel or lead, and C is titanium, niobium zirconium vanadium,  or
tantalum- In an exemplary embodiment, the stoichiornetry is cons-rained to
give  approximate charge neutrality. When such inorganic oxides are used,
the electron donors, electron acceptors  and, optionally the donor-acceptor
curnplexes must be capable of withstanding dare  temperatures exceeding
200C_ Examples of such inorganic oxides include, but are  not limited to,
lead zirconate titanate (PZT), ferroelectric me tat and mixed inorganic
oxides with dielectric constants in ar.aounts of 9 to 5500 such as barium
strontium  titanate (SST), lead larrthant:m zirconate titanate (PLZT.
bismuth strontium tantalite, bismuth strontium niob ate lead nickel
niobate, lead magnesium ninbate  and the like, It should be understood that
the latter generic compound names are  indicative of a range of
stoichiometries. For example, bismuth strontium tantalite  can have
stoichiarnetries such as Bi?SrTazOo, BiSrzTa2OO.Bix5rTa2Os and so on,
Inorganic oxides include tantalum oxide, niobium oxide, vanadium oxide,
hafnium  oxide, 2irconittrn oxide, titanium oxide, dvsprosiurn oxide, vttri
u n oxide or the file  or combinations comprising at least one of the
foregoing. The inorganic oxides offer  a wide range of dielectric constants
in amounts of l to 1470_ inorganic oxides may be converEed into electric
field programmable Films via  



so[-gel and chemical vapor deposition (CVD) tecbnicrues_ Whcn sol-gel
tednniques  are used to from the electric field programmable film,
eleclrorx donors, electron  acceptors and, optionally the donor-acceptor
complexes can be co-d epas ited. Electron donors and acceptors can be
dispersed randomly within the matrix materii'tl or agglomerated such that
eieclrooic conduction results, at least in part  from percoiative
transport. An electron donor is a moiety capable of donating an  electron
to an electron acceptor- An electron acceptor is a moiety capable of 10
accepting an electron from an electron donor The proposed mechanism for
device 11 operation can be better understood with respect to the iollowin;
reaction schemes  shown in Table 1; Table 1 5cineineaReaction F.~ren: t Low
conductivity s tate- KincticaIly stable because of Zero bias D+ + A- 1 D+-
A high barrier to electron tra.r,.s ort. 2 D + A Forward bias Dr + A-High
condtctivity "ern" state Suprathreshold voltagero tam:iled. High
conductivity state in 3 D+ + A- 7c- bra D + Athermodynamically stable eq
uillbAurn- }'Iigh Conductivity state. Mobile electrons move from 4Forward
bias A 



ionized to non-ionized rl + A Subthreshold vultaga +A acceptors in the
general direction of the anode. High Conductivity state. Mobile "holes"
move from + Forward bias  I) } D I) ionized to Wort-ionized donors
Subthreshold voltage + D in the general direction of the  cathode.  b 5
Szagrathrr-shold VoLlag_ prosrammed. in the schemes in Table 1, D and A
represent olectrvn donors and electron  acceptors, respectively. D- and k'
represent a donor moiety having Lost an electron  and an acceptor moiety
having gained an electron, respectively- Witl-r referencz to  Table 1, a
supra threshold voltage in forward bias drives the device from a low 10
conductivity "off" state to a high conductivity "on" state; a subthreshold
voltage in  forward bias causes the device to exhibit a high conductivity
in the "on" state and a  low conductivity, in the "off" statc; a
subthreshold voltage in reverse bias causes the  device to exhibit a high
conductivity in tha Iron" state iumd a low conductivity in the  off state;
and a suprathreshold voltage in reverse bias drives the device front a high
12 



conductivity "on" state to a low condutivity "off" state, Devices  ipablc
of  assuming either of two stable states. for example. a high conductivity
state and a low  conductivity state are generally called bistabie devices.
in one example, forward bias voltages for converting devices having
electric field programmable films From the  5 low current state to the high
current state arc 0,1 to 15 V V. In another  xampic, voltages of 0.2 to 10
V are used. In one example, reverse bias voltages for converting  devices
having field programmable films from the high current stake to the low
current state are -1J_1 to -15 V. In another example, voltages of -4).1 to
-10 V are used. Electron donors may be organic electron donors or inorganic
electron  10 donors. Examples of organic electron donors include: but are
no, limited to  to tratrtialulvaiene.4,4', trimethylketrathiafu]vaiene.
bis(ethylencdi thio)tet rathi afulvalene  p-phenylerw  d is rn ino,
N-ethylca rb a aiie,  tetra thioletralene, hexamelhylberzerre
tetramethyltetraseleno(ulvaler. ,  hexamethylenetetraselenofulvalene  or
the like, or combinations comprising at least  15 one of the foregoing. The
organic electron donors are l to 100  annmeters (nm  in size and are
prevented from aggregating by protective organic or inorganic shells.
Within this  raltgc, it is generally desirable to have organic elect ro
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 ranger it is
generally desirable to have organic electron donors less than  or equal to
90, less than or equal to 75, and less than or equal to GO nm. The
protective shells usually render the organic electron donors soluble or
dispersible in a selection of suitable soivent3_ The thickness a( the
protective shell  depends an the particular moiety as well as on the
solvents and solutes in the 25 solution. The pro tective shells for organic
electron donors are about I to about 10  nm in thickness. Within this
range, it is gene-aEty desirable to have a protective shell  of greater
than or equal to 1.5, and greater than or equal to 2 nm_ Also desirable,
within this range, it is generally desirable to a protective she 11 of less
than or equal to  



9, 1 ess than orequal to 1, and less than or equo1 to 6 rim_ Exact plcs of
inorganic electron donors include, but are rot limited to met,,]- halide
salts, such as titanium letrabromide (TIBra), zirconijin tetrabrumide
(ZrBri1,  vanadium tri bromide (VBra), niobium tetrachloride ( bCi;) or
manganese dibromide  (MnBr2) reduced by potassium triethylbc tohyd ride (K
BEt3H-) or 5 tetraalkylammoniurn trio thylborohydridc( NR4" BELCH')
{wherein R is an a]kyl  having 6 to 20 carbon atoms) in tctrahydrofuran
(THF) for 3 to 6 hours to yield metal  clusters stabilized by THF
molecules, Te tra hyd roth i ophene may akso be used in pi ace of THF to
stabilize rr angartcse ( n), palladium (Pd) and platinum (Pt' containing
electron donors. 10 These inorganic electron donors are made by reducing
the metal salts such as  rr,.angenese bromide (MnBn)- platinum chloride
(PtCb) and palladium chloride  (PdChh) with potassium triethylvborohydride
(1<* HbH-) or tetraalkylarnmonium  borohydride (NR4* 13E4H-) (wherein R is
art alkyl having 6 to 20 carbon atoms) in the  presencc of
tetrahydrothiophene. 15 In one embodiment, inorganic electron donors are
derived froin the halide  salts or halide complexes of transition metals
such as iron (Fe), cobalt 'Co), nickel  (Ni. )copper (Cu), rutherliur_-t
(RVC), rhodium (Rh), palladium (Pd), silver (Ag),  rheEtiunt (Re!), osmium
(Cs), iridium (Jr), pIatinun3 (P t} and ggcrld 'Au) by reduction  with K-
BEbH' or NR4 BEtiH- (wherein R is an alkyl having 6 to 20 carbon atoms). 20
These nanoparticles are stabilized by using quaternary-a: iitunium salts of
the  formula R' R-NR4'  R" wherein R, R!, R", R"' may be the same or di Ic
rent and are hydrogen, an alkyl  having 6 to 20 carbon atoms, an aryl
laving 6 to 20 carbon atoms, an aarylalkyl  25 having 6 to 20 carbon atoms.
Maine surfactants may also be used as stabilizers. 



In another embodiment, inorganic electron donors are derived from
transition  metals such as Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag, Re, Os, Ir, Pt
and Au by stabilizing 14 their halide salts, halide complexes or their
atetylacc:onatc (acac) complexes rasing  carboxylate salts of the type NR4'
R'CO , wherein R is an alkyl having b co 20  carbon atnms, and W is
hydrogen, an al 1, an aryl or an aavlall;vl having 6 to 20  carbon acorns.
In yet another embodiment. mixed metal inorganic electron donors 5 may be
obtained from mixtures of ttran iiion metal halide salts, their haiide
complexes and their acac complexes. In yet another emladiment,
electrechertvcal  reduction of the halide salts, halide compiexes or the
acne complexes of Fe, Co, N j,  Cu, Feu, Rh, Pd, Ag, Re, Os, I:, Pt and Au
are also used to prepare inorganic etecaon donors using a variety of
stabilizers such as THF, tctralwdrothioaphene, quaterlu ry  10 ammonium
salts and betainc surfactants The inorganic electron donors generally have
particle sizes of l to 100 nm  Within this range, it i.s generally
desirable to have inorganic e.ectron donors greater  than or egELal to 1.
5, greater than or equal to 2 nm Atso desirable, Withititi :his range,  it
is generally desirable to have organic electron donors less than or equa]
to 50, less 15 than or equal to 25, and less than or equal to :3 rim.
Without being limited by theory, the choice of stabilizer has an effect on
the  ciectrical properties of the device because different stabiltzcrs
exhibit different  dielectric constatits, The dielectric Constant 4f the
Stab t]:zLog ivtz) irri~5l SUrrnundirag  the metal influences the self
capacitance of the rkzilopit rticl :; in the matrix material. 20 For
example, the self-capacitance of a naked conducting sphere in a dielectric
matrix  with dielectric constant is is Cx~4r ax+ Where r is the radius of
the sphere and r is the der 1iLtjvity of tree spoL.'O. On the  other hand,
the self-capacitance of a conducting sphere kith a stabilizer coating  25
having dielectric permittivity, e,- in a matrix with dielectric
permittivity E111, land a  



relative permittivity r = @,nx t5 _JAE ~fa~l  COatf~+lj0.~lfH a() - C,) i5
where a is the radius of the metal sphere and b is the radius of the meta[
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
with protective shells having a thickness  ct I to 2 nm and, for example,
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  film in an amount of 0.05 to 45 wt o based on the total
weight of the film- Within this.  range [t is generally desirable to use an
amount of for example, greater than or equal  to about 3, greater than or
equal to about 5, and greater than or equal to about 8 10 wtl,, based on
the total weight of the film. Also desirable Within this ange is an  amount
of lees than or equal to about 40, less than or equal to about 30, and less
than  or equal to about 25 wt%, based on the total weight of the film.
Electron acceptors include, but are not limited to -hydroxvqu[noline,
phenothiazine, 9,10-dirnethylanthracene, pentaflsornaniline,
phthal^cyardne,  15 perfluoraphthalicyanine,.tetraphtenylporphine, upper
phthalocyanine, copper perfluorophthalocyanine, topper tetraphenvlporphine,
2-(9-dicyan^me hylene- spiro[a5]under-3-ylidene)-matononitrile,
4-pilenyiazo-benzene-1.3-tho], 4-(py;idin- 2-ylazo)-benzene-1,3-diol,
benzo[1,2,51th iadiazale-4,7-diL arbonitri]e,  tetracyanoquirrudimethane,
quirnoline, chlorpromazine, tetraphenylpornb;rte, copper 20
phtithalocyanine, copper perfluorophthalocyanine, or the like, or
combinations  comprising at least one of the foregoing electron acceptors,
The selection of the optirnum electron acceptor is influene d by its
electron  affinity It is possible to use one or more electron accela tors
to minimi7.e threshoId  



voltages while oftering improved env ironmerita I stabitity_ 25 The
electron acceptors are generally present in the electric field rcrS
rammable film in an amount of 0.05 to 45 wtd% based on the total 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 8 wM, based on the total
weight of the film. Also desirable within 16 thi5 rarige is an arnount of
legs than Or e'LlUal to a bou t 40, les-; t'h zLn Or 0 Clual to abou t  30,
-md lem tha n or equal to abuut 25 wtLY., ba se d on the total weight of
the f ilrn~ Whm ele ctron donors and eLection a co--ptars are to 'tie comb
uied in ihQ sa me  for mula tion, it is betieved that sorne d onors and
acceptoc5 will react to form d onor- ,3 acceptor cornplexas or,
alternatively, charge-timisfex salt& The extent of..reaction d-2pends on
the c!.[Qc~ron affinity Gf tho eh-ctron donor, the lonization poteritial of
thi-I  acceptor, kinetic factors such as activation energies, activiation
entropies and activ a tion volumes, and energies attributable to n-Latrix
effec t5. f rL ad dition to f orming 5pontaneously as a result of a rca
ct~on between el Oct ron donors and e[ectron  0 a ccQptc rs, danor-acceptor
comp lexes can be apton a [ ly a d d ed to the formulation to  adju st "oe
and "off" threshold voltag-cs, 'on" otato Currents, "off" state cuTrents
and rhe like. A wide aTray of donor-acce-Ptar complexes M01.1 be used. Such
complexc;s  includ E, but are Tiot hTni ted to, tetrathiafulvaIene -
tetracy anoquinodimet:nane, I-S- 1,LfoxaTnethylerketetrathiafulv~ilene -
tetracyanoquinodimetbane, tetraselenafulvalene  I  -
tetracyionoqui=dirnetharg hexamcthylenetctraselenafulvalerte -
te-racyanoquinodimethane: methylcarb~=Ic -
tf.-rmcyL-Lc)qkjinodiiiie[iiat)L-;  trc!traniethyltetraselenofulvalene -
Wracya-ioqu-dnodLr;-c-hanc; meal nanopart;cle- tetra cyanoquinedimeth ane
carnplexe.5 cvmpri.~ing gold, coppQr, silvor or iron, 20 ferrucene -
te7racyanDCILLinodin-tethane ccimpl,--xes; tetrathio~etracene,
tctrnrn~thyl-p- 



p henylened iairnine, Dr hexarnethylbenzene - tLtracyanoquinod I -nethane
co rnplexesr  te tra tb I a fu [valene, hexame thylenete tra thia~ulvalme,
tetrase len a F-a M3 lenw,  hexamethyleneteiraseten afu 1 val a-ler oz- te
trarnethyltet raselenof Ll IV ACrLe-N - alkylrzarbazole(C, - C1 a, linear
or branchcdl, compl exes. ~etra ddo te tracene, 25 tetrame
thyl-p-phenylenediarnirm, or rne ffiV1berkZeTLL -B LLCL-nins terfullerene
Cu  comp] exes, te tra thiahdValEner hexametlayiene t~~trathiafu I va lenc,
te traselenafulvalene, hex&Em thylene te traselenafu Ivalene, or ~e
tramethyltv ra selenofulvalene-N-alkylcarbaZOie(C 3 - CIO.. li-no Lar a r
brn ridl ed)  Cornp lexes, tetrathiotetraceTie, tetrame thy] -p-p henyle
nod iarninL, or 17 hexarnethylbenzene-tetracyanobenaene complexes,
etrathia[ulva ene,  hexamethylenetetra tltiaiuivalene,
tetraselenafulvalene,  hexamethyienetetrmelenafulvalcnc  or
tctrarnethyltetraselenohalvatene-N  aLkvLcarbaxole(Ci - Cta, linear or
branched) comp]arxes,  etrathiotetracen , . S
tetramethyl-p-phenyteneciamfne, or hexarnethy'.benzene-tet;acyanoethylen
cornplexcs, tctrathiaftalvalene  hexamethylenetetrat_-tiarulvalene,
tetraselenatulvalene, hexamethylenetetraseleLtafulvalene, or
tetrametityltetraselenotulvalene-N-aLkylcarbazoie(C  -C,a, linear or
branched) complexes, tetrathioterracene, tetramet: y]-p-phenv]erted`;amine,
or 0 hexatzxethylbenzene-p-chloraatil complexes, or combinattans comprising
at least one  of the foregoing donor-acceptor complexes. When donor
acceptor complexe> arc used, they are generally present in the  film in an
amount of 0.05 to 5 wt% based an the total weight of the Finn. Within this
range, it is generally desirable to use an amount of for example, greater
than or errua. 15 to about 0.08, greater than or equal to about 0_1, and
greater than or equal to about  0-5 wt%, based on the total weight of the
film. Also desirable within this range is an  amount of less than or equal
to about 4.5, less than or equal to abou14, and less Llian  or equal to
about 3.5 wt%, based on the total weight of t: re film. 



The solvent can be any liquid that dissolves the matrix material; the
electron  20 donors: the electron acceptors, and, optiosiafky, and the
optiona? donor-acceptor  complexes. It is generally desirable that the
ma*.rix precursor composition Or the  dielectric matrix material; the
electron donors; the electron acoeau)rs; WGtd,  optionally, and the
optional donor-acceptor cornpiexes remain in solution for a  sufficient
period of time to allow casting of the electric field progeernrnable filar.
?5 Accordingly, solvent systems that provide kinetically stab] e or
thermudvnainically  stable sokations are suitable. In general, casting
solvents should have a flash point  greater than or equal to 36C and a
boiling point of 120C to 300C. Suitable solvents include, but are not
limited to'',2-clitihloro-ben7cnc, Allisole, mixed xylene isomers,
o-xytene, p-xylene, m-xlene, diethyl carbonate, propylene 18 carbonate,
N'-CCU-RI, R'-COO-I' and P,.'-COO-R,-COO-R" wherein I' and R2 can be  the
same or different and represent Iutcitr, cyclic or branched alkyl a]k
Flene, a]kyne,  bet zy] or aryl moieties having .1 to 10 carbon atoms, and
Rl is a iinear or branched  divalent alkylerLe having I to 6 carbon atoms.
5 In one embodiment, the electric field programmable film composition cart
optionally contain a surfactant to forma colloidal susperlion, eatul:ion or
microemulsicm comprising wafer or another suitable carrier- Suitable
nonionic  surfactants irscluude alcohol ethoxylates, alkylphenol
ethoxylate9, and  alkylpolyglycostdes, It is desirable to Use alcohol
ethoxylates having, for example, 6 10 to 24 carbon atoms. It its also
desirable to use alcohol ethoxylates having, for  example, I to 20 ethylene
oxide groups- Allcylphcnol cthoxylates having 6 to 24  carbon atoms may
also be used as surfactants. In one example, alky]phenul  ethoxylates may
be used as surfactants, wherein the a]kylphenaI moieties have 8 to  10
carbon atorns and 1 to 100 ethylene oxide groups. Within this range, it is
15 exemplary to have 12 to 2U ethylene oxide groups, Alkylpoly~]yco9ides
having 6 to  24 carbon atoms may also be used as surfactants, Within this
range, it is exemplary  



to use alkylpolyglycosides with 6 to 20 carbon atoms- It is also exemplary
to use:  a]kyllioly lycosides having 1 to 20 glycoside groups with' to 20
glycoside groups  more exemplary, Ethylene oxide - propylene oxide block
copolymers may also be  20 used as surfactants. Suitable quaternary
rrulloni u-n surfactants include compounds having the  formula 25 RN }-I4 "
wherein R, R', R" and k"' are the same or different and may be. an alkyl,
aryl or  aralkyl group having 1 to 24 carbon atoms that can  ptlanaIly
contain one or more of  phosphorus, oxygeEL sulfur or nitrogen  eteroatoms,
and wherein X is F, , Br, I or  an alkyl sulfate. . 19 5uitabie aruornic
surfactants includ , alkylbenzene sulfonates having 6 to 24  carbon
atoms,%; olefin sulfonates having 6 to 24 carbon atoms; paraffin
s=aifonates  having i to 24 carbon atoms; cumene sulfoite; xvlcne
svdfortat-e: alcnho: s&fates  having 6 to 24 carbon atoms; and alcoho ether
su1Latea having 6 to 21 carbon atoms  with I to 20 ethylene oxide grou ps.
Suitable amphoteric surfactants include arn~ne oxide compounds having the
genera] formula R~-N 0  R" where R, R' and I? are the same or different
arid are each an alkyl, aryl or aralkvl 10 group having 6 to 24 carbon
atotni that can optionally Contain one or more P, C), S or N heteroatoms,
Another class of amphoteric surfact .- is includes betaine  compounds
having the formula; x' o  I II 



where R, R' and R" may be the same or different and are each an alky, aryl
or aralkvl  1 group having 6 to 24 carbon atoms that can optionally contain
one or more P, 0, 5 or  N heteroatorns, and n is 1 Co 10. If the electric
field programmable film compos[tion uti'czed a surfactant, it is  generally
desirable for the electric field prograrnrnabie film corttaosition to
contain  less than or equal to 10 w t% surfactant, less than or Cglata]
toil Wt'r'r sUrfat: tans and  20 less than or equal to 1 wt% surfactant, In
order to form the electric lzeU pro raYrrnable film, the electric field p
rogia minable film composition is Cast onto a sibstrate and an v solveni
present is  then removed. For spin-coating, spin speeds of 200 rpin ;o 610
rpm may be used.  Relative solvent evaporation rates are usually referenced
to the evaporation rate of 25 n-butyl acetate at 2n C. Desired evaporatior.
IaLCS for casting solvents are 0-03 to 2L0 20 TI lis solvent evaporQtiort
rate for example, should be gloater than or equal to 0.1. The  solvent
evaporation rate for example, is less than or ecuai to Y.O. In
manufacturing the electric field programmable film from the electric field
programmable film composition, various methods of manufacturing may be 5
employed. In one embodiment, the electric field programmable filer is cast
from a  solvent on a suitable substrate by processes such as spin coating,
spray coating, ink- jet coating, dip coating, blade coating and slot
coating- In another embodiment, the  electric field programmable film
composition carp optionally contain be. electrodepositcd from a colloidal
suspension, emulsion or microemuision  10 comprising water or another
suitable carrier. Once deposited, the film can be dried using a convection
oven, en infrared  oven, a microwave over, a radiant heater, a hard-contact
or proximity hotplate or  outer suitable heating device at temperatures of
1CC to 250C. The time of heating  is for in period of 15 seconds to 2-
hours, depending on the drying method used, It i<s 15 desired that the film
is brought to within 10C of the target temperature for at least  



10 seconds to 5 minutes, Whatever the method of drying, the final solvent
concentration in the film is less or equal to about 10 wwwt `o, with less
than or equal to 5  wt% being exemplary, and less than nr equal to 3 wt
being even more exemplary,  based on the total weight of the electric field
progran-unable Elm 20 As stated above, the film may be used in a
cross-point array. When the film is  used in a cross point array, the
electrodes may be electrically coupled to the electric  field programmable
film, The cross point array may advantageously include an  eledtrica[
coupling element. Art electrical Coupling eleaient is a component
interposed between the electric field programmable Film or electric field
25 programmable film element- Examples of elect-rical coupling elements are
a bit line  or a word line. An electrical coupling element can provide
ohmic contact, contact  via a conducting plug, capacitive contact, contact
via an intervening tunnel junction,  contact via an intervening isolation
device such as a diode or a transistor or contact  via other electrical
devices zT A word line is the condo;tar or semiconductor.tha  Seigc~s the
desired bit in a  random access mcrnory device. It i5 also -alle:i the
select line. W hen the word line is  asserted, the bil can either be read
or written- When the device is svmrrtetr:cal, the  designation of '"word
Line" or 'bit line" can be arbitrary. A word line array is a 5 ' plurality
of word lines arranged in essentially parallel fashion. A bit [irwe is the
conductor or semiconductor that roads or writes the desired bit in a random
access  memory device- ' hen'the word line i_; asserted, the bit i;s
se]ectod and can be either  read or written. When the device is s
-mme-ricai, the E~edgnation of "word line" or  "bit line" can be arbitrary
A bit line array is a plurality of bit lines arranged in 10 essentially
parallel fashion. The electric field pt ;rarnmable film obtained from the
electric field  prograrnmablc film composition mar be used in electronic
memory and 9W it ping  devices or data storage devices. These devices may
contain either a single Film or  



mca]tiple films- Devices hav'ng multiple films are generally termed stacked
devices 15 The following figures depict a number of exemplary embodiments
in which the  electric Field programmable film may be used, Figure 1(b)
shows one exam^ie of a  cross point array having a single electric f ield
programm ble film 2, Coupled to a  First electrode, 3, a second electrode,
4r a variable programl-ead voltage source  connected to the first
electrode, 5 and a reference or ground coruiected to the second 20
electrode, 6. Fi zre 2(a) shows a cutaway view of a cross potnr array data
storage  device with a continuous electric field prrsgrarntnable fiirn
represented by 7, an array  of word lutes, an example of which is 8, an
array of bit lines, an example of which is 9 and the electric field
prograrnnuzble film element 10 formed by the interposing  electric field
programmable film 7 at the intersection of word line 8 and bit line 9. 25
Figure 2(b) shows a cutaway view of a cross-point array data storage device
with a  plurality of pixilated electric field programmable film elements
represented by 11.  Each electric field programmable film element is
electcically coupled to a word line,  exemplified by 12, and a bit line,
exemplified by 13, in addition, there are a plurality 22 of electrical
coupling clernaa ts, exemplified by 14 in;ernosed betweer, the electric
field programmable films and the word lines. Figure 3(a) shows a schematic
diagra of a cross potnt array device  comprising electric field
programmable film elements, represented by 16, electrically  5 coupled to
anexemplaxybit line, 17, and an exemplary word 10c, 18, via exemplary con
.rnectbons,19 and 20, respectively. Also shown in block diagrams form are
the  sensing electronics, 21 and the polling electronics, 22. Figure 3(b)
shows a schematic  diagram of a cross point array device comp rising
electric field programmable film  elements, an example of which is shown by
23, electrically coupled to an.exemplary 10 bit line, 24, and an exemplary
word line, 2:}_ The electric field programmable film  elements are
electrically coupled to their respective bit limes, exemplified by the
connection at 24, via isolation diodes, an example of which is shown by 27
and  



further electrically coupled to thctr respective word lines at 28- Also
shown in block  diagram form are the polling electronics, 29 and the
sensing electronics, 30 used to 15 address the individual bits and amplify
the signals obtained from them. Figure 4 shows a cutaway pareially exploded
view of a stacked data storage  device on a substrate, 31, comprising a
first device layer, having a vertical line array  with a plurality of
conducting or semiconducting e[ectrodes, exemplified by 32, and  an
insulating material having a dielectric constant, 33, an electric field
programmable  20 film, 34, electrically coupled to the conducting or ing
electrodes exemp[ffied by 32 and the conducting or semiconducting
electrodes, cxemp]ifiad by.  35, in a horizontal line array with each
electrode being lsnlaied from, its nearest  neighbor by an insulating
material having a dielectric constant, exemplified by 36, a  second device
layer, separated from the first device layer by it dielectric insulating 25
layer, 37, having a vertical line array with a plurality of conducting or
setniconducing electrodes, exemplified by 38, and an insulating material
having a  dielectric constant, 39, an electric field progrommablo film, 40,
electrically coupled to  the conducting or semiconducting electrodes
exemplified by 38 and the conducting  or semiconducting electrodes,
exemplified by 41, in a horizon taI line array with each 23 elecrrude
being  isalated  ftom its n3areo  T=ghbor  by an k=  latir g  inateftal
having a  dielectric curistarit , exemplified bv 42. In geneTal , the
harizenta!  lires  &nd Lh~L  vertical  hne5  ilitersec! each  Qthcr
without direct physical and electrical contact, and wherein at each
prerujbod 5 intersection of .9 horizontal iin e and a  vertical line, the
horizontal line is  electricauy  coupled to the first s urfacc of the el
Qctric field programmable film  elemcnt and the  vertiral line i~, eh~ar
icafly Qouple d to the!5 ~ecundsmfar- e of the electric field  programmable
film element and whereffi   saLd  stacked data storage device comprises  a
configuration selected from 10 [H P V D]"-1 1i F V,  



[V PH Dj'1 V P IL  JH P V Fl. H, and  [V P 1i Pj'.' V, where n-1 and  rn
repruse  t the number of repeating layers, n = 1-32, rn - 1- 16, H is a  !S
hori-zontaI  line array, V is a vertical  LnQarr@jy, 11 is;~ set- of
elecLric  field  programinabl  Elm elements arrayed in  ssentiaHy  opkmax
fashion, and D is a  dielectric insulatuig  layer. In addition to single
layer rnemory structures  describM above,  Multl-laycmd  -9 tTvc ta res
Endica  Le only -t (ew d e vice 1.9 yers  f or Simp h  6 ty,  a larger
nurnber is contern pla te  in accordance with the a ppende  d clairns
Figures 4 and 5 show stacked stuictures separated by a di electric
isolation  24 tetraethylorthosilicate (TEO) or other silicate, siIican nit
ride. silict;n ox Fn.it: ide,  titanium dioxide, and the like are used fur
.his Purpose. In audition, arSanic and  organosilictn isolation materials
such as spin-on glass formulations comprising  siloxanes having Ci-Cin
alkane substitution;, substituted si[ esquioxanes having C, 5 Coo alkyl.
aryl or alkylaryl substitution., fLuoronolymers comprising
tetrafluoroethylene, polyirnides, and the like isolation of individual bits
along, for exa.noie. a word line is accompiished  using contact diodes truc
tures of the kind described and shmvn in Figure 5- Stacked  devices in
which electrodes are shared between device layers are exemplified in 10
Figure 6_ These stacked devices are distinguished in that they do n a t use
isoiatioct  layers. instead, the word-line is shared between adjacent fie
[d programmable film  layers. Figure 5 shows a cutaway partially exploded
view of a stacked data storage  device raving a substrate, 43, a first
device layer and a second device layer. The first  -15 device layer
comprises a vertical line array having conducting or semiconducting, lines,
exemplified by 44, in contact with a conducting or semniconducttng
material,  



exemplified by 45, having a different work function than 44 thus forming a
contact  diode, and insulators having a dielectric constant, o.xk iplified
by 47, an electric field  programmable film, 46. and a horizontal line
array comprising conducting or 20 semiconducting lines, exemplified by 4E
and insulators hav"sng a dielectric cnnstani,  exemplified by 49. The diode
comprises an anode romprisi:tg a metal having a work  function between 2.7
and 4.9 eV and a conducting polymer having a work function  greater than 45
eV, Portions of the bottorn surface of 46 are electrically co ipled to  the
luxes, 44 via the contact diodes formed by 44 and 45. Portions of the top
surface  25 of 46 are electrically coupled to the lines, 48. The
semiconducting lines generally comprises a material selected from p- doped
silicon, n-doped silicon, p-doped amorphous silicon, n-doped nrnorphous
silicon, p-doped polycrystalline s!licot , n-doped polycrystalline sE[icon,
tantalum  siIicide, titanium silirile, tungsten silicide, vanadium
silicide, p^lyacetylene, 25 polyp rrole, polvandirie,.polythiophene,
poly(3r4-ethy]enedioxythophne).  PEDOT - P5 , poly(para-pherryiene) ,
poly{pyridine),  polyfuran,  poiyfluorene ,  polyphenyterxevinylene,
polysclenophene , poly(per i-naphthalene), polyazulene,   polycarboaole,
polyindole ,  polypyrerie,  poly(p-phenylene sulfide), poiyphenylene  5
oxide, polyquinaline  polyacenaphthylencdiyl , polyisothianaphthen e,
polyrtaphthothiophene , poly(p-hydro-quinone-alt-thiopherie) or
po]y(furan-co- pheny]erw). Figure 5 further shows, in cutaway form, a
second device layer, isolated frorn  the first device layer by an isolating
film. 50, having a dielectric constant- The 10 second device layer
comprises a vertical line array having conducting or  semiconducting lines,
exemplified by 51, in contact with a conducting or  semiconducting
material, exemplified by 52, having a different work function than  51 thus
forming a contact diode, and insulators having a dielectric constant,
exemplified by 54, an electric field programmable film, 53, and a
horizontal Lure 



15 array comprising conducting or serniconductirtg Ines, exemplified by 55
and  insulators having a dielectric constant, exemplified by 56_ Portions
of the bottom  surface of 53 are electrically coupled to the lines, 51 via
the contact dinde.s Formed by  51 and 52. Portions of the top surface of 46
are electrically coupled to the 1ities. 55,  The first and second device
layers in Figure 5 are shown aiignod with one ap(itlwr 20 but can be offset
to facilitate interconnection_ in Figure 6 is provided a partially exploded
cutaway view of yet another  stacked data storage device comprising a
substrate, 57, and three device layers- The  first device layer comprises a
vertical line array having conducting or  semiconducting lines, exemplified
by 58, in contact with a condvctirg or 25 semiconducting material,
exemplified by 59, having a different work Function than  58 thus forming a
contact diode, and insulators having a dielectric constant,  exemplified by
61, an electric field programmable film, 60, and a hortzbntaI line  array
compri'4i conducting or sericonducting lutes, exemplified by 62 and
insulators having a dielectric constant, exemplified by 63. Portions of the
bottom 26 surface of 60 are electrically coupled to the lines, 58 via the
contact diodes formed by  58 and 59_ Portions of the top surface pL 60 are
electrically coupled to the bottom  sides of the lutes, 62. The second
device laver in Figure 6 comprises the same horizontal line array  a as the
first device laver, having conducting or sernicartducting tines,
exemplified by  62, and insulators having a dielectric constant, exe
ap[ified by 63, an electric field  programmable film, 64, and a vertical
line array comprising. conducting or.  semiconducting lines, exemplified by
66, in contact with a conducting or  serniconducting Fnate-ial, exemplified
by 65, haviing a different work Function than 10 66, thus forming a contact
diode, and imulato;s having a dielectric constant,  exemplified by 69.
Portions of the bottom surface of 64 are electrically coupled to the  top
surfaces of the lines, 62. Portions of the top surface of 64 are
electrically coupled  



to the lines, 66 via the contact diodes formed by 65 and 66. The horizontal
[inc array,  comprising the conducting or semiconducting liner, 62 and
insulators, 63, is shared  15 by the first and second device layers. The
third device layer in Figure 6 comprises a verticaI line array having
conducting or semiconducting lines, exemplified by 66, in co r3ta;;t with a
conducting  or semiconducting material,  emplificd by 67, having a dif:e
rent work Evtnction  than 66 thus fornning a contact diode, and insulators
havL--lg a dielectric constant, 20 exemplified by 69, an electric field
progra:nmab]e t in,, 68, and a horizontal line  array comprising conducting
or semiconducting lines, exemplified by 70 and  insulators having a
dielectric constant, exemplified by 71. Portions of the bottom  surface of
68 are electrically coupled to the lines, 66 via the contact diodes formed
by  66 and 67. The third device layer in Figure 6 shares the electrodes
exemplified by 66 25 with the second device layer via 67. Portions of the
top surface of 68 are electrically  coupled to the bottom sides of the
lines, 70. Figure 7 provides, in cutaway, contiguous, 7(a)_ and exploded,
7(b), views of a  portion of a data storage device in Y%,hich the memor)r
elements are isolated by  junction diodes. A p-type semiconductor, 72, is
used as the substrate, with a vertical 27 n+ bit line array, exemplified by
73, a plurality of p- zones doped w,, thin each bit  line, exemplified by
74, a patterned matrix for isolating the electric field  propsamenable film
elerments, 75, electric field programmable film elements, exemplified by
76, and conducting or semiconducting word lines, 77, each in contact  D
with a row of electric field progranunabie film elements- The pi- regions,
74, and the n+ bit lines, 73, form an array of isolation diodes, which
electrically isolate the  intended bits for reading, writing aril
addressir, Addressing an individual bit in a cross-point array such as
those in Figures 2  and 3 requires isolation of the seiected bit From the
contiguous bits as well as the bits  10 along the same word line. In
general, this isolation is effected by introducing an 



asynrL-retry in the "on" and 'off' threshold voltages for the device where
the  magnitudes of the "on" and off' threshold voltages difeer
ARni:icantiy. One method of producing such an asyinmetry is by forming a
inorganic oxide  on one of the electrodes prior to the deposition of the
electric field prograr:tmable 15 film, This can be accomplished by allowing
the metal of the electrode to form a  native oxide in air ar, more
actively, by oxidizit g the metal electrode in ozone. In  this way, the two
electrode surfaces are electrically coupled to the electric field
progranut tble film in different ways; one i; electrtcally coupled via
capacitive  coup]irxg while the other is in direct contact- The oxide
coating on the electrode must 20 be sufficiently thin to enable charge
injection into the electric field programmable  filrn via tunneling, hot
carrier injection or electron hoppi.rtg. For example, aluminum  oxide,
thicknesses of 0.5 to 3.0 nm are used Another method of pro du ring such an
asymmetry is by Using metals with  differing work functions. The work
function is defined as that energy required to  25 remove an electron from
the surface of the metal to lr unity- While different crystal faces of
metals and other elements exhibit different work functions, the electrodes
user on the electric field progrannrrtable films are poiycrystall nc.
Accordingly, the  work fun--won comprises an average of the crystalline
forms in contact with the  electric field programmable film. By way of
example, consider an electric field 28 programmable film in contact with an
aluminum electrode on one side ({I' - 4.2  electron-volts (eV)) and a
nickel electrode on the other (' - 5.2 tV), If the forward  bias is de&ted
as proceeding from the aluminum electrode to the nickel electrode,  with
the aluminum electrode being the anode, the magnitude of the forward bias S
voltage required to initiate the "on" state will be higher than the
magnitude of the  reverse bias voltage squired to impose the "off' state.
Anior'tg the transition  elements, Al Cr, Fe, Re, Rte, Ta, Ti), V, W and Zr
atl exhibi t work functions less Char  5 eV, Rh exhibits a work function of
approximately 5 eV and Au, Cu, Ir, Ni. Pd, and  



Pt exhibit work functions-greater than 5 eV. 10 Still another way to impose
asyrnrnOry on devices comprising field  programmable films is to introduce
contact diodes using organic conductors and  semiconductors. Such diodes
are described in L 5- Roman and 0. Ingan ts, Synthetic  Metals, 225,
(21102), 419 and can be further understood by making reference to Figures
2(b) and 5. In brief, these diodes comprise a lour work function conducting
15 polymer aur_h as po]y(3-{2'-inethoxv-5'-octylpheny])thiophene) (POMeCPT)
((D - 3 eV) in contact on one side with an Al electrode ( -- 4.2 eV) and on
the at_her side  with poly(3,4-ethylenedioxythiophene) doped with
poly(4-sty renesulfonate)  (PEDOT - PSS) ({h - 5.2 eV), which, in turfy is
in contact with an aluminum  electrode- In the device POMeOI'T is
interposed between the eectric field 20 programmable film and the meta]
electrode- Alurninuin or some other metal having  a similar work function
electrode such as copper <1I0 'T - 4-5 eV) is applied to the  opposite side
of the electric field prograrrrmabfe fiEm_ Other Lrganic cond uttors and
senucanductors that are used in this invention are doped poivaniiine, doped
polypyrrole, polythiopheno, and polyxphenylene vinylene. In addition, one
can use  25 indium-tin-oxide (ITO) to introduce an asytxxrrmetry in the
"on" and "off" voltages in  like manner to the above examples. Stili
another way to introduce an asymmetry in the "ors" and "off" voltages is
to place the device in Lontact with a semiconluctor diode of the kind shown
in  Figure 7. Yet another way to isolate the "on" and "off" voltages is to
place the 29 device in electrical contact with a field effect isolation
transistor, This can be effected  such that the field programmable film is
electri cally coupled to the source or the  drain of the transistor either
via a metal "plug" electrode or directly, such that the  device Carl only
be probcd or programmed when the gate in an "open" condition. 5 Some
embodiments 0F the invention will row be described in detail in the
fallowing Examples, in the formulation examples all weight percents are
based or,  



the total weight of the electric field programmable fi]rn c  ornpasiIjon
unless  otherwise expressed Example 1: Cold rianoparticles  were
synthesized at room temperature using a  10 two-phase arrested growth
method detailed by M- J. Hostetler, et- aI.,  Lzngrnuir, 14  (1998) 17). 50
milliliter (ml) aqueous solution of 0.62 grams (g) HAuC14,3H2 0 (2  equiv)
was added into 80 ml toluene solution of 3.O g of  tetremtylamrnon]um
bromide (5 equiv)_ The mixture was vigorously stirred for 1 hour. The
organic phase  was collected and 0.4 m] dQde cane thiol was add to the
reaction mixture- The 15 resulting solution was stirred for 10 minutes
(jran) at room temperature- The  solution was then stirred vigorously and
50 ml aqueous solution of NaBH4 (0.7mg, 20  equiv) was added over a per-sod
of 15 min- The mixture was further stirred at room  temperature for 1 hour
(h)- The organic phase was then collected, and the go]d  nanopartieLes were
precipitated by adding 400 mt methanol, The black precipitate 20 was
separated from the solution. 20 ml te trahydrofura n was used to di soIve
the black precipitate and mother 200 ml methano to re-rrc ipitatc the gold
nanoparticles. This dissolving (in tetrahydrofuran) and precipitating
(with.  methanol) process was repeated three times to remove kite
phase-transfer catalyst,  excess thioi, and by-products. The metal
nartoparticlcs were dried in air or in .vacua, 25 Example 2: Cold
nanoparUcles were prepared by the same process as  Fxarnple ] except that
0,6 ml dodecanethiol was added during the chemical reaction.  Example 3;
Gold nartoparticles were prepared by the same process as Example I except
that 0.8 rrtl dodecanethioE wtLS added during the chemical ruction. 30
Example 4. Silver nanoparticlea were synthesized at room tenperarure using
a two-phase arrested growth method detailed by B_ A_ Korgel, S_ Fu11an-i S.
Connolly, and D_ Fitzmaurice, J. Phys. Chem- E, 1112 (1998) 8379. 30 ml
aqueous  solution of silver nitrate (0.31 g) was added into 14.11 Ml
toitLene solution of phase 5 transfer catalyst (3-2 grams (CBH17)4N13r) and
stirred vgorously for I hour- The  



organic phase was subsequently collected and 0.4 ml dodecanethiol was
added.  After the dodecanethioltAg- solution was stirred for 15 rrdn. 911
ml of an aqueous  solution of sodium borohydride (Oa85g NaEl-14) solution
was added dropwise over  20 minutes- The reaction mixture was stirred for
12 hours before the 10 organiclnariocrystal-rich phase was collected. 4-00
rnl methanol was added into the  organic phase to precipitate the silver
nanoparticles and the silver rianoparticles  were washed with methanol
three banes. The silver rtanoparticles were dried in  vacuum and Roared in
nitrogen atmosphere to avoid oxidation by oxygen in air. Example 5: The
bottom Al electrodes with the width of 0.2 millimeter (mm)  15 and the
thickness of 30 rem were deposited on lass substrates by thermal
evaporation. The electric field programmable film was formed by spin-
coatir 1,2- dichtorobenzene (DCB) solution of 1.2 % polystyrene (P5) (as
matrix), 0,4 %  drrdecanethiol-protected Au rtanoparticles (Au NT' by
Example 1) and 0.4 $ 8- itydroxyquinoline (SHQ) (as electron acceptor). The
film was then baked at 80C for 20 30 minutes- The device was completed by
thermally depositing the top Al electrodes  of 50 nm thickness and 0.2 rnm
width at a vacuum of 1X10 Torr_ The jtvtction ores  of the top and bottom
electrodes was 02 X 0.2 mm=. Such devices are represented by  the
nomenelahare'Al)PS+Au N-P+SHQJAl'. The 1-V curve was tested in air using an
HP 41558 sernicortductor parameter analyzer- The device exhi'.bired very
low current  25 (1.7 nano ampere (n A) at 1.5V) during the first scan below
the elecrrical on" threshold, A transition took place at approximately 3V.
The current jumped more  than three orders of magnitude. The device was
stable at the high conductivity state  (curve b) with a current of 2.2
microamperes (PA) at 1,5V sarC state). The Lie vice  was returned to the
OFF state by applying a negative voltage (-2.5 V)_ It was 31 determined
that the device could return to the "ON" state again under positive bias
above approxirtate]y 3V. He:tce,- the device was stable in both the ON and
OFF  states and can ~e switched between these two states by simply applying
electrical  



bias, 5 Examples 6-13: The device.5 in example 6 to 13 were fabricated by a
process similar  to that in example 5 with different mate; ials as the
electrode, matrix, nano particles  and electron acceptors- The solution for
the electric field programmable film contained 1.2 % polymer, 0.4 %
nanoparticle aced 0.4 % electron acceptor in 1,2- dichlorobenzene. The
materials and selected performance patarneters were listed in  10 the
following Tables 2, 3 and 4_ (V'th; the threshold voltage at which the
"ort" transition takes place, Iorp and Ian are the currents in the low and
high conductivity  states, respectively). 32 Table 2 Examp?e67 t Electrode
1Al A] Al Matrix PSPS PS NanoparilclesExample 4Example 3 Example 2 Electron
acceptor81Q8HQ 9,10-dirnet'nyl- anthraccne Electrode 2AlAl Al Vth ()3.02.7
6.1 Iuo-r 1J2 Vrh (nA)1.73 _ 0_ 04 5 lord G1(2 Vah (rtA)23,230 1,000 1,728
Table 3 Example9 1011 Electrode IAlAlAl MatrixPSPSPS NanoparticlesExample
2Example 2 Example 2 Electron acceptor Peretafluoro- 



29H,31H- Copper (II) anilinephthaLocyarnine phthalo}yan ne Electrode 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 Example12 13 Electrode 1Al Al Matrix PMMAFNMA
Nanoparticlc t Example 1Example 4 Electron acceptor8 3Q8i Q Electrode 2A'Al
Vu, {V)2.4. I.8 IoF X112 VLn (nA)434.08 IoN 61/2 Vth (nA)2,80026,850
Example 14: 5ubstratcs comprising indium tin oxide (ITO) on glass were
pattered Lithographically. The width of the patterried ITO electrodes was
t7.2 nun. S The electric field programmable film is formed by spin-coating
1,2-dichloraberizene  solution containing 1.6% PS, 0,6% SKQ and 0.45% Au
GIPS (from Example 2) on  patterned ITO on glass substrates- The fiLms were
baked at 80'C for 30 winu tea. The  top Al electrodes of 0.2 rnm width were
deposited at a vacuum of 10-5 Torr- Electrical bistable behavior was
obtained with a threshold voltage at 2.0 V, an OFF 10 current of 55 nA at
1.0 V and an ON current of 3,900 naraoimperes (nA) at 1,0V_  Examples
15--21 Devices in Examples 15-21 were fabricated by the same  process as
Example 5. The results are shown in Table 5. The substrate is glass, the  



top and bottom electrodes were rnaraufactured from Al having a 0.2 trim
width- The  solution for the electric field programmable film was 1.29XD
P5, Au [' (from Example 15 1 ) of various concentrations and SI-IQ o ;
various concent; atioi- . 34 Table 5 Example15 i16.17IS192021 Concentration
of Au NP 001 ' 0.10,50.3().30.3 ( ) II Concentration of 8HQ (
6)0.40.40.40.40.120.61.2 Vth (V)3.12.52.52.432.52.6 lrm C0112 Vth
(n_A)0.460.360-460,658,60.4622 loN O V2 Viii (nA)6,7005,200 13,6002,000SWi
4,500 14,200 Example 22; Devices were fabrica!ed by the same process as in
Example 5_  The formulation for producing the electric field progra x
znable film contained 1.2 % 5 PS and 0.4 % SHQ in 1,2-didlorobenzene
without Au NP_ An electrical transition  takes place at2-1V. The current is
0,68 T , nA at 1_QV in the OFF and 0N  states, respectively. The device in
the ON state could not be turned to the OFF stare  by applying a negative
bias Example 23; An I-V curve of the device of example 5 Was tested under a
10 vacuum of 10-3 Torr. The OFF current at half threshold vo,'tage was 3.5
X 10-3 n. , the  ON current at half threshold voltag.j v gas 3.5 X 103 Ti
A_ Example 24; The I-V curve of the device of example 3 was rested in
nitrogen  aLmasphere (gluve. box filled with nitrogen). The OFF current at
half threshold was 0.1 nA, and the ON current at half threshold was 1,000
nA, 15 Example 25; The device of Example 13 was aperatei( by the falLawing
procedures. (1) A pulse of 0.9 V was applied to the device at the OFF state
to obtain a  



current of 0,1 nA (this can be defined as "n ff"); (2) A purse of 2.5 V
with a pulse  width 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 V with a pulse 20 width of 1 ps was applied to
the device; (5) A pulse of 0.9V was applied to obtain a  current
of0.1nA("off"). 35 Example 26_ The device of Example S was operated
according to the  following procedures. (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
pulse of 6.5 V with a pulse width of  1 us was applied; (3) Aa pulse of 3.0
V was applied to the device and a current of 5 1,730 n.A was obtained (this
can be defined as "on"); (3) Aa pulse of -4.0 V with a  pulse width of I
.L5 was applied to the device; (3) Aa pulse of 3.0 V was applied to  the
device to obtain a current of 0.6 nA (,.off'"). Example 27: A voltage pulse
of 5 V with the width of 50 ns was applied to the  devices of example 7 in
the "off" state. After applying the pulse, the device turned to  10 the
"on" state Example 28. Al electrodes were formed on a glass substrate by
thermal  evaporation as before- A PEDOT - PS(available from Bayer) coaNrp&
of about 30 nrr.  was then spin coated on AL glass- The electric field
programmable hIm was fnrmod  by spin-coating a solution of 1,2-dichlorob
ene of 1.2% PS, 0.4 % Au NTs firom 15 Example 2) and 0.4% SF . A top Al
electrode was theft formed by thermal  evaporation. '!'he device had
stability at the ON and OFF state and the I-V curve was  unsymmetrical in
the positive and negative bias. In Pi u-e S are provided plots of current
vs_ applied voltage for the device of  Figure Mb), wherein an electric
field programmable film of approximately 100 nm  20 thickness was spin-cast
from a solution comprising 0.4 wt% gold nannparticle electron donor, 0.4
wt% 9,10-dimethylanthracen,e electron acceptor, 1,2 wt%  polystyrene matrix
material and 98 wt% 1,Z-dichlorobcnzerte solventr Wherein the  



weight percents were based on the total weight of the electric field
programmable  film composition. After coating, the film and substrate were
baked at 80C for 30 25 minute on a hotplate. The first and second
electrodes containeLI evaporated  aluminum crass point electrodes having a
width of 0-2 mrn, configured so that the  electric field programmable film
was positioned between the electrodes- The  programmed voltage source and
current measurements were pro vid e d by an  Agilent 41455 semiconductor
parameter tester. A first forward voltage scan, 78, 36 from 0 to B V was
perf ormed, indicating a f LTst current tran sition [Torn " oLP' to "on"
at approximately 6-2 V. A second vol ta ge scan ~rom 0 to 8 V, 79. 5howe d
a "high  cmrent condition ftom 0 to 62 V, in d is ftnction to the low
current rondition  ob2~,--rved in the previous plot, 78. During a third
vuftagt~ scan ftom 0 to -4 V, Elo,.a 5 second curtent transi hon w~i s
indlu ced f rom `orC to "of f " ia t apprax, i M-A teiv -3 V. 37 We clan:
1. A composition for the formation of an electric field programmab[e film,
the composition cornp rising a matrix precursor composition ^r a dielectric
mate ix material, wherein the  dielectric matrix material comprises an
organic polymer and/or a inorganic oxide; and are electron donor and an
electron acceptor of a type and in an amount  effective }.o provide
electric field prograrnrrung_ 2, The composition of Claim 1, wherein the
matrix precursor composition  comprises styrene, 4-hyclroxysryrene, C1 -
Cia linear, branched r3r cyclic alkyl, Cs - C,o linear, branched, cr cyclic
a]koxy, Cb- Cio aryl or aralky], or Ca - CLD arvfa y or aralkyloxy
substituted styrene, vinyl acetate, vinyl alcohol, (rneth)acrylorLitrfle,
(meth)acrylic acid, Ci -Cia linear, branched or cyclic alkyl or Ca - Coo
aryl or aralkyt  (meth)acrylale esters, Ci - Cia linear, branched or cyclic
alkyl or Cs- CID aryl or  



aralkyl cyanoacrylate esters, Cl - Coo linear, branched, or cyclic all<o y.
Ct - Cie aryl,  arylalky], aryloxy or atylalkyloxy dialcohols; C: - Q0
li-learr branched, cyclic alkoxy,  Ca - CLa aryl, ary]alkyl, aryloxy or
arylalkytoxy diacids, C1 - Cio linear, branched, or  cyclic alkoxy; Ci -
Cie aryl, arylalkyE, aryloxy or arvla&kyloxv dicdcohols; C1 - CLo  Linear,
branched, or cyclic alkoxy, Ca - Coo aryl, arvla]kyl, aryloxy or aryls
lkyloxy  diacids, Ci -Ce4  linear, branched, or cyclic  alkoxy, C6- Cto-
aryl, arvialkyl, arvtoxv or  arylalkyloxy diamines,  p olymeritable
aligome:s comprising a t ]east one of the  foregoing monomers,
polymerizable  polymers comprising at leas; one of the  foregoing monomers,
or a combination comprising at least one o; the foregoing  monomers,
oligomers;  Or polymers, and further wherein polymerization of the  matrix
precttsar composition provides a dielectric matrix material. 38 3. The
composition of Claim 1 or 2 wherein the dielectric rnatrix material  is a
homopolyrner or copolymer and has a dielectric constant of greater than 2
4. The composition of Claim ? ^r 2 wherein the dielectric matrix material
is a homopolvmer or copolymer and has a dielectric constant o12 to 500. 5.
The composition of Claim 1, wherein the organic polymer is a polyolefins,
poly(meth)acrylates,  polyesters, pa [yarn ides,  novolacs, polysiloxaries
,  polycatbor ates , polyimides,  polyacetates , polyalkyds,
polyamideinudes,  polyarylate s, polyurethanes, polyarylsulfone ,
polyethersu!kn , polyphenylene    suIfide, polyvinyl chloride, polysuIfone,
polyetherirnide , polytetrafluoroethylene,   polychlorotrifuoroethylene ,
poiyvinylidene fluoride, polyvinyl fluoride,  polyetherke tone, polyether
etherketone, pnlyether ketnne ketone or a combination  comprising at least
one of the foregoing organic polymers 6. the composition of Claim I.
wherein the inorganic oxide is a  composition of the formui a  Aw&CYC,  



where w, x, and y are 0 to 30, and z is I. to 60; A is calcium, strontium,
or barium, $ is  bismuth, zirconium, nickel or le ad, and C is titanium,
niobium zirconium vanadium,  or tantalum and wherein  stoichiometty of the
inorganic oxides is constrained to give  approximate charge neutrality. 7.
The composition of Claim 1, wherein the electron acceptor i5 S-
hydioxyquinoline ,  phenothiazine , 4,10-dimethylanthracene,
pentafluoroansiine, .  phtbalocyanine,  petfluorophtha]icyanine ,
tetraphenylp r rpnin .etraphenylporphine ,  2-(9-
dicyanometltylene-spito[3.5]under-3-ylidene)-rnalononitrile.4-phenylazo-ben
zen  - 1,3-dial, 4-(pyridin-2-yfazo)-benzene-7,3-dio 1,
benzo[1,2.5]thiadiaznie-4, 7 39 dicarbonitrile, tetracyanoquinodimethat:e,
quinoine, a~.lorpromazine,  tetraphenylporphir,c, or a cotrrbinaticrn
comprising at least one of the fare oing  electron acceptors, 8. The
composition of Claim 1, wherein the electron donor is an organic  electron
donor or an inorganic electron donor, 9. The composition of Claim 8,
wherein tbb4 organic 1leLtron donors are  tetrathiatulvalene, 4,4',5-tr
imethyitetrath.iafulvaiene,  bis(ethvlenedithio)tetrathiafu]valene,
p-pherivIerrediamine, N-ethylcarbazoLe,  tetTaathictetracene,
hexamethylbenzene, tetcamethvttetrase]enofulvalene, or hex amethylenet
etraseletiofuly a lcnc . 10. T; e cornpos:tion of Claim B, wherein the
inorganic electron donor  comprises metal-halide salts or the
acetylacetonate co:nplexcs of transition metals  that ale reduced by K'
EEtsH- or NR4' fEthi-I - and stabilized using tetrahydroEuran,
tetrahydrothiophene, quaternary atnrnonium salts or betainc surfactants,
11. The composition of Claims 3, 9, or 10, wherein the electron donor has a
protective organic or inorganic shell. l . 'l,he composition of Claim 1,
fort er comprising donor-acceptor  complexes, wherein the donor-acceptor
complexes are TTetrathiafulvalene - 



tetracyanoquinodirreethane; hexamet" ylenetetrathiafu]valene -.
tetracyanoquinodimethartc; tetrascienafulvalene -.
tetracyanoquinodirnethanc;  hexamethyiertetetraselenafulvalerLe - tetraey
quinodimethane; methvlcarbazole- tetracyanocluinodi-methane;
tetramethy]tetraselenofu]valene  tctracyat oquinodixncthane; metal
rtiartoparticle- tetracyaetnauinodimatltiane  complexes comprising gold,
copper, silver or iron" ferrocene 4D tetracyanoguinodimethane complexes;
tetratfliotetracene, tetrametlrv!-p- phenylunediarn ne, or
hexamethylbenzene - tetracyancoqu. modimethune co-^,tnlexes;
tetrathiaftrvalene,hexarnethylcnetetra thiafulvaiene, tetraseIenafuivaiene,
hex amedtvlenetetraselenafuivalene, or tetrazncthylretiase]enu:ulvrlene -
N- alkylcarbazole( i -C,rv linear orbrenchcd) complexes; tetra thio
tetramcthyl-p-phenylonediarninc, or hexamethylbenzene -
Eiurkminstirfullerene Cs(camp lexes; tetrathW-alvalene, hexamethyWne retra
thiafulvaiene, tetra selena Fulv a lene, hexamethylenetetraselenafulva]ene,
tetramethyitetraselenofu]Valene - N-alkylcarbazole(Ci - Cie, Iinea: or bran
&~e d)  complexes; tetrathiotetracene, tetramethyl-p-phenylenediantine, or
hexarnethy:benzene-tetracyanabcnzcnc cornplues; tetrathiafulvalene, hex ame
thylenetetrathiafulvalene, to traselenafulva ene,
hexamethylenetetraselenafusvaler.e, or tetrametnvltetraseienoiulvale-ie -
N- a]kylcarbazole( l - Cso, linear or broached) complexes;
tetrat7iutetraccne,  tetramt thyl-p-phenylenediam.ine, or hexa me t1i yl
benzene - tetra nranoe thyene  complexes; tetrathiafulvalene,
hexamethylenetetra thiafulvalene,  tetraselenafuIvalene,
hexaTnethy1mebetrasL-tenafLdvale [ter Or  tet:ametliyltetraselertofuivaiene
- N-al-kyicarbazole(C, - Liar linear or aranchcd)  complexes;
tetrathiatetracene, tetraunethyl-p-pltenylenediamine, hexamethylbenzene
-p-chloranil complexes, or a Combination comprising at le a'0 one of he
foregoing  donor-acceptor complexes. 13_ The cnmpositi^n of Claim 1,
further comprising a solvent. 



14. An electric field programmable film comprises: a dielectric matrix
materiat whereir, the dielectric matrix material comprises  on organic
polymer and/or a inorganic oxide; an electron donor; and  an electron
acceptor. 41 15. A data siorage device comprising the film of Claim 14. 16.
A crass point array comprising the f1m of Cain) 14_ 17. A method for
manufacturing an electric fiehL programmable film  comprising; apPlYmg the
compa-gition of Claim 1 to a substrate; and rerno ing the solvent from the
applied composition to form a film, 18. A film rnanufactured by the method
of claim 17. 


