1 ELECTRI C FI ELD PROGRAMMABLE FI LMS AND MEMORY DEVI CES BASED THEREON [00011
The present invention relates to electric field programmable film
conpositions, nenory devices based thereon and machi nes conpri sing such
devi ces. 100021 El ectronic nenory and swi tching devices are presently nade
frominorganic materials such as crystalline silicon. Although these
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films are inhomogeneous, multilayered composite structures fabricated by evaporative

methods, which are expensive and can be difficult to control. In addition, these bistable films
do not afford the opportunity for fabricating films in topographies ranging from conformal to
planar. Bistable films fabricated using polymer matrices and particulate matter are generally
inhomogeneous and therefore unsuitable for fabricating submicrometer and nanometer-scale
electronic memory and switching devices. Still other bistable films can be controllably
manufactured by standard industrial methods, but their operation requires high temperature
melting and annealing at the grid intersection points. Such films generally suffer from
thermal management problems, have high power consumption requirements, and afford only
a small degree of differentiation between the “conductive” and “nonconductive” states.
Furthermore, because such films operate at high temperatures, it is difficult to design stacked

device structures that allow high density memory storage.



films, 100061 In one aspect of the present invention, there is provided an
electric field programmable filmconposition conprising a fornulation
selected fromformulation A and fornukation B; wherein formulation A
conprises a binder, an electron donor and an el ectron acceptor; where at
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substltutlons, and instances in which the electron donor or electron acceptor is chemically

bonded to a binder or incorporated into the binder as a monomer unit.

[0012] In some embodiments, the binder exhibits a dielectric constant of 2 to 1000.

[0013] In some embodiments, the binder exhibits sufficient chemical and thermal resistance
to withstand processes involving the deposition of metals, etch barrier layers, seed layers,
metal precursors, photoresists and antireflective coatings.

[0014] In some embodiments, the binder imparts a low level of electrical conductivity to the
electric field programmable film in the “off” state and permits for a sufficiently high
concentration of electron donors and electron acceptors to enable a sufficiently high
conductivity in the “on” state so that the difference between the “off” state and the “on” state
is readily discerned. In some aspects of these embodiments, the electrical conductivity of the
binder is less than or equal to about 10™"° ohm™em™. In some aspects of these embodiments,

the binder provides for the ratio of the electrical current in the “on” state to that in the “off”



copol ynmers, graft copolyners, star block copolyners, inorganics, partially
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present invention, the binder may chemkcal |y bond; alternatively covalently
bond, to either or both of the electron donor and the electron acceptor. In
sone aspects of these enbodinents, the el ectron donor and/or the el ectron
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’ polyvinyl halides, polyvinyl nitriles, polyvinyl esters, polysulfonates, polysulfides,
polythioesters, polysulfones, polysulfonamides, polyureas, polyphosphazenes, polysilazanes,
polysiloxanes, and combinations thereof.
[0018] In some embodiments of the present invention, the binder may be a copolymer
selected from, for example, copolyestercarbonates, acrylonitrile butadiene styrene, styrene
acrylonitrile, polyimide-polysiloxane, polyester-polyetherimide, polymethylmethacrylate-
polysiloxane, polyurethane-polysiloxane, and combinations thereof.
[0019] In some embodiments of the present invention, the binder may be selected from
mixtures of polymers. In some aspects of these embodiments the polymers may be
crosslinkable. In some aspects of these embodiments, the binder may comprise at least two
polymers, wherein one of the at least two polymers is chemically bound, alternatively

covalently bound, to an electron donor and/or an electron acceptor and wherein one of the at



m xtures of polynmers may be enployed to fine tune the properties of the
electric field progranmable film For exanple, the polynmer m xture may be
used to balance the charge carrier degsity in a given electric field
programuabl e fil mconposition. [0020] I'n sonme enbodi nents of the present
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partially inorganic material. In some aspects of these embodiments, the binder may comprise
a silicone, silsesquioxane and combinations thereof.

[0022] In some embodiments of the present invention, the binder is functionalized to
facilitate at least one of crosslinking, chemical bonding with an electron donor, chemical
bonding with an electron acceptor, covalent bonding with an electron donor and covalent
bonding with an electron acceptor.

[0023] In some embodiments of the present invention, the binder is a polymer or combination
of polymers having a number average molecular weight of 500 to 1,000,000 grams/mole;
alternatively 3,000 to 500,000 grams/mole; alternatively 5,000 to 100,000 grams/mole;
alternatively 10,000 to 30,000 grams/mole.

[0024] In some embodiments of the present invention, the binder may be crosslinked. In
some aspects of these embodiments, the crosslinking may be brought about by reactions at

functional groups chemically bonded, alternatively covalently bonded, to the backbone of the



electric field progranmmable filmconposition contains 0.01 to 20 wt%
alternatively 0.1 to 15 w% alternatively 0.5 to 10 % alternatively 1
to 7 W% crosslinking agents (based onctotal solids). [0026] In sone
enbodi nents of the present invention, ghe electric field programmable film
conposition may conprise an, optional, acid and/or acid generator. The
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sone enbodi ments of the present invention, the electron donor may be an
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[0027] In some embodiments of the present invention, the electron donor may be selected
from, for example, anthracene; tetrathiafulvalene; 4,4',5-trimethyltetrathiafulvalene;
bis(ethylenedithio)tetrathiafulvalene; p-phenylenediamine; carbazole; substituted carbazole
(e.g., N-vinyl carbazole); tetrathiotetracene; hexamethylbenzene;
tetramethyltetraselenofulvalene; hexamethylenetetraselenofulvalene; 8-hydroxyquinoline;
phenyl azorecorcinol and similar azo dyes; N,N'-bis
(3-methylphenyl)-N,N'-diphenylbenzidine; phenothiazine; substituted phenothiazine‘s (e.g.,
N-vinyl phenothiazine); pyrene; acenaphthylene; acridine; triphenylene; phthalocyanine;
2-amino-1H-imidazole-4,5-dicarbonitrile (AIDCN); substituted AIDCN (e.g., N-vinyl

AIDCN); derivatives thereof; and combinations thereof.



conbi nations thereof. [00291 In sone enbodi nents of the present invention,
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[0031] In some embodiments of the present invention, the electric field programmable film

composition contains < 1 wt%; alternatively < 0.5 wt%; alternatively < 0.4 wt%; alternatively

< 0.3 wt%; alternatively < 0.25 wt%; alternatively < 0.2 wt%; alternatively < 0.1 wt%;



In sone aspects of these enbodinents, the electric field programmable film
conposition will contain a higher concentration of el ectron acceptor

relative to the concentration of electron donor. In sonme aspects of these
enbodi nents, the concentration of the electron donor in the electric field
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sone enbodi ments of the present invention, nore than qgne el ectron acceptor
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alternatively 25 to 125 pmol/hg; alternatively 25 to 100 umol/hg; alternatively 25 to 75
umol/hg. The abbreviation “hg” refers to hectograms (100 grams). The selection of whether
to provide electron donor or electron acceptor in relative excess may depend on the specific
electron acceptor and electron donor used as well as on the desired direction of current flow.
Without wishing to be bound by theory, it is believed that, for example, if an anthracene is
the electron donor and a fullerene is the electron acceptor and the electron donor is provided
in excess relative to the electron acceptor, the predominant charge carriers will be holes that
traverse individually from a positively charged anthracene group to a neutral anthracene

group. Conversely, it is believed that if the electron acceptor is tetracyanoquinodimethane

(TCNQ) and the electron donor is phenothiazine and the acceptor is provided in relative



ionization potential. In sonme enbodi nents of the present invention, nore
than one electron donor may be used. In sone aspects of these enbodi nents,
the use of nore than one electron dongr nay reduce the threshold voltage
and/or facilitate preferred properties such as, for exanple, multiple
switching potentials (i.e., multiple bits per cell). [0036] Note that sone
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enbodi mc?@ﬁs?de?%it'h@%le@ﬁ%?%&tegio?ve”ti on, the electron donor and the el ectron
acceptor may be provi ded as a donor-acceptor conplex or may forma

donor - aqoept]| o some embodiments of the present invention, the electric field programmable film
composition may further comprise an optional donor-acceptor complex, which may operate
to adjust the properties of the film, for example, the film's “on” and “off” threshold voltages,
“on” state currents and/or “off” state currents. In some aspects of these embodiments, the
electric field programmable film composition may contain 0.05 to 5 wt%, alternatively 0.5 to
4 wt%, alternatively 1 to 3.5 wt%, alternatively 1.5 to 3 wt% of the optional donor-acceptor
complex. In some aspects of these embodiments, the electric field programmable film
composition may comprise an optional donor-acceptor complex selected from, for example,
tetrathiafulvalene--tetracyanoquinodimethane; hexamethylenetetrathiafulvalene--

tetracyanoquinodimethane; tetraselenafulvalene--tetracyanoquinodimethane;



conplex in-situ when added to a binder. The extent to which el ectron donors
and el ectron acceptors form donor-acceptor conplexes in-situ nay depend on
the | aw of mass action. Alternativelyg in sone enmbodi ments of the present
invention, donor-acceptor conplexes nay di sproportionate in-situ when added
to a binder, resulting in non-ionized el ectron donors and el ectron
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composition may optionally contain processing agents including, for example, surfactants,

mold release agents, accelerators, anti-oxidants, thermal stabilizers, anti-ozonants, fillers and
fibers.

[0040] The electric field programmable film may be manufactured by a variety of
conventional different methods. For example, one method of manufacturing the film, an
electric field programmable film composition of the present invention may be deposited on a
substrate. The deposited film composition may then be dried and/or cured to form the
electric field programmable film. Alternatively, the electric field programmable film
composition may be cast in the presence of an optional solvent. The electric field
programmable film may then be cast from solution and the solvent evaporated. Some
methods for casting the film include, for example, spin coating, spray coating, electrostatic
coating, dip coating, blade coating and slot coating. Alternatively, the electric field

programmable film may be manufactured by processes including, for example, injection



100431 In sone enbodi nents of the present invention, the electric field
programmable film nmay be used in a cross point array, Wwen the filmis used
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electric field programmable film The cross point array may advant ageously
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enbodi nent s of resent invention, data storage may be achiev
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contact, confact via an intervening turinel junction, or contact via an intervening isolation

device such as a diode or a transistor or contact via other electrical devices.

[0044] The electric field programmable film obtained from the electric field programmable

film composition may be used in electronic memory and switching devices or data storage

devices. These devices may contain either a single film or multiple films. Devices having

multiple films are generally termed stacked devices.

[0045] In some embodiments of the present invention, the electric field programmable film

may be used as a medium for mass data storage. In one aspect of this embodiment, the field

programmable film may have a thickness of 5 to 500 nm; alternatively 10 to 200 nm;

alternatively 10 to 100 nm. In some aspects of this embodiment, the film may be disposed or

a conducting or semiconducting substrate.

[0046] In a memory or data storage mode, programming, reading and erasing the memory



AC signal may be 0.5 kHz to 100 MHz; alternatively 10 kHz to 1 MHz. The
field can be applied by the tip in contact node or non contact node and
results in a conductive domain wthinjthe field programmable film having a
di aneter of about 0.5 nmto about 500 nm alternatively 0.5 to about 50
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optimzed for the desired application. For exanple, domains that are
r eadabl B047} S@Irsmhﬂdngelps o de pm«tsemdgwwenxdapa gargpmaythsichievedby o about

§ d
2 co i Sy e ARCT IR Pe S obe el bRy BB SRtk oty 0TS "

way, thgesire@! th PmROIspeaTRbf Bedd énﬁrbcﬁiaﬂerhe thé ggmamnag'enn@pbé hgptogiiagels Wher e
at least one of the electrodes is not hel n a fixed position relative to

the surfacklisi(V) kel2Y & arite Pagt tenkpablogread, land -V dx aldpl t erpsedhe sglpar at us f or
stori ng of Oﬁgcﬁ H%%QPglet ) gagvga% J ge I‘i))%'l%la ey bR 8 RALEDE 2R I%l\/: tﬁ%wo@lnb\e/m

02/0779 esént i'nventi On

descri bﬂﬁdl anddesab L5V o efase. Omd él@mcng tﬁ@mﬂe&nm&@m fcdgitpemar tei on of
9- ant hr acenemet hyl methacrylate [0050] Atwo |liter, 3-necked round bottoned

f1ask weeltaggapplisddoniheread ﬁb\ﬁﬂ@w@éﬂha@ﬂ?@pmtadﬁlt@gedﬁ ay pidrfefread istHEn) el
stirrer ﬁﬁ%nﬁ&fa% WHt? I)E %g%gll ﬂ?gdyggg&omg gﬁ%g BE @%qo"l‘otdbo nanosec?nds

9- anthrac=nene ano ged W th hitrogen

M nut esalterAstivebir Dios] O0atabh sty diidyf witernatv3BO01 130 nzmyﬁﬁdcdhdilse (33 nL) and
triethylam ne (50 nL) were then added to the flask, with agltatlon The
resul ti HY48bl nﬁomrﬁmmne%ﬁ etithepresent igygkiopdatastPee mayeerg wy% Y chloride

h ddi
(L eohi Gy e 985est Bl s PR B (485, SARAS AR (D0E x0T LT 00
from tDeaﬁkédmcoeleémnﬁlledlgnambbsdfﬂaeﬁtla@sﬂiltutdettb dvllvm{d)al&tﬁgﬁt:mtl on. A brownish

precipitate fornmed and aggregated into a gumny mass, which periodically
i nt er f eProgragimable film of H. praseat mé@r&tomdntqm%cowpﬁh‘mrr@oﬁwé@ tn fosgspestur e of

0C for §ftﬂ8§ér %b%'&ﬁn{ﬁ?é tﬁr{:agctﬁkil% di 1519 %a%’@'tbﬁo‘(’:\ﬁﬂgl \%pa[#]o%du%t%%’qpmo .

t enper aturé overn act| hen quen
Et hyl aiches t}(asﬁébdrrh)scammgqﬁdbdmﬁ@ostcbpy f Irﬁs‘bhle ap@btst, bfthphastisodivaess, skpar at ed
inatw |iter separatory funnel. The or?anlc hase was_ washed succe55|vely

wi th 2096avgnebmsY By Grokdir iy | Q0 Mﬁ@nlterwm ym9kHz b LMz dThegfile gan Badi um
bi car bogﬁﬁ@%e e )ncfoﬁﬁa(ét Hokie O?I?Cﬂ’l &%‘i fgﬁé’a&ﬂ&% mac%ﬁpyéqv%% Lfe (Nadl)

(400 nL nic phase was over sodi um su SO4)
filteredithante ﬁlald podraniableing m@ﬂdmmemoﬂ@boﬂbﬁs e $&hbdud d0C htmgle pr oduct

nas alternatively 0.5 to about 50 nm. The domain can be read by a scanning force microscope tip
using an AC, DC or DC biased AC signal of about —10 V to about 10 V in either contact or
non contact mode while monitoring current, impedance, voltage drop, capacitance, tapping
phase shift or any combination of the foregoing. In addition, the field programmable film can
be written, erased or read by optical means or a combination of optical means and one or
more of the forgoing electrical signals. The size of the conductive domain can be optimized
for the desired application. For example, domains that are readable with a scanning probe
microscope tip can be about 1 nm to about 100 nm while domains readable with a laser probe
such as might be found in a CD player can have diameters of about 100 nm to about 500 nm.
In this way, the field programmable film can be programmed in configurations where at least

one of the electrodes is not held in a fixed position relative to the surface of the field

programmable film. An example of an apparatus for storing information in this way is set



recrystallized in two batches using nethanol (MeOH) (400 niL). Exanple 2
Preparation of quinolin-8-yl nmethacrylate [00511 Quinolin-8-yl nethacryl ate
was prepared using the same process described in Exanple 1 except with the
substitution of 8-hydroxyquinoline (34.1 g, 0.235 nol) in the place of the
9- ant hr acenet hanol . Exanpl e 3 Prep. 9-anthracenenet hyl

et hacr yrilig/pareRy 4pPsatintwio opbiaey| ate copol ymer  [00521 A 500 ni,

3- necked round bottom flask was fitted with a condenser and gas inlet tube
and pur 8d9Bethe ainbpdigentsfafithel presan invertiommydl fidvabi desesibedamdedaibingbel wi t h
degasseg tetr g%%ofuran (THF) (120 mL), 9-anthracenenethyl nethacryl ate

( ANTMA) O(”f %x . nmol ) and 2- hydroxyet hyl nethacrylate (HEMA) (9.3 ni,
10.0 g, 76.8 nmol), with agitati omExal@plehi s m xture was t hen added

1, 1' - azobi s- (cycl ohexapg.daahidQ i OldnkiicehembBoBhat Ay avail able from Du
Pont as VAZO 88) (0.577g, 233 mmol, 2.85 %WW, wth agitation. The flask
cont ent H)Oﬁﬂ}Atthnerhéareel(tdtroumebcbttmnedAﬂatSbrwaseqmipmdwlth@rcozdlem@ud@p an

addltlon ortian of, 1,1'-azobi C) e rbo tr| 9 g, 3.64
i Banish e il and ehy it Rt B (G KBRE teheeh et Pideat or

anot her9%ﬂth?&%ﬁénetﬁmﬁ>1t4@§§ 6.95% ﬁl@i)sand‘ﬁﬁfg%dtvﬂﬁﬂm%gérﬁ rt1@ nﬁlﬁmt enperature.

The contents of the f were then poured into 50 a hexane/ et hyl

et her sdhbydrows tctrait)ailrcvﬁumyl (200 wd)upperidier G8 mmL)ﬁndhelielmlm étOhyL) weteghert o

recipit t he pol ym .The sqolid pgol was col l.e uct.ion
P Fer oo P an e Pl etk aeiftien, 16 FosBink iatidf of Suolf S E0 O il e« o
solid. Reamehio y4cEro%raer(@&mem%tadquxmhianx@ -1yg, ORISR Wadheded-iiethexyet hyl
met hacryl at e ‘copol yner Qui noli n-8-yl~ net hacryl at e/ 2- hydr oxyet hyl

met hacr ydditien ﬁmpdllgsmra weingpraagalordy addidrdyopwise swrdhpravesel adwur fived i n

Ex l e 3 t t f. 7.71
36, oA ioR suseh fud B R Selnitbarpli eiafith o oriberieres S oitadiie o
Prepar a&%g?@ga@éd 1%foad‘élhﬁﬁ9%%gﬁmmﬂll p%&@l&%‘t@?f@{ea WMt RANEt MM reaction was

met hacrvliate/ 3- (tri met hoxysi | g:st%o @thhgrs met hacryl ate terpol yner [0054] A 500

m, r ounmlrbmnadnatedempdeaumf 0" and aes ghen alloved vo gradypalijawamhap ted wi t h

| h h 1 h hyl
et hac proat e opmstts ogémiah " She RRIS Rptibe pumnsbie il nsry FOP B B85 g 55
nol ), Sthed (30O FHY) fmsmuéd/io)taé AR am?fﬁé%ﬁééls Hefe fepdratedinatio 188 #pitaRly and

t-amyl peroxy pi vaI ate (7 g, 39 mol ). The reactant reservolir was
fitted finnpl. aThewganic plase msmphedmcmaswdv with {85 agqusene byérgchlorie (HCI)

toor R SRl o f s RO TR Bisrb RS S AR O kRS Bl ppea

with a ggmhRBloride (NaCl) (400 mL). The organic phase was then dried over sodlum sulfate

(Na,SOy), filtered, and the solvent was removed in vacuo. The resulting crude product was

recrystallized in two batches using methanol (MeOH) (400 mL).

Example 2
Preparation of quinolin-8-vl methacrylate

[0051] Quinolin-8-yl methacrylate was prepared using the same process described in
Example 1 except with the substitution of 8-hydroxyquinoline (34.1 g, 0.235 mol) in the
place of the 9-anthracemethanol.

Example 3
Prep. 9-anthracenemethyl methacrylate/2-hydroxyethyl methacrylate copolymer

[0052] A 500 mL, 3-necked round bottom flask was fitted with a condenser and gas inlet tube
and purged with nitrogen for 15 minutes. The flask was then charged with degassed
tetrahydrofuran (THF) (120 mL), 9-anthracenemethyl methacrylate (ANTMA) (10.0 g, 36.2
mmol) and 2-hydroxyethyl methacrylate (HEMA) (9.3 mL, 10.0 g, 76.8 mmol), with

agitation. To this mixture was then added 1,1'-azobis-(cyclohexane carbonitrile)



mantl e, a variable autotransformer, a Friedrich's condenser, a nechani cal
stirrer, a Claisen head, a thernmal probe (thernocouple connected to an
power controller) and a nitrogen inlet,; The reaction vessel was charged
with PGVEA (275 g). The tenperature of the reaction vessel was raised to 85
C and allowed to equilibrate. The contents of the reactant reservoir were
fed int @it igArhy af?ﬁbréq%o%ﬁb@mﬁag sagiant) 089, Q%@nﬁ%l%%ﬁmt@hb{ 1.69
m./mn using an ectronl cal cont rol purrp (manuf actured by "Sci Log),
previ ousgl;atloal Thc ﬁasidcmmnta‘ chwthemaheatednto mﬂmv@a&ersc&mngnﬁar 24 hogtsaan r eact ant

r cact anfOd B PoREn Son CH oY R ORGP YELRaD Gt P arR) a5

for 30 WhoMlea. Whi maggéaﬁédtpwereﬁh&ﬂreﬂag@@ﬁﬁdn&th@mal hd¥@§. ORle Riskabodtefits( 7.5 g,
27.5 mol) and PGVEA (25 g) were fed into the reaction vessel at a rate of

about 1were thm¢qnl¢mtperpommmgermrmtBlnqmmgentw thoAaskrvere glient praredeiate 3 vessel

85 C dd f t.h d
e amyl plrokd oo blon RO ERE MhifuRe BpoRdensap BURTREEEET wer e
mei nt ai pRipahtedRe &)anEh PR S RN @ wARR RS bpfirtion filtkation @ deiedtent s of

the reaction vessel "were then cooled to roomtenperature and transferred to
a suit siue tepieidl heg. (OBeraps Bully phitsaphd.i on of qui nol i n- 8-yl

nmet hacryl at e/ 2- hydroxyet hyl net ha | at.e/ 3-(trinmet hoxysily)propyl
nmet hacryl ate terpol yne [0055] Qui n%ﬂ@—% met hacryl at e/ 2- hydr oxyet hyl

met hacryl at plegarhfién Hﬁélhﬁ’éq}fﬁBJvY}ﬂéﬂﬁBMlllate/QﬂinftﬁdWﬂh@I Reth@éRQy 88JolWAE Prepar ed
using the sane process described in Exanp 5 except wth the substitution

of qui nHN0S3} Quiriolie} yiametbacayl@te(%sydrogyethﬁ@nq’fmﬂrylaﬁewomlawr vas prepagd

h h h d
o o SiaR e ey deamb A AR eb (i LR S Dp Rk fon BLa MRtk 8 1.7
Pr epar ahieﬂﬁc?'ﬁat@(ﬁm BI RCE RGN MyfladeRIrHRcy MhtBfRene ANy methacrylate.

met hacryl atel 2 hydroxyet hyl nethacrylate terpolynmer [0056] THE (249 kg) was
charged to a 100 gal | on (appr oxi maté#gmﬁ!&(i reactor using residual

vacuum 9- Ant hr acgnene t hacryl at.g A NA S added to the
reactor and mxedﬁ E f&%{l _ ffsn%e&l %18?2 %O%ﬂ%ﬁquantltl es of
met hyl met hacryl & Spmditan ryl ate

( HEMA) ( @55 1 K00 IﬁDQ-ouﬁ‘@ Bﬁﬁhépﬁa'éam%')slﬁ Ethé ereﬁﬁbrﬁwese‘?@cm"? Rofdls %hﬁr%e@%@th' abl e

under t trade designation 0 g) were added to the reactor.
The r eaptopplenerglycolrreethpisetheriacetated PoniaA) WA Edgn %Hadthremangndhy\h méthairylaggen

the realdiareddreanny ey EoRefOa s ERg e oW, sedermiichn cni s vere o
ei nt ai athedoxy A1 Era nRiHERARRETIT) BRARSH.E nlRS) 30 Dbyl Fh6xS SRGRES

contents were cooled down to ' room tenperature and transferred i n several
i ncr enet- 5243 domgioln Elpr myctantzedesvdiowas hiteskwith & swbbenseptum cap. An outlet

tube, connected to an electronically controlled pump was inserted through the septum cap. A

1 liter, 3-neck flask with bottom valve (the “reaction vessel”) was equipped with a heating
mantle, a variable autotransformer, a Friedrich’s condenser, a mechanical stirrer, a Claisen
head, a thermal probe (thermocouple connected to an power controller) and a nitrogen inlet.
The reaction vessel was charged with PGMEA (275 g). The temperature of the reaction
vessel was raised to 85° C and allowed to equilibrate. The contents of the reactant reservoir
were fed into the reaction vessel at a reactant feed rate of approximately 1.69 mL/min using
an electronically controlled pump (manufactured by Scilog), previously calibrated for flow
rate with PGMEA, such that a total reactant feed time of about 120 minutes was achieved.
Upon completion of the reactant feed, the contents of the reaction vessel were maintained at
85° C for 30 minutes with agitation. Then degassed t-amyl peroxy pivalate (7.5 g, 27.5
mmol) and PGMEA (25 g) were fed into the reaction vessel at a rate of about 1.14

mL/minute, while maintaining the contents of the reaction vessel at 85° C with agitation.



vessel containing nethyl tert-butyl ether (MIBE) formng a slurry. The
slurry was filtered wusing a 48 inch (approximtely 122 cm Hastell oy
Buchner funnel fitted with a 10 m polypro filter bag. The wet cake was
washed with additional MIBE. A dam was placed on the filter cake on the
Buchner Funnel and air was passed over the filter cake to renove the MIBE
and dr ypalr@wﬁg%gmpﬁ@ada@d@ dfafe Bé%%@@ tLihy 2 REroRY Pivatité 86 POMIBE URe t O provi de
the product Terpolynmer. Exanple Prophetic preparati on of quinolin-8-yl
met hacr yporgenss qﬁt&lhwacth@wa@lrwrammam@ pio88y &t With agietiicioy predditienad bpyirer

[ 0057] L nol.i h ryla I h I

et habr JTE b LS SRR Shase b G o RRRL st M Bl o
Exanpl egdta®kcptaingrt h the substl tution of an equi val ent nol ar anmount of
qui nolin-8-yl nethacrylate (16.23 kg) in place of the 9- anthracenenethyl
met hacryl ate. Exanple 9 Pr opheti c pﬁ!@,ﬂl@ﬁrﬁ on of N-vinyl-phenot hi azi ne
(NVP) / met hyl et hagr yl

N-vi nyl - phenot hi azi r éf) 1ﬁ%thgcFt((glzqugf{idrox ethyl nmet hacryl at e
terpol yner is prefHrd iy ool lerbacrylate SIPQA e 7 except with
the SUbE(fUSB]JUu%han-ylarﬂetﬁﬁlé—f @é/?—'ﬂfﬁ;dr%?&éﬁyl%lﬁ&yl@fe/ﬁ’(tﬁhﬁﬂiox?ﬁ_fly)ﬁﬁobylaz' ne
(17. 16 in place of the 9- anthracenenethyl mnethacrylate

N-vi nyl rrpﬁ@nryﬂam texpolpmanyahprepynd hsisg hedame NMSS desaribed indixample hekeePReppe

[0050] ' TG PorABRarP At AR ey s T Ry el RBRER ST % Cont ai mer

with ag bﬁtﬁidc@rﬁbmetl@qtrﬁéﬂ@ac?ﬂbﬁéfﬁﬁﬂ theéreddthrit faieaR®isbout 1.60 mL/min such that
met hacryl at e/ 2- hydr oxyet hyl nethacryl ate copol yner obtained from Exanple 3

(10 g); thIte@thmnOA@@@pO@WﬂS tBomiBgekni nsterful l erene (2.16 ny, 30 .inol/hg
solids); and Sol vent: 50/50 w w bl epd of et hoxybenzene and 2- heptanone (240
g). The contents of the contai neregwg%ﬁat ed overnight on a | aboratory
roller to dissolve tpg a@@@ﬂ)@ﬂg}.@ﬁ@rac{ﬁ@n&pﬂtlmh@rgﬁtetlh@thypnt ainer are then

sonicated in an ul trmm&vlgﬁyfh¢&5xge%ylme@%ggat@tﬂgp(gpyh{egr ed through a 0.2
m croneter nmenbrane fiTter to collect the product tofrnulation. Exanple 11

Prophet {#)58pSHIN@AD k) @ad ¢haf 3060 2 180 gelon (@ppooximatelyl 380y rbastdrabsinigcat ed by

t the f f 10 ; N f h
Pl ane retgy vagymnor R i S el u e ROt o Ry WBkelstactes B ok (o
about OrchcRPBRE AR WittS PHP uhBE8HsdIVQIN BRI -weBhell QuaRAlts of BREnIPM Wi t h a

typi cal
methacrylate (MMA) (16.00 kg), 2-hydroxyethyl methacrylate (HEMA)(12.5 kg), and

asobisisobutryonitrile (AIBN, commercially available under the trade designation "VAZO

64") (200 g) were added to the reactor. The reaction mixture was agitated under vacuum and
purged with nitrogen three times to remove dissolved oxygen. After the final nitrogen
purging, the reactor contents were heated to 66° C. The reactor contents were maintained at
66° C and atmospheric pressure for 30 hrs. The reactor contents were cooled down to room
temperature and transferred in several increments through a spray nozzle to a precipitation
vessel containing methyl tert-butyl ether (MTBE) forming a slurry. The slurry was filtered
using a 48 inch (approximately 122 cm) Hastelloy Buchner funnel fitted with a 10 um
polypro filter bag. The wet cake was washed with additional MTBE. A dam was placed on
the filter cake on the Buchner Funnel and air was passed over the filter cake to remove the
MTBE and dry the cake. The cake was broken up and over dried in vacuo to provide the
product terpolymer.

Example 8

Prophetic preparation of quinolin-8-yl methacrylate/methyl
methacrylate/2-hydroxyethyl methacrylate terpolvmer

[0057] Quinolin-8-yl methacrylate/methyl methacrylate/2-hydroxyethyl methacrylate



spin speed of about 2500 rpm The coated silicon wafer may then be baked on
a hotplate at 250 C for 60 seconds to give a filmhaving a thickness of
about 20 to about 100 nm The averagesfilmthickness should be about 50 nm
Al um num dots of about 0.5 mmin diameter and about 45 nm of thickness nmay
then be evaporated thermally on top of the filmthrough a shadow mask at a
pressur g o) Iﬂpt%'? %) refl dsthgth plbdesd cfe@d?lb(e& irpBxdm dﬂ»l@ 5%xcEptGuifipth¥ skbktidutRscal s) .
Current - voI age racteristi cs may be neasured using a Keithley 2400 source
met er wof 4n ¢quevaleit iodarranwameef gundling8rybohethecrylage OWordP krimiptast obithg % he
al um num el ectrode .co red as a working electrode. The entire

FreS e aomesetrl

measuref’r’ét Sr the control of software 16 witten in Visual
Basic (M crosoft Cor poration), progg ot 0 sweep fromO0.0 V to about 10.0
V, from10.0 Vto 0.0 V and fromO. 0 -10.0 Vand from-10.0 Vto 0.0 V

with the voltage Rrophetis prenarajioadif dbviall-phendhdazing NJR)/mathye nay be adj ust ed
to avoi d overdri vi ng nidikacrdetel2-bydroxetityhenegmsilate eerpolgmeegat i ve vol t age

o abouloe u%?@?ﬁ%@b@ggzh%(%ft gt LT RS e ARk ¢y
gener al {e)fpcﬁ?m?f 1%@%21?&?%{}1 ?fﬁé@és &e@crﬁﬁ@% EA88p18-7 éi’é@fifmnﬂi R sEh SRR C

preparation’ o 1on [0061] A nenory conposition is prepared by
d| ssol vohan ¢qmg@ﬂd1¢mdlatrearriamﬁ oﬂ\}lﬂgnyl;q:dmnmblapmley%w k@ah)plme ofthekanple 3 (1.0

I full I )
0} 5 R ESR e 0 BUSH SLISL LR, L AL e oo o
2- hept ananger(2fotth in RbS! o H.58BhhE PRen: DifoaRA4x (1056)L s il tered through a

pol ypr opy ene fi ter m pore. The nmenory conposition nmay be
prepared and tested using the prodbcmple 3@t forth in Exanple 11. Exanple 13

Prophetic preparation of crosslinkable.nem corrp05|t| on [0062] A
crosslinkabl e menory conpositi oh—#@%ﬁ—@é@ﬁ%&—gy di ssol vi ng together the
fol | ow ﬂﬂ}59]°‘?hé YSRGS 1 Fre bhed B? cMHE%fmﬁg thEXQBNi8g $n 4 CofBiheOWith @gl%‘tﬁ)ln' nker:
Powder | i 1174 gl ycouryl crosslinker romgt ec Industries, (0.111 g);

I

Cat al yst’icmz&mi&mene% -anthoaceeenaethyl methavoylge2abwiroxEg)l nfetieaerylhidrcopelyDeni cal

Chem oaPPRSEA T 5Tl 3360 RDITAREon ASAaP 0BG, goRbctm Bl oY [ IhBeot)

met hoxygﬁfapﬁ @ol?d’éSj a%d@%%ﬁ?omsé%wg)end%ffh{%’tho%ﬁéﬁb% hRm- hEﬁthncﬁfE'T(EM ey s
ze. The nor

filtere thr ugh a polypropylene filter wth a~0.2 mpore s

corrp03| trhe)nontemyobmepompmeeatealgdafeéstzadlghs«)mgldbbeat@woobduodlssemeft}mrt h in
Exanpl e 11. Exanple 14 Prophetic preparation, of conpaqsi tjon [0063] A

menory EYRPASALS; Jrhe.cemﬁmé f %gﬂlrmrége&ﬁ% PP e tﬁf@nw&aﬂbfm Active

pol ymer mn?ﬁ!e&’epﬁrﬁlféfrecﬁfMB% 02 bfcrdmettt medritffiter MOV RK iHe Pbduch AV ﬁg a

conposition o
formulation.

Example 11
Prophetic Test Memory Cell

[0060] A test memory cell may be fabricated by spin coating the formulation of Example 10
on a p-type silicon wafer having a diameter of 100 millimeters (mm) and a resistivity of about
0.0001 to about 0.1 ochm-cm at a spin speed from about 500 to about 4000 rpm with a typical
spin speed of about 2500 rpm. The coated silicon wafer may then be baked on a hotplate at
250° C for 60 seconds to give a film having a thickness of about 20 to about 100 nm. The
average film thickness should be about 50 nm. Aluminum dots of about 0.5 mm in diameter
and about 45 nm of thickness may then be evaporated thermally on top of the film through a
shadow mask at a pressure of about 10 to 5 x 107 torr (1.33 x 107 t0 6.65 x 107 Pascals).
Current-voltage characteristics may be measured using a Keithley 2400 source meter with the
silicon wafer configured as a ground terminal and the aluminum electrode configured as a

working electrode. The entire measurement may be done under the control of software



30% m cresol and 70% p-cresol, available from Meiwa Plastic Industries, Ube
City, Yamaguchi, 755-0067 Japan, (0.75 g); Electron acceptor: C60
Buckminsterful lerene from Aldrich Chepgcal Co. (0.144 ng, 20 nol/hg); and,
Sol vent: 50/50 w w bl end of nethoxybenzene and 2-heptanone (24 g). After

di ssolution, the solution is filtered through a polypropylene filter with a

0.2 m pRE@es iﬁ@isuﬁ%sﬁ@ﬂﬂ@fc%s@ﬁ%ﬁ&r&@i&ﬂ, @%rﬁpgﬁnéﬂr BRVEH BRA0.& ¥ {RsHogd usi ng

the procedure set forth in Exanple l'e 15 Prophetic preparation of
crossl i hkap,drome oW oo dsard foom GOYEE]-1R0 M askiromkdBl0eV e fdrY widrthosi ti on

is prepared by .dissol vin oget her, the foll ow ng: tive .polyner: the

pol yner ¥ agﬁi‘ﬁ}’rﬁlb@@ ”(d@’.lsgaﬂe'gﬁ?e Y9liege rnee W&eéaﬂ%e?ﬁﬂ v OVR né(m(gc}hi)osi tion
of 30% mraeaRY th@ﬁgsitm%rmrfegstw vo@g@sdv@eg)k.em SRR WAhPLASKALE malyndust ri es,
Ube City, Yamaguchi, 755-0067 Japan, (0.663 g); Crosslinker: Powderlink 1174
gl ycour génecallyssllesskban éragumiGptabout! Iddustoangsres((0A) whilg xypiGdtcatrysts in the

p-tol uenesul fonic acid_ nonohydrate from Al drich Chem cal Co. (0.005 g);

El ect r ofin Mlgeaptiogencrally bemreaten that rqaypl teba YPo-Al dri ch Cheni cal Co.

(0.144 nmg, 20 .g/hg); and, Solvent: 0 ww bl end of met hoxybenzene and
2- heptanone (24 g). After dissol ut .Ex§3n5 izlSsol ution is filtered through a
pol ypropyl ene filter wRbpketld. ReparpmhefMeagory Cenp®itivny conposition may be
prepared and tested using the procedure set, forth in Exanple 11. Exanpl es
16- 73 HOshhAInemBAryFOMpORHeD ITPYEH bY dissolymgdagethesdh Mg onposi tions in

het i,C,: -23, - - ) - : i th
R e N R

mat er i afrsmeddeidh ChemidaeCot @. latag, Lot hgoliR)in, SEIRBES 50/50Rv/arderaldfSt i t ut ed
with the materials and anounts noted below in Table 2. The nenory

conposi methesybenzebesand| Zbentanops (241g). 4 fter digsolutiona g spBitinariefiliered shrewghsi ng

t he procedure es§ ibeg i{&ozthe Exa%e noted in Table 2 exce%t '%ﬂr;gt t he
mat er | aPYRBEANE B VLR 0 BBERG TR HERS PRl e MEPERABRE i ¢ ut ed
Wi th t herRtSht FheSprdbudd Ry Mth At chgdel pw in Table 2. The el ectron acceptor
| oading is expressed in mcronoles/hg of total solids. [0066] A key for the

raw materials listed in Table 2 isExampled¥l below in Table 1 with Table 2
identifier, chemcal na and conmmer ci al urce for the.materials listed. 18
Table | Table 2 | doieuiehe preamion obegsslinkeblemamary sampusilion © o' 3096 m cor esol

andMei Wryob) Al Rs5ARRICTBRBHNVRP RKIINAS biepared by dissolving together the
following: Active polymer: the polymer of Example 3 (0.884 g); Crosslinker: Powderlink

1174 glycouryl crosslinker from Cytec Industries, (0.111 g); Catalyst: p-toluenesulfonic acid
monohydrate (PTSA) from Aldrich Chemical Co. (0.005 g); Electron acceptor: Cgg

Buckminsterfullerene from Aldrich Chemical Co. (0.144 mg, 20 umol/hg); and, Solvent:
50/50 w/w blend of methoxybenzene and 2-heptanone (24 g). After dissolution, the solution
is filtered through a polypropylene filter with a 0.2 um pore size. The memory composition

may be prepared and tested using the procedure set forth in Example 11.

Example 14

Prophetic preparation of memory composition

[0063] A memory composition is prepared by dissolving together the following: Active
polymer: polymer of Example 3 (0.25 g); Diluent: Novolak resin having a composition of
30% m-cresol and 70% p-cresol, available from Meiwa Plastic Industries, Ube City,
Yamaguchi, 755-0067 Japan, (0.75 g); Electron acceptor: Cso Buckminsterfullerene from
Aldrich Chemical Co. (0.144 mg, 20 pmol/hg); and, Solvent: 50/50 w/w blend of

methoxybenzene and 2-heptanone (24 g). After dissolution, the solution is filtered through a

polypropylene filter with a 0.2 um pore size. The memory composition may be prepared and



I ndustries TCNQ7, 7, 8, 8- Tetracyanogui nodi met haneTCNQAI dri ch Hi ghly nononeri c,
nost | yPowder | i nk(r) 1174 PDLt etranet hoxynet hyl gl ucol uril Powder Coati ngCytec
| ndustries crosslinking agent Resin PTSAp-t ol uenesul foni ¢ aci dPTSAAl dri ch
nmonohydrate N, N -Bi s (2, 6-dinethyl phenyl)

DXPper | ene- 3, 4,9, 10-t et racar boxyl i cDXPAl dri ch diim de

F- C60Fuldsesdansr g@ﬁ@%io%dxﬁé@&%ﬂﬁ{ Egdinfibigkm nst 60

F- C70Ful | er ene-"C70Buckm nsterful l erene erfullereneAl drich Table 2 AsActive
i nPol ymer : X- Ex. Ex. (Pr oduct) Di | uentm_g_éﬁ AcceptorlinkerCatal yst 1612EX.

3TCNQ (1.0 g) (0. 06
g9) (0. 0613 ny, 30

0.75 6 i ;@,@@d QSIOMH'WP'@A 0.221
33(0 66%06&2%%{%?:1%@%?93{5%% f%ﬁis)déslqﬁnsl)? 111%';3&?0 005 g) 2012Ex. £1Dxp 1.0

g) (0. 18 folipwisg Amlvmn@;lmmﬁnst)heMHXH%IREP@WQA . Novedak ragmn not / h

So 1 e WButd Eebingtitn REimea R %5 %@%%Blég&%ﬂm  Piien ™/

sol i ds) (Rubiikd) (8 ORI amaguchi, 755-0067 Japan, (0.663 g); Crosslinker: Powderlink 1174
glycouryl crosslinker from Cytec Industries, (0.111 g); Catalyst: p-toluenesulfonic acid

monohydrate from Aldrich Chemical Co. (0.005 g); Electron Acceptor: Ce

Buckminsterfullerene from Aldrich Chemical Co. (0.144 mg, 20 p.g/hg); and, Solvent: a
50/50 w/w blend of methoxybenzene and 2-heptanone (24 g). After dissolution, the solution
is filtered through a polypropylene filter with a 0.2 pm pore size. The memory composition
may be prepared and tested using the procedure set forth in Example 11.

Examples 16-73

Preparation of memory compositions

[0065] The memory compositions in prophetic Examples 16-23, 26-45, 48-50, 52-70 and 72
are prepared using the procedure described in the Example noted in Table 2 except that the
materials added together to obtain the memory composition are substituted with the materials
and amounts noted below in Table 2. The memory compositions in Examples 24-25, 46-47,
51, 71 and 73 were prepared using the procedure described in the Example noted in Table 2
except that the materials added together to obtain the memory composition were substituted
with the materials and amounts noted below in Table 2. The electron acceptor loading is
expressed in micromoles/hg of total solids.

[0066] A key for the raw materials listed in Table 2 is provided below in Table 1 with Table

2 identifier, chemical name and commercial source for the materials listed.



2412Ex. 5F- C60- -

nmol / h solids) 2812Ex. 6DXP LO g) (0. 18 nmg,
Ex. 6Novol akDXP 2914(0.25 g) (0. 75(0. 18 nm,

(1.0 )(2.16 ng,
(0.25 9)(0.75 g)(2.16 ng, 30 nol/h solids) 2612Ex.5TCNQ (1.0 g)(0.0613 ng,
30 I-inol/lig solids) 2714Ex. 5Novol akTNQ (0. 25 g)(0.75 g)(0.0613 ny, 30

30 nol/h solids 19 Table 2,
30 pnol /hg solids) 3012Ex. 6F-C60

30 nol/h solids) 2514Ex. 5Novol akF- C60

cont'd

(1.0 9) 2pib1 M, 30 nol/h solids 3114Ex. 6Novol akF-C60 (0.25 g)(0.75(2.16

ng, 30 MI7h solids) 3212Ex. 6TCNQ 1.0 g)(0.0613 ng, 30 ppol/hg solids) Ex
. 6Novol| aKla®lkR 3314( 0. 25(0. 75 g) (0. 0613 ng, 30 noUh solids) 3412Ex.6DXP 1.0
g) 0. 18 | nfilen@ifiernl / h GenérilsChemichENanfzNovol ak Dl Na@s ) (0. Beu@cd 8 ng, 30
pnol / hg solids) 3612Ex. 7TCNQ (1.0 )(0.0613 ng, 30 pnol /by sakivis 3713Ex
. 7TCNQPDRRTSAKO. 884 g) (8708135953080 pnol | hg s@biqded (0. 111 ),Q;005 3814Ex.
7Novol akTCNQ (0./25(0. 75 d9%m-0833 ny, 30 |mol/h solids) 30 13fXctries
e oos SN e e arar B Rme R B B T TERGTPH 0 St (0 114
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diimide
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Table 2
As Active
in | Polymer: X-
Ex. | Ex. | (Product) | Diluent Electron Acceptor linker | Catalyst
6 | 1 Ex. 3 ] TCNQ ' ] ]
(1.0 g) (0.0613 mg, 30 umol/hg solids)
17 13 Ex. 3 i TCNQ ' PDL PTSA
(0.884 g) (0.0613 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
18 14 Ex. 3 Novolak TCNQ . i i
(0.25 g) (0.75 g) | (0.0613 mg, 30 umol/hg solids)
19 5 Ex. 3 Novolak TCNQ PDL PTSA
(0.221 g) (0.663 g) | (0.0613 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
o | 1 Ex. 4 ] DXP ' ) ]
(1.0g) (0.18 mg, 30 pmol/hg solids)
21 13 Ex. 4 ) DXP ' PDL PTSA
(0.884 g) (0.18 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
2 14 Ex. 4 Novolak DXP i i
(025 g (0.75 g) (0.18 mg, 30 pmol/hg solids)
23 15 Ex. 4 Novolak DXP PDL PTSA
(0.221 g) (0.663 g) | (0.18 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
24 12 Ex. 5 _ F-C60 ) . .
(1.0g (2.16 mg, 30 pmol/hg solids)
25 14 Ex. 5 Novolak F-Cep i i
(0.25 g) (0.75 g) (2.16 mg, 30 pmol/hg solids)
6 | 12 Ex. 5 ] TCNQ ) )
(1.0 g) (0.0613 mg, 30 pmol/hg solids)
27 | 14 Ex. 5 Novolak TCNQ i i
(0.25 g) (0.75 g) | (0.0613 mg, 30 pmol/hg solids)
| 12 Ex. 6 ] DXP ] ]
(1.0 g) (0.18 mg, 30 pmol/hg solids)
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g) (0. 663(0.18 ng, 30 linol/hg solids)(fy111 )(0.005g) 4412Ex. 7-F-C60
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20
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20
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mol /' h sol bels) ? ol 3EEx. ¢ F- C7UPDIARTEA (0. 884 08R 0. 168 ny,| 20.pno| / hg
solids) (|0-1 [11(0} 00883 e5014EK75 HNov ). lBKee 8y emothewlid) (. 75 g) (0. 168 my, 20
[ Lol / hg @i qi§) 51E88x. 7Novol akfF- C7TOPDLPFSa 0. 221 ) 0./663_g) (D. 168 m|, 20
liinol/hg salids) (001 g)(0.005 ) &2y 308moNg lidd ¢) (0. 0618 ny, 3
gnol / hg sgh d?% 531FEx6 STONQRBIPTSA (0. 88%-@) (0.0613 m, 30 npl/h
solids) (]0-121(0. p0504) gP0 [TaLT%L)2! (olftihgl 3EwmoBiNeHERk TCNQ 5414( 0. 25(Q. 75
g) 0. 0613 , ?2 ~Lmilx/éig sol i ds) Ex. 8Novol@KPCNQPDLPT$A 55(0.R21(0. 663
g) (0. 0613%, 0| nof{l/thg)solli ds) (0. 11006100k, Exu8aig sbhds2(1.0 )0.18 m, 30
nmol / h saol I3§is) EEX. S8EBXPPDLRTSévdlek( . 884 ) (OTA8QmM , 30 nol /h sol | dsO. 111
) 0. 005 Ex>’ gNdVo| akDEPep8(|0(®@E 9)( 0 (06610 .nk330EmolAR somdsh i solids)
| o Ex. 6 ] DXP ] ]
(1.0 g) (0.18 mg, 30 pmol/hg solids)
35 14 Ex. 6 Novolak DXP i i
(0.25 g) (0.75 g) (0.18 mg, 30 pmol/hg solids)
36 | 12 Ex. 7 i TCNQ i i
(1.0g (0.0613 mg, 30 umol/hg solids)
37 | 13 Ex. 7 i TCNQ PDL PTSA
(0.884 g) (0.0613 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
18 14 Ex. 7 Novolak TCNQ i i
(0.25 g) (0.75 g) | (0.0613 mg, 30 umol/hg solids)
39 15 Ex. 7 Novolak TCNQ PDL PTSA
(0.221 g) (0.663 g) | (0.0613 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
0| 12 Ex. 7 ] DXP ] ]
(1.0 g) (0.18 mg, 30 pmol/hg solids)
a1l 13 Ex. 7 i DXP PDL PTSA
(0.884 g) (0.18 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
9| 14 Ex. 7 Novolak DXP i i
(0.25 g) (0.75 g) (0.18 mg, 30 pmol/hg solids)
43| 15 Ex. 7 Novolak DXP PDL PTSA
(0.221 ) (0.663 g) | (0.18 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
44 12 Ex. 7 _ F-CGO _ ;
(1.0 g) (0.144 mg, 20 pmol/hg solids)
45 1 13 Ex. 7 i F-Cyo PDL PTSA
(0.884 2) (0.144 mg, 20 pmol/hg solids) | (0.111 g) | (0.005 g)
46 14 Ex. 7 Novolak F-Ceo i i
025 g (0.75g) | (0.144 mg, 20 umol/hg solids)
47 | 15 Ex. 7 Novolak F-Ceo PDL PTSA
0.221 g) (0.663 g) | (0.144 mg, 20 pmol/hg solids) | (0.111 g) | (0.005 g)
48 12 Ex. 7 B F-C7o . _
(1.0 ) (0.168 mg, 20 pmol/hg solids)
9| 13 Ex. 7 i F-Cy PDL PTSA
(0.884 2) (0.168 mg, 20 umol/hg solids) | (0.111 g) | (0.005 g)
so | 14 Ex. 7 Novolak F-Cy i i
(0.25 g) (0.75g) | (0.168 mg, 20 pmol/hg solids)
s1 | 15 Ex. 7 Novolak F-Cro PDL PTSA
(0.221 g) (0.663 g) | (0.168 mg, 20 umol/hg solids) | (0.111 g) | (0.005 g)
| 12 Ex. 8 i TCNQ i )
(1.0 g) (0.0613 mg, 30 pmol/hg solids)
3| 13 Ex. 8 i TCNQ PDL PTSA
(0.884 g) (0.0613 mg, 30 umol/hg solids) | (0.111 g) | (0.005 g)
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(0.884 @) (50 f6 nd0.230g)no| ((h66Saq) i|d8)06 B g, BO o0 Bg s6ids) B (0. I Ngy ol (BRES €610
(0.25(0]75(0. %16 ngEx.80 nol / h solji ds) 7115BXP 7Novol aklF- C6OPDLPTSA 0. 221
g) (0. 663 53) d%216 o gB0 ol /h sql i(ol$3 ,n@, 30Liheyl/aP s@SY) | 7214Ex |. 7Novol
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el ectri ¢ Tierd progragnab| eighbkin|CONPoSI tipRpcoNpPrising a fornulation
sel ect ed Rr prd¥f or myAtd)on| Aoand) floroms Akl W mBUmekarde) N fornul ation A
conpr | SES a| bi nder B2 el S%I’V&Qk gonor and @ﬁpel ectron aqupt qr ;P’[\MAGI’ e at
| east one%f Bhe qhost §on| dPEKr) Ao i PRSIBELJIAR AREEP! Q1 111S) Shembsal | v
bound t ¢ the birnderg, gnd, F-Ceo
601 121 (o - (0.144 mg, 20 pmol/hg solids) - -
61 13 Ex. 8 i F-Ceo PDL PTSA
(0.884 g) (0.144 mg, 20 pmol/hg solids) | (0.111 g) | (0.005 g)
62 14 Ex. 8 Novolak F-Ceo i i
(0.25 g) (0.75g) | (0.144 mg, 20 umol/hg solids)
63 15 Ex. 8 Novolak F-Cgo PDL PTSA
(0.221g) | (0.663 g) | (0.144 mg, 20 umol/hg solids) | (0.111 g) | (0.005 g)
64 12 Ex. 8 _ F-C70 . .
(1.0g) (0.168 mg, 20 umol/hg solids)
65 13 Ex. 8 i F-Cy PDL PTSA
(0.884 g) (0.168 mg, 20 umol/hg solids) | (0.111 g) | (0.005 g)
66 | 14 Ex. 8 Novolak F-Cyo ) i
(0.25 g) (0.75g) | (0.168 mg, 20 pmol/hg solids)
67 s Ex. 8 Novolak F-Cy PDL PTSA
(0221 g) | (0.663 g) | (0.168 mg, 20 umol/hg solids) | (0.111 g) | (0.005 g)
68 12 Ex.7 . F'C60 _ _
(1.0g (0.216 mg, 30 pmol/hg solids)
69 13 Ex. 7 _ F-C60 PDL PTSA
(0.884 g) (0.216 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
70 14 Ex.7 Novolak F-Ceo i i
(025g) | (0.75g) | (0.216 mg, 30 umol/hg solids)
71 15 Ex. 7 Novolak F-Ceo PDL PTSA
(0.221g) | (0.663 g) | (0.216 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)
7 14 Ex. 7 Novolak F-Cego i i
0.52) 059 (0.216 mg, 30 pmol/hg solids)
73 15 Ex.7 Novolak F-Ceo PDL PTSA
(0.442g) | (0.442g) | (0.216 mg, 30 pmol/hg solids) | (0.111 g) | (0.005 g)

(0. 005

ak F- C60



wherein fornul ation B conprises a binder, an el ectron donor and an el ectron
acceptor; wherein fornulation B contains |less than 0.05 w % of at | east one
of the electron donor and the electrop acceptor. 2. The electric field
programabl e fil mconposition of claim1, wherein at |east sone of the

el ectron donor and at | east sone of the electron acceptor forma
donor - agee@hfm: conplex. 3. The electric field programmable film conposition
of claim1, wherein the electric field programmable filmfurther conprises
a donor - accept or Aorgctnic field programmablerfilm domgploditionsgmapnisialglacfofmiilation

conposi ti.on claim1. wherei.n electron donor is an el ectron donor
derivat fi}%ct%‘ﬁ%%‘?léﬁﬁwafb%hﬁ&nﬁéomﬁb‘i er ("electron donor .
derivati ve- biyhgRin formWaAEbRIANCIR iR 8 6inder) afl @Refrofl@6horahl e ehicteer i s
sel ected from 9- ant hraceneneth met hacryl at e/ 2- hydr oxyet hyl

I
met hacr gécaplor;3vliare ainleashorg of thy |ei/q9tr01p9lonor rod Mecalgateonerceenterob ghemicaldy
qui nol i p- 8-yl t.hacryl at e/ 2- hydr oxyet hyl nethacrylate copolyner; a
9-ant hr g%‘g}%ﬂélﬁvpg%%fgcryl at e/ 2- hydr oxyet hyl net hacryl ate copol yner; a
qui nol i n- 8- ylwheRth@emMulatibe Bcdmyssex¥ Bind¥i, an electron donor and an electron
met hacryl ate/ 3-(trimethoxysilyl)propyl nethacrylate terpolyner; a

9- ant hr aecspenevisreindemudation Bicentaims dgss thaniG08wilb ofrat lnast ope at the elegiran
conbi natdgons tg}e.?rﬁogrog. Teh%\ reI ectric field programmable film conposition of
cl ai m 19OHaPL i FFeronaeeelion, n “donor i's sel ected from ant hracene:

tetrathi af ul gal enghe eRetdic,fleld piodRinhhble filra binpbilivRbLEEI8Im 1, wherein at least
bi s(et hyl enedi t hi o)tetrathi af ul val ene; p-phenyl enedi am ne; carbazol e;

subst i t sermelotthe kkeebipe donastand ehleastsoma ©é the: elestivn meedpiarferne @ fenor-acceptor
tetrane%h I%etraselenofulvalene; hexanet hyl enet et r asel enof ul val ene;
8- hydr ox?ﬁﬂl fol i ne; phenyl azorecorcinol; N, N -bis

(3- et hyl phesyl ) - ihdetetlirie TRIY ploe iz Hitle filh kempbdiiiar bN@aim $UkBirkinuhed
phenot hi azi nes; pyrene, acenaphthyl ene; acridine; triphenylene;
pht hal o€lpetsicdield progeammable Alm drihes 6P@PUSTS adlonar-BrsaPIoF compIeA) DON) ;

substi tut ed i) DONpy ekl (AN CRLNSIERN: 5y BOIRLORH GRS  LORLER e chon e

electric field programma osition wherern

el ect r odo@gGem €lectich dopbedérddhtive ohanpiesllyabdund e e ihde ("didvtivaldeayani ne; 22
per fl uor opht hal ocyani ne; tetraphenyl porphine; 2-(9-dic anonethélene-s piro [

5.5 ] ufervasivgbingder gengreinghe elaeirin danor derivatiye-phayisgelscisddtoamd= 1, 3- di ol ;

4- (pyri gi.n-2-yl - (te .

benp ol 1 et AR pRARA S b R leis) methacrylste A ime T RiSPMane.

qui nol i ARthac6MtOteRpIREL; Ia@;uiﬁdﬁhL@?Brﬂ@thﬁﬁS)la(eeZ-g droRytkvii mahadrilate er ene C60) ;
fullerene C70 (e.g., Buckmnstertullerene C70);

per yl eneomlymer; a §-anihrpceasme ) mictharryéate/2hydropyethahmethacrylate copolymer; a

2 W B DR L ADAB e REARRLATORHLAEL SR R
methacrylate terpolymer; a 9-anthracenemethyl methacrylate; a quinolin-8-yl methacrylate;
and combinations thereof.

5. The electric field programmable film composition of claim 1, wherein the
electron donor is selected from anthracene; tetrathiafulvalene;
4,4' 5-trimethyltetrathiafulvalene; bis(ethylenedithio)tetrathiafulvalene; p-phenylenediamine;
carbazole; substituted carbazole; tetrathiotetracene; hexamethylbenzene;
tetramethyltetraselenofulvalene; hexamethylenetetraselenofulvalene; 8-hydroxyquinoline;
phenyl azorecorcinol; N,N'-bis (3-methylphenyl)-N,N'-diphenylbenzidine; phenothiazine;
substituted phenothiazines; pyrene, acenaphthylene; acridine; triphenylene; phthalocyanine;
2-amino-1H-imidazole-4,5-dicarbonitrile (AIDCN); substituted AIDCN; derivatives thereof;
and combinations thereof.

6. The electric field programmable film composition of claim 1, wherein the

electron acceptor is selected from pentafluoroaniline; phthalocyanine;



7. The electric field progranmable filmconposition of claim1, wherein the
el ectron acceptor is selected fromfullerene C60; fullerene C70; derivatives
thereof; and conbinations thereof. 8.,,The electric field programmable film
conposition of claiml, wherein the concentration of the electron donor in
the electric field programmable filmconposition is 10 to 250 nmol/hg of

total Sﬁérﬂd&oblﬁ‘th&l’&@ya@&ﬁrfé@Ee&ﬂa?hédy%diﬁnlﬂﬁélgr anmabl e film conposition and
wherein the concentration of the electron acceptor in the electric field

pr ogr anrébisyandnmthdempsmiia] .6 funidsc-3 ¢ylidencdgaalominitiide;of total solids in the

lectrig field le film, ition. 9. The electric field
Srggr;Irr?cfﬁh‘lfrgll%oﬁ@rﬁ%g%%pmgz%ﬁb%'l(wgdélﬁg%%?%é\%gpgﬁn;'glﬁ' ecg(r:]c[aln'f ra!t ?on of the
el ect r oRer26[SNS Miadifzd1618, 724i4bbhitrilt] telrsbyRh Qi iR bthend; iqumotiagposi tion is 10

to 250 mml /hg of total solids in the electric field progranmmable film
conposi ¢hlomramarinenfidicaéns G ée.goBuekminsierfolerote Chgs fullerene bm @geeptor in the

Cor 1 o PrRReeRURTHRECRP ofn Gl TRaRacel R T e, O 11

el ect ri z-(3-Netr6lbpriAGdeneTRRIR0hith ¥, BOEPRSobitadicAd; aghpdrided; deparigdsaniihe  bi nder
is crosslinked. 11. A nethod for preparing an electric field programmble
fi | m coeppmbisatipgs theegedsi ti ng on a substrate an electric field programmbl e

L composity o, e SkaHEA e BIEE SRbRRBPIRILR Lok Blect
devi ce @éctfdnaicBRptar is selected from fullerene Cyp; fullerene Co; derivatives thereof; and
combinations thereof.

8. The electric field programmable film composition of claim 1, wherein the
concentration of the electron donor in the electric field programmable film composition is 10
to 250 mmol/hg of total solids in the electric field programmable film composition and
wherein the concentration of the electron acceptor in the electric field programmable film
composition is 10 to 300 pmol/hg of total solids in the electric field programmable film
composition .

9. The electric field programmable film composition of claim 1, wherein the
concentration of the electron acceptor in the electric field programmable film composition is
10 to 250 mmol/hg of total solids in the electric field programmable film composition and
wherein the concentration of the electron acceptor in the electric field programmable film
composition is 10 to 300 umol/hg of total solids in the electric field programmable film
composition .

10.  The electric field programmable film composition of claim 1, wherein the
binder is crosslinked.

11. A method for preparing an electric field programmable film comprising
depositing on a substrate an electric field programmable film composition of claim 1.

12. A memory device comprising the electric field programmable film of claim
11.

13. A machine comprising the memory device of claim 12.





