TI TLE OF THE | NVENTI ON [ 0001] Menory Devices Based On Electric Field
Programmabl e Films BACKGROUND OF THE | NVENTI ON 5 [0002] The present

di sclosure relates to electronic nmenory devices based on electric field
programuable filns. [0003] Electronic nenory and switching devices are
presently made frominorganic materials such as crystalline silicon.

Al t hough these devices have been technically and comercially successful,

t hey have a nunmber of drawbacks, including conplex architectures and 10 high
fabrication costs. In the cas@lldiE OBTHE INYEEIONonduct or nenory devi ces, the
circuitry nust constantly be supplied with a current in order to maintain
the stor j1nf or mati on. i I 1 i i r consunption.
Non- vol atil&fdéi]sem' condué\%eﬁﬂrgg\%iﬁgéeggagﬁldo%qaﬁ?g F%?ho%le ﬁ]mhgglfﬁﬁ%e reduced data
storage capability as a result of higher conplexity in the circuit design
whi ch consequently resul tsy] j [ s. 15 [0004] Alternative
el ectronic nenory and smﬁt%ﬁ?ﬁghgggﬁ%gép@ﬁ%hgﬁﬁé I'stabl e el enment that can
be converted between a high i npedance state and a | ow i npedance state by
appl yidng [6002] el ddt picsank disclosuearelates tadléveonic yneenooy davivpsibastdort dectitefidld e.  Bot h
organi ¢ and i nor apﬂc thin-film sem conductor materials can be used in
eIectroma?ﬁﬁﬁﬁﬁyﬁéﬂﬁ'smﬁtching devices, for exanple thin filnms of

anor phoud0ei3al c Eienosie neawt ycaoddwirtiong devipasiare pebarlg eralle Aosmfimrganépl exes such

as 20 copper:7,7,8,8-tetracyanoqui nodi net hane (Cu-T t.hin filnms, and
cor tai n RBTERA B o GRPRE s Ees bt ten MEPUrAH L have boen
pr oposed @fmnRei#yishdkssfidNRdydalesnimtier BOdNObakd, iR ludiredmipRs archiddtfds aAd nunber
of different architectures have been inplenented for electronic nmenory and

swi t cHl ndrigefebricadongostsdinghe casmpioilfciemingniietas megosy deires dhefirg Wiy 8Wslr es

reflect acohﬁﬂﬁil? 'B@!’uppl?xai WRVREARnSIRSFdefld B AhaRheMidrBd ne@Rabod Ornel Edufts gt
tasks. For exanple, matrix addressing of nenory location in a single plane

such as aentifigrand highppwergonsumplien. den-edlftde semieondrgporsievigesaveiditivig prablear ge

nunber of I i iJe@s mti || zi ] nunber of
i nes forbl@g gg@??éga aﬁg dgr%géﬁ% %g’w %ﬁgwfdéﬁlggéﬂscghglreg%gi t%@ﬁ%&{?ﬁ%'i ‘lines in
two gi verwhi¢hreonsequendly reshids in highbetrprodyctioregmsisy | ocations is n2. This principle

has bgbﬁ“ (060 em&\&?@ﬁbé‘el@cd&}fﬁ%ﬁnoﬁ arti Qi Riff g%vgﬁeggrtn@‘é%%ﬁ&gfé%e%enﬂﬁﬂo” es.

In su systens, each nmenory location has a el'ectronic circuit
t hat conmanbeeainasrteddetwren abigh irdpeda®e statecodmiow oegedante setedy@ppipingsmed vi a t he

menory | ocati [ i.s deternm ned t intersection of .any two of the
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20  copper-7,7,8,8-tetracyanoquinodimethane (Cu-TCNQ) thin films, and certain inorganic oxides
in organic matrices. These materials have been proposed as potential candidates for nonvolatile
memories.
[0005] A number of different architectures have been implemented for electronic memory
and switching devices based on semiconducting materials. These architectures reflect a tendency

25 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 memory locations is n®. This principle has been implemented in a number of solid-state

30  semiconductor memories. In such systems, each memory location has a dedicated electronic
circuit that communicates to the outside. Such communication is accomplished via the memory

location, which is determined by the intersection of any two of the 2n lines. This intersection is

generally referred to as a grid intersection point and may have a volatile or non-volatile memory

1



di ode to enabl e addressing with reduced cross-tal k between and anong
targeted and non targeted nenory |ocations. Such grid intersection points
have been detailed by G More, Electronics, Septenber 28, (1970), p. 56. 5
[ 0006] Several volatile and nonvolatile nenory el ements have been
inplemented at the grid intersection points using various bistable

mat eri al SelendAVWEMRN grid IREYechibh pART dall fliiheMidniPkiss ANikQationi deWBe AIcR ad ANGOREMNEOUS,
mul til ayered cor%om te structures fabricated by evaporative methods, which
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films do Hahory®ch@nd. SRE PRRAELLEBDE goifltgha\fe%géd Gedlile88y G M%Bre, Bleb QAT aphi es
ranging fromconformal to planar. 10 Bistable filns ¥abr| cated usi ng pol yner
mat ri ces Ippmbar28, 9@t e Satter are generally inhonogeneous and therefore
unsui tabl r f j Jos ! - .QNi C
romory? anqOell « e i WO Rl SRRRARIR A Gk diod BERRT oy
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power conshintpire expendetindenebd difficah e @hfrol dn additjonathsseeidtabldifiigisele nof
differentiation between_ the ."conductive" and "noncopductiyve" states.
Fur t her noftiord (8 oRERSELSE HBRratRE NS JoRee e RE OB AR o Hiner
di ffi el t Bis@bK&ithgRbSdataSitg felyimeematitdd hdlpRculdidMbrtctlateOpnétalty density
menory storage. [0007] Accordi ngl%, there rennins a need in the art for
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i nproved @hereseneous pd therplptsginatiirhlsifer fabrisatneswbmiceomatenagd penemeterscalisef ul  as
subsyst engedyfdn R Infhlor PHIGWIERTRE deviid SiM S bREbRGHIE B bR &1aBly Such films
can be applied to a variety of substrates and produced with a variety of
def i nabl emanuigsgyeciphitandard meustriakmethogs st their gpeyation regireshigh tempaiatirerenory and
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t hat can g‘eﬁpéo uge%mn%rte e%‘s‘%‘ﬁi ar%é) i(bﬂgxspengﬁlgﬁ t Qnsﬂgno%ﬁ gﬁ?(l:es, t hat
of f er 13ror managerherit prbiemer tame high powerisensneption wanicordicandwatford cahda $majh 25
conduct | VidotecSl iR dA bellRYFinE CHGEMLONRT BT bR Rlards CRUMAIBAL s and
that can be& stacked In  various con Igurations to abricate electronic

devi ces obechisglah fdmnseperate at BigivERyerhred, s DiNKENTO GMignGo0Bl dovse btogedesher ei n
is an elegtric fiel rogra ble filmconprising a polyner bonded to an

el ectroac fit\r/aélo%hi'é‘[cg;f‘g'[y E(ﬁ‘éﬂry "<E{'0sed herein too is an electric field

pr ogr anmaf@iod7]f i | Avcaditgly,Shengremains @sisdd inktedhrt fpoimpr@ed blasrio Geldpragraeahabdnn donor
and/ or . an el ectron accept and/ or a.donor-.acceptor conpl.ex., covalently
bonded® t 0P HEE BB ARG b R ems i GG VOFie BEGRIGAG  HEHEA Vit HHeri

el ectric fuchlfitmPsaABE appredtoea Fariei of OWHRIratSd ahg prodPEIdYWIRY a varlay&if @efihablae pol yner
is a 9-anthr ac%nerret hyl thacrg(l t%tr eel/ 2- hydr oxyet hdyslwitc t hacryl at e/ 3-

topographies. Further, there 1s a ne ectronic memory an ing deviCes comprising

electric field programmable bistable films that can be produced more easily and inexpensively

than known devices, that offer more useful differentiation between low conductivity and high
25  conductivity states, that have reduced power and thermal requirements and that can be stacked in

various configurations to fabricate electronic devices of higher density.

SUMMARY OF THE INVENTION

{0008] Disclosed herein is an electric field programmable film comprising

a polymer bonded to an electroactive moiety.

[0009]  Disclosed herein too is an electric field programmable film comprising a crosslinked
polymer having an electron donor and/or an electron acceptor and/or a donor-acceptor complex

covalently bonded to the crosslinked polymer.



(trinmethoxysilyl)propyl nethacrylate terpolyner, a quinolin-8-yl

nmet hacryl at e/ 2- hydrox yethyl nethacryl ate copol yner, a 9-ant hracenenet hyl
met hacryl at e/ 2- hydroxyet hyl net hacrylate copol yner, a quinolin-8-yl

met hacryl at e/ 2- hydroxyet hyl met hacryl ate/ 3-(tri nmet hoxysilyl) propyl

met hacryl ate terpol yner, a 9-anthracenenet hyl nethacrylate, a quinolin-8-yl
met hacr yl [@08] orDiacloed htxcinads B@an cnmmrcifﬁ:lcngoghmhmusﬁlrmm}nmfsntghq)oimee,goi ng

polymers; and an el ectroactive noiet ol yner,
wher ei n t WRETEP B @PAET 187 -piratepemey Q%m ‘gﬂé“etgar?ryq%{?(?hr acene, a
phenant hr@nﬁeth@(yﬁlgwp&@@nﬁetha:rﬁﬁateﬁﬁﬁﬁﬁer aaqlhridhﬂfseﬂyﬁdﬁ&esyla@e/l-hyd}bmﬂ@ﬁ, a
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group, a coumarin, an acridine, a phenazine, a quinoline, an isoquinoline,
a pent af | methasaylate temeol yrag, a%rﬁmthwaa@emﬁ@wénetbaqmt? a@ymﬁbtaﬁtmm@mrml@m ofe% hane, a

et racyanagiNRG) OSARANG Ry e SARAIHODIGATR L N UcAlod 63002 Of Lhe

foregoi ng el ectroactive noieties 6sed herein too |s met hod of
manuf act ucqvaigntbrboeﬂ@iab thegofyimek,dvipredythe pietidaetivefmdiety c«mnmrrsesa mphdielposiat i ng

upon a sub%rate g {]EPOSI t|ton co risi ng ?H@Ol rrer ant Iectroact| ve
moi ety t hAITREE SPRFEH FoRTsE e & ?"Iﬁ"@e'bow FIYIS Ao yff"&ﬁ LELRerei n t oo
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instructi ectri rogr anmabl e

n; and ry device co in
film m@ﬁ@?ﬁqeﬂf@bw&gflmp@ﬂﬁ éPPF“BnE’ﬁ t@ﬂﬁhﬂﬁﬂ%a Piy é@ Yol yrer
coval ent | YouRANASM abi@diad) a péraLihé, AABINbNE:, ms@qwnona@d thtﬁﬂJU%anYlﬂ@ra%‘ n the
menory device is in electrical conmunication with the processor.

DESCRI PTI @Nregrimoney greigesanogphrapuipedimethang, 3epacyaroqyingdipisthans 6T df an el ectric

field progsrymabh SorhprisiAg ot Rt She @tﬂélfo?eggl%g)alegt?&lcﬂeﬁn&etfek't away view of a
cross-point array data storage device wit continuous electric field

progr ammB!Oéllf i | Risclpgrgbsieirrtog isragmeiiash of crapifeetyring analesinieyfield mgremrrable

Cross- p0| e e At ed

electric %%bg%%%ghﬁtgx S%Qqagerr%%\eflé& S%Bn%rgé%}dggpgm e % depicts a
schenmat i celdumgmwmmﬁet}atlmlessvalmtlﬁbomipd wythedpolyoe. conprising electric field
progr am@O?Z fi B‘lsglloge%n}e% toL?s 1d7a a proc% neg r%{clﬂcnte cglgpr?stirfé 3)5(%@5%% ic diagram

of a cros i nt 0gr ammabl e film
el enent s; e{e@ﬂﬁ&]mﬁnsguﬂ@néardemmcsy devmetcanmnysmgamtalakriqﬁleehdqnbgrdmdxabﬁe(fmnof a
st acked da:ha stor substrat e; 5 depicts a

Cutaway parRrR P ETs b SgrdBE in SRR Rl el e RalioGa
electroactive moiety, and further wherein the memory device is in electrical communication with
the processor.

DESCRIPTION OF FIGURES
5 [0013] Figure 1 depicts a schematic of an electric field programmable film;

[0014] Figure 2(a) depicts a cutaway view of a cross-point array data storage device with a
continuous electric field programmable film;
{0015] Figure 2(b) depicts a cutaway view of a cross-point array data storage device with a
plurality of pixelated electric field programmable film elements;

10 [0016] Figure 3(a) depicts a schematic diagram of a cross point array device comprising
electric field programmable film elements;
[0017] Figure 3(b) depicts a schematic diagram of a cross point array device comprising
electric field programmable film elements;
[0018] Figure 4 depicts a cutaway partially exploded view of a stacked data storage device

15  on asubstrate;



on a substrate; [0020] Figure 6 depicts a partially exploded cutaway view of
anot her stacked data storage device conprising a substrate and three device
| ayers; and 5 [00211 Figure 7 provides, in a cutaway, contiguous, 7(a), and
expl oded, 7(b), views of a portion of a data storage device in which the
menory el ements are isolated by junction diodes. DETAILED DESCRI PTI ON OF
THE | NVENNODN [ 0Bzt Sl depotsa corpey patialty, explodedroty oba stadked dats stomeddavizet he
electric flelq} tograrmable film 10 is bonded to either an el ectron donor
and/ or an®Rf &¥YSH acceptor and/or an el ectron donor- acceptor conplex. In
anot her e[ﬂmd] e Rigpretdrizpioc| apartally bgtloded cusedy view bhaoaleestidked ddta stbdge
progranna le film.i.s cr ssllqgﬁgle andlls bon ed to either an el ectron donor
and/ or %‘l"‘e@ccloP‘BHsm%?: b‘f%‘? BevAGE 1gy5ts: el ectron donor-accept or

conpl es Tthm} er mgaf&ﬁﬁbwla&ahlae:umy&ohﬁ@bus vm aﬁ@kwlr&red Chey), iswhiepse an
average functionality o reater than 2 and can be bonded to one 15 anot her

i f desi reaortlpmefzascfatq:&s?rweq%glca%\ﬂthfhthﬁ HEMEPYedements ¢ isplgted by inglinfeiedssf i | m may
have a dielectric constant of 2 to 1000. In one enbodi nent, the polyner has
sufficient chem cal and thermal resistance to w thstand processes invol ving
the deposition of netal PETAlIHD PESCREITIONQY THEJNYENTIYNr s, net al

precursors, photoresists and antireflective coatings. It is also desirable
for the p r : gﬂy&ﬁ o the
el ectric ;Pé %IEE p?‘gcér{re;mﬁm%alnégtf fhe %QWnleféﬁgﬁ L g%fi g tEsﬁt? g{e&etﬁgrklleﬁ%t 0 pe&r%h% m{%r a

suf fi dilentid §oniédgh eithen seelesteonidomor @hd/et anclgctypn mmo@m are¢leattondpnaaccept ors to
enabl e . 0, at the
differ ence§%é{0} &;"ﬁﬁ‘%xhén m(?tpi'r gﬁpﬁi‘@gdt it b/?lknﬂer tpaﬁ"s dé{: 4 {ngﬁ‘?%gcrtrzcaf l?y di scer ned.
El ectri calpragmmﬁnmaﬂa it iy cmﬁsllhkﬁblqnnkiyﬂmndcdsto Ieelw ab blactrcmrdon@qmé/br inxlaronit 10- 12
ohm'cm rati o of rica rrent in the
Pon 95" s et 2 oRiene el g} dohol i Boftompl, Thg e FRuirkHe By o

Wit h gr eatugdpolyn cldinsé@uedn dveragOfincthmbling ofgre@uraha Eandaas bgb@dtdno ohban or
equal to 500 behgﬁﬁ%pother exanple. [00241 An on/off ratio greater than 5

al | ows!t h@motg off' states of an electric field programmble filmto

be di scer neuL3] eadolyyhershis¢Einait et fleld frogramgiabietfigh nidydavelddfeladtiovdnstaite “ on”
and "of f' Eﬂ%tat es to be dlb%gerned nore readi ly and an on/off ratio greater

t han 500 &f F&QP0PHE ongsm mawdtheaf’lfvm%laaaﬁ‘éféiﬂﬁ?f Bemigplapd theapp! psistancededi | y.

On/ of f ratwlaﬁtmmo&eseengbna@rtﬁ@heb@slmfntemas etrcsamle;aawa; See@flaybRemetavi ce. For
exanpl e, devi ces havi ng X qfedance sense anplifiers and requiring
P’Hé

hi gher sp@&&uagréfﬁlmozfﬁﬁlswéa eghiYfesoaliigs ofths Alsrdesizable far the PlYmMErdQ iREt havi ng

| over gpegdow 'i&&%f%ﬁe@iﬁ@&l%omwh o He/eRbtric TRId ﬁ?égr%ﬁalﬁ&ﬁﬁlphﬁl%é Sff” 4taie%aS] As
stated above, polyners. having dielectric constant of to 1,000 can be

used. The to pérmitder a sufficieniy high concgrtryion gf ¢ectron derfors and e&nﬁtrm sccerierafd eapblean be
sel ect ed Sdusﬁﬂicfena} hlgf'? Qond@&gnt @f the “on” state so that the difference between the “off” state

and the “on” state is readily discerned. Electrical conductivity of the polymer is less than or
equal to about 10-12 ohm™cm™. It is desirable for the ratio of the electrical current in the “on
25  state to that in the “off” state to be greater than or equal to 5, with greater than or equal to 100
being an example, and greater than or equal to 500 being another example.
[0024] An on/off ratio greater than 5 allows the “on” and “off” states of an electric field
programmable film to be discerned readily while an on/off ratio greater than 100 allows the “on
and “off” states to be discerned more readily and an on/off ratio greater than 500 allows the “on”
30  and “off” states to be discerned most readily. On/off ratios may be engineered to meet the
requirements of the device. For example, devices having high impedance sense amplifiers and
requiring higher speed operation require larger on/off ratios, while in devices having lower speed

requirements smaller on/off ratios are acceptable.



switching voltages are engineered to conformto the specific requirenents of
the application. Wthin the aforenenti oned range, polyners having
dielectric constants of |less than or equal to 5 about 4 are an exanple, with
| ess than or equal to about 6 being another exanple, and greater than about
6 being yet another exanple. Wthout intending to be bound by theory, it is
bel idevedd[(l)hﬂtA@dri])itw’@bﬁe , pblyMeRingVing crllléieaheeclirfsiaﬁt ¢fQnst Ao Sanr&)ﬁsflﬁ Theed to
produce devj ces havin r switching volt Howeve ol ymers havi ng
hi gher di dielscifc ponstaniideng rﬁ%?w Ge g*athé%%%ma%?@e selpprd ¥g fhabiog” e r?nﬁp mor e
sl owl y. NewighinBQbRSSs arél €Ndif@reAREEshfGNTo B sh&id @qMRIHeAE B35 the aPplR&ickD
engi neered to neet the needs of a particular application using polyners
havi ng vaWiginsthejpferegentiqned rangs PPWAES haviag diclsetric genstants ob lesuthar eregualiieh as t he
thi ckngss ;0f 4 € of kmleomgn@mmm[ee NI bélnga,ﬁ,h@ae,a iee A%f the top
and bottom el ectrodes. [0026] The pglyners t hat Tay be us ectrlc
field protheanarbé beifig yatgnathes emm@@n\ﬁlrtbout lrmﬂylmt;ebquochbyrmesry 1dt§rbdh¢w¢ér s,
copolyner 0 al star
bl ook copl affébng}ne%wm {?ﬁher%fkgec{rmgﬂgangsoﬂ ) B r[‘@%dzrﬁ pg%dﬁﬁé dejvlces?#?a‘% ?iEe'gs e one. of
t he f or egwitdhingpoltypeer Bowesr, moltymdrsallaﬂnghlghdldlqmtr;cmens?.anmyia)bzﬂsd)emeditot o]
either an_ele nor | ecfron t or nd/ r an _optiona
el ectron @%W‘fhégéwﬂ?bw°%8ﬁwﬁ gﬁmfﬂgﬁ (%Y?%ﬂm 8ﬁ5?@m 8%@@?58; 88eptors
and the ekggicera t(dmwthea@&amapmﬁam a@iﬂﬂﬁu@r &ifpqlol @ M@ lng vhGsuTRItkISric
"electroactive noieties." 20 [0027] ust. a repeat??. Suitabl e exa Ies of
pol ymers £ofstants apd pfker dewige Pqﬁam%gs &C@éﬁh\ﬁéhl?linewf thefislsk prpgrammable fif

pol yacet akg.ardaQLibtefaed by the {opoatahxss@dnbaeaﬁoags pol ystyrenes, polyesters,
pol yam des golyanldelnldes pol yaryl at es, polyarylsulfones

pol yet her §492 olwvbﬁww@ﬂ@d ig a'le«ftrla Beld pprsrapamatiohlas arqdiggmessdes,
pol yet her i,giAEs; ioPherd, @En{dﬂirlel-koécﬁ)%h}ﬂ%ksesﬂaﬁas k%kd B‘ﬂ&&ﬁw& ers, BRky et her
etherketones pol yet her ket oné Ketones, enzoxaz pol y6xadi azol es,

25 pollybe orslymiess: saoppekrropdlymers s she lrkel qrb@nmbmhtummssmg at least one of the
| | y DM | ) )
pol'ypyraz 'f& O%)lrﬂ(ﬁr]%?%érp% notelagib%{\}e@é/ {:hg Bglg}nlelts nqug)g ;%P]rc)f%ﬁ it(yn cggll,epﬁ?(&icltrgg donor
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pol ybenzi m oxl n yO0XOl
pol ydi ox 0|ascb$orrmj@le|cm@sqccgmr>and/mam apgsnal plg¢t50p;d|omia@i:qug coppley.pTipeiarbmes,

pol ypyri di p trlaz o]

Pol yoar bor gt SRR TR o BN bl AR5 BRI MR SRay st des,
poIyacetardmx@nhyanhyﬁesdes 30 ponV|nyI et hers, ponV|nyI t hi oet hers,

| yvinyl h | yvi ket li.d | yvij
o 1A, D U i B e s PR %%Jeﬂ?@:baiiéd lgﬁfﬂeﬁl:%fader s,
pol ysul fowpﬁfgramrp@ﬂmml dropapdcean, pqmbgyucsepaycaamhytbgIpzl@ay@habpﬁlﬁdsess
polyphosphaépnes

silaza
conbi nat i &8 afewiﬁw?lgﬁ%@el&ﬁqseﬁxm%ﬁ@ é lyw.‘é ? 6‘%@6‘#?{ erﬁﬂ*ﬂp%?@whepﬂwg]
Sui t abl e eXi&aR|, fSlysaffoled HotHR Ry, FBlysthéritaides Pyl aflRe tHylkntd) BolpdtRGkdidres,f | el d

35 programmabl e fil minclude copolyestercarbonates, acrylonitrile butadiene
styrene, g)pb{p@;fectheg(etones polyether ketoné ketones, polybenzoxazoles, polyoxadiazoles,

25  polybenzothiazinophenothiazines, polybenzothiazoles, polypyrazinoquinoxalines,
polypyromellitimides, polyquinoxalines, polybenzimidazoles, polyoxindoles,
polyoxoisoindolines, polydioxoisoindolines, polytriazines, polypyridazines, polypiperazines,
polypyridines, polypiperidines, polytriazoles, polypyrazoles, polycarboranes,
polyoxabicyclononanes, polydibenzofurans, polyphthalides, polyacetals, polyanhydrides,

30  polyvinyl ethers, polyvinyl thioethers, polyvinyl alcohols, polyvinyl ketones, polyvinyl halides,
polyvinyl nitriles, polyvinyl esters, polysulfonates, polysulfides, polythioesters, polysulfones,
polysulfonamides, polyureas, polybenzocyclobutenes, polyphosphazenes, polysilazanes,
polysiloxanes, or the like, or combinations comprising at least one of the foregoing polymers.
[0028] Sﬁitable examples of the copolymers that may be used in the electric field

35 programmable film include copolyestercarbonates, acrylonitrile butadiene styrene, styrene



acrylonitrile, polyimde-polysiloxane, polyester-polyetherimde,
pol ynet hyl net hacryl ate- pol ysil oxane, pol yuret hane-pol ysil oxane, or the
| i ke, or conbinations conprising at |east one of the foregoing polyners or
copolynmers. In one enbodi nent, the el ectron donors and/or the electron
acceptors may be bonded to at | east one segnent of a bl ock copol yner.
Because ofr YEnpﬁ&smlﬁeniﬂrmﬂ)iSBWan@ Ipelyedtescotyghedmivier pol ymedliydmetbhasylateon accept ors
may segr S
bonded. 0Ot BoffERiFodisiskie P ulike @ MR ERARE LRI o) 4
progr anmahfl ferefgbingpol yams or mpotymem Imbnq)@tbmemem aheealastsenddonots amefpr the desi rabl e
to mx a %kESt ok nmer &h O(l? d é% eut er 8 tJOﬁ donor. and/ or an
el ectron a¢ gb?Sﬂ’lﬁHPB &t & Qorsraccé k’ C%@ Ex 18 Vfgh a second
pol ymer . dhaseeé;ﬁraﬁb Qbé ¢tedtion dbllitﬁs aﬂﬁmltéctml a¢oplors MapsepftleMeRito Ubradingiay or nmay
not be covaBl I bonded to eltRﬁP gn el ectron donor and/or an el ectron
accept or BHYP ichdpeyarg copalgy &ceptor conplex. The first and/or the
second Pqbyzvgr N¥IARE oF HOISMkisHeFse be uSdiih BRleRcEX HRRI RS rAfmBIXTilh.es of
pol ymers include acrylonitrile-butadi ene-styrene/nyl on,
pol ycar boWhenenixdirss| b aplymess aregisech dfineyde slegirabledo mics 1sbpeil xmerfthat siondiddpe
styrene/

y o ah'@:Yelctr&'F(s 1l zgﬁlor %Fel@&{o}‘%ﬁ%?ﬂaét ?rﬂlfo(g%l I@ﬁ&tfd?lq{o St %E@prtﬁ complex

pol yphenyl ene et he on, pol ysu tri uta I'ene-styrene,
pol ycHF bowitit @#epmirwbmeasm ane gmbodimernd, thpmcyrmomnsed by nyestthay ingper may

Ler epht o) oo BRANFARRONELELL 9 MRHINIEAS S BECHIMRLALE LSTDRY 2ot [

el ast oner a on/ el"ast oners Iye hyl ene
t er epht hadlatred pmioy Iaa;ttgtbecrmgicar éﬂlhﬁi’sahxame the sacxm’d@bi’yﬁieamhph@a‘rpsslmkable

styrene- Ie ca trllebtadlenes her

ot b kot oaiRbIE POHIES o e S Wbk o Pl AP T S D Es el y acet al |
or the Il;kﬂaycambnatamiabmam &nsmmrswm&l zmgylatnrilaaﬁddldﬂaety&fne/bh@whgalroagﬁldag
nixturfs 0301 As ?$ t Y be bonded to
ei t het npoéxpgeft A e@ls Sé?ﬁ%ﬂ"oﬁ‘"‘ eny ffnéet %wl%{be@psi%ffybnfé?faylw ¢ opt i onal

el ectron a@ﬂ%e@@&a@tparyc%mk&nem@yﬁhlcbﬂaﬂdnegpdﬂﬁxrbbme/p&pemﬁé&@rmI e, be

coval ent bondi ng ioni c bond |ng: In order to bond the el ectron donors

and/ or t h'érePIZBaIE‘F é@fylcéfho‘b?é“é@btb(‘ﬂf ng tagnhhalate thgappplastcl et aloMipl exes to the

pol ymer, {sddtomiey, pms;esiéﬂﬁaragtbmaalﬂ@ﬁ%yleﬁb%?@h{hulaﬁﬁdo%adylaé RepamaRY, al so be
used to crosslink the polymer. Suitabl exanpl e functional groups that

are coval ¥s@lslasymaegyrens- rtlH@C@abﬁ%ﬁ@ymnvlﬁ@uaélepwwreaﬁ@Pb{?thert o a group that
is coygl eaﬁéryet&eib@s@thmum% &hﬁ%reﬁanﬁs&%erﬁ{hyﬁngéayacahﬁs; hofkdgpors include

bronmo groups, chl'oro groups, i'odd groups, fludro groups, primary and
secondar yccmhlmorgsrcaumsms@ lmmnexom eéq’r@)ﬂm‘g mtxmr@ (gp@;‘upsrs phosphl no groups,
al kyl t hi orgg (guDSAs %I%c%o% %ﬁ: 1 rrfe?srrpz?(ly bon Eher%éldﬂ%q% WrQ ranket one
groups, | ct ne groups, |actdm’groups, car oxy I'C acl ﬁ é e groups,
car boxyl i decon dcorchtlooandde ag ptiopsl, elesubrf domocaceptor Qmpleys Sueiubdndmg anaacbcdor

ol o O SRR RSTRIRIE SE| oSN SBPEARARLS R5) % S o0
T15- cysl Oﬂedﬁﬁoﬁdtcﬁplysfs-awti/()th da'no,r-a@eptol\knmﬁte(,es oahe polymer, the polymer is
functionalized. These functional groups may also be used to crosslink the polymer. Suitable
examples of functional groups that are covalently bonded to the backbone of the polymer and/or
to a group that is covalently bonded to the electron acceptor and/or electron donors include
bromo groups, chloro groups, iodo groups, fluoro groups, primary and secondary amino groups,
30  hydroxyl groups, thio groups, phosphino groups, alkylthio groups, amido groups, carboxyl
groups, aldehyde groups, ketone groups, lactone groups, lactam groups, carboxylic acid
anhydride groups, carboxylic acid chloride groups, sulfonic acid groups, sulfonic acid chloride
groups, phosphonic acid groups, phosphonic acid chloride groups, aryl groups, heterocyclyl
groups, ferro;:enyl groups, groups comprising ns-cyclopentadienyl-M (M =Ti, Cr, Mn, Fe, Co,
35 N, Zr, Mo, Tc, Ru, Rh, Ta, W, Re, Os, Ir), heteroaryl groups, alkyl groups, hydroxyalkyl groups,



35 Ni, Zr, Mo, Tc, Ru, Rh, Ta, W Re, GCs, Ir), heteroaryl groups, alkyl
groups, hydroxyal kyl groups, 6 al koxysilyl groups, alkaryl groups,

al k- hetero-aryl groups, aral kyl groups, heteroaral kyl groups, ester groups,
carboxylic acid groups, alcohol groups, alcohol groups conprising prinmary,
-secondary and tertiary al cohols, fluoro-substituted carboxylic acid groups,
1, 2- di carlabooyysilyl saeips, alkgryd gryps ﬁlkalemr%arrybgmym wrallyli goups dgfsoaralkyl groups,

|, n-al ka b o, %g{ S(B[gﬁ o 9;

m n- al kanr!egtegérgﬁﬂ g%%dﬁgl,?‘: E\%deéjrg%’ #ﬂ%gl e%&hgloéf gﬁe(régm 4 arnlgdé% in an
anount ofseéntiary @nd terli,aﬁ}'-aiﬁOdJahSwayd mbstamedlczemxahc gmd)glpsps 1.23licditoaylizoeid i ¢ aci d
\?V?Iterere groug Sgs %ﬁ%gﬁ&r rTDfQJCr% gro?q?s)j(_ ne ra(r)u%:'I 80)%1 glgx}(ou?‘sl l&%@r%lncn n\gaﬁfﬁdfro O;ptsb
9; aryd diwax b.cma&kane dint gabugy, wmmhaw Ingy 2&mti @Jharzlmavalmeswmahmumberzmmar yl

di car boxy| rqoups having 5 to 21 carbon atons | diol groups

v ng_6 b3 SuaiBand S i PEEEPEHS raro BBt e o o1 car bon
at oms, hygbups yiahproxsAlERY hdi€ ghs] wlER WRSreshRYA Aot b0 32n-G AKPAN aAEIAE,
hydroxy het er oaryl - car boxyl i ¢ acid groups having 5 to 21 carbon atons,

1, 2- di carBRPEROT Zde & apd dicarbgr Yiggsid eroups B?V@s&%'@ ICPRECBRPRS- ISR r oups,

|, n-al kangzanghxGRE RAFHbis haGthss @51 18artdh QBT ariis §rdhipiih 618 20 RarBby amount  of
2to 9ary|ca(Ij| égr bogf(%fl cpgam déj esterargroups aﬁaw n?Gpto flcar bon at ons,

het er Hhr ydtorgs, b@tplb@fx iplcgrenps Havirg 2io 4jreatbpn ateaw, hygrozyary-capolicagidgspupat ons,
hyd d
ydroxyaryl;,6@ g?(é(elrﬁo% AR hﬁﬁ&@f }g@e{a g#gscafb%)@lf&%cﬁ grlclﬂlﬁs E%v?rfg(r) 531%%1 EY0)

hydr oxy- het e oar carboxylic r groups carg?gn at ons,
or the |i&enps, ¢r2 cacarllmmim matqsmngmopmﬂﬁsimgaoarhd aeaieﬁtsteogreum Lpnhtahor egoi ng.

(0031] Fo isi.n met h) acr ea LS. may have
bound elccial?: °"£{c‘i. \i/deé%%f) és at a“gsg' " PR })mﬁ H’g%“yf:fﬁa tbO)ayrs]lc atid Yers in

pendant f @sh gionps hhking 6mtam ctmbon%fbx@eImemdlrdemmm acshestkr @goup@}iaymm tgi ng

o o 1 ne R AP MR RO o~ TR} ST oA RV Gy BB Ront . hi <

nononer Claydroxly heteRarypDoirhoslit 2Qd eadr@raips oy I/ icd®n bink, odtHeike,pRONMEN S
havi ng unig{l ur.at edj%roups suchd)? N (C, -C7; linear or branched) alkyl
( met h) acrSAmLnation gompgsing pf Igastpne gl t %ff"aﬁ?:‘ﬂ%d) hydr oxyal kyl (meth)acryl ate,

(Cl-Cg; |joosgr OForbxapid)pelymat dompyidink YnethyaBiy) Rpedl hmitsGnaydfavé Soun@g; | i near or
branched) cyanoal kyl (neth) acr%f ate, (Cl-C7. |inear cor branched) hal oal kyl
(et h) acr%)?cérpéctw% @fleeqs attached 1o Bpolgrtnaqﬂﬁ{xﬂl@(ﬁ esters in pendant fashion. This fay be

perfl pr génkaéicy BE%rhMishédW PO Afdritindtoanttadehdmdiityl n%acryiater\ﬂﬁéh 19% aBb@c hed)
al koxysi |yl C7; linear or branched) al kyl (neth) cr¥ ate such as 3-

(trinet hoséwiowllvy meieth ¢ie-» therhanthirgeeae @ethemgmw) Ip py px horakadiment.dbis ( C1- C7;
l'i near Ormgﬁ%EQ@%%ls_o)g%!p%%beﬁ%a%) @Jp\éiyn{eﬂﬁédh) tﬁ(ér%o%omérg:ﬁg ) heteroaryl

(meth)acryl ate, . I'itnear or 30 branched la ;/. het er oar yl
( et h) acr yrisatbrated grouphsuch pk & 1-Ga| lingarrag biapetied) 3"9)4 anethraorybatee (fixt Gylineamast hacryl at e

having . oy EAR It RF Bk, DR KRR LG AR IRIAEELE, o)
are sfyr e@;Cgdjr8aran brknched) cyanoalkyl (meth)acrylate (C-C5. linear or branched) haloalkyl
(meth)acrylate, (C;-C7. linear or branched) perfluoroalkyl-methyl-(meth)acrylate, a tri-(C,-C5;
linear or branched) alkoxysilyl (C;-C7, linear or branched) alkyl (meth)acrylate such as 3-
(trimethoxysilyl)-propyl methacrylate, (C¢-C,) aryl (meth)acrylate, (C,-C7. linear or branched
Jalkyl-(Ce-Cy;)aryl (meth)acrylate, (Cs-C;))heteroaryl (meth)acrylate, (C,-C7. linear or
30  branched)alkyl-(Cs-C; )heteroaryl (meth)acrylate, or the like. Alternatively, 9-anthracenemethyl
methacrylate or 9-anthracenemethyl acrylate can be copolymerized with other monomers having
sites of unsaturation such as styrenic monomers, examples of which are styrene, 2,3 or 4
acetoxystyrene, 2,3 or 4 hydroxy styrene, 2,3 or 4 (C, — Cg) alkyl styrene, 2,3 or 4 (C;-Ce)alkoxy

styrene or the like.



acet oxystyrene, 2,3 or 4 hydroxy styrene, 2,3 or 4 (O - C6) al kyl styrene,
2,3 or 4 (C-C6)al koxy styrene or the like. 7 [0032] O her electroactive

noi eties may suitably be incorporated as pendant groups on (neth)acrylic

nononers. These include (CLD C22) fused ring aryl (neth)acrylates, (Cl-C7;

|l inear or branched)al kyl (Cw C22) fused ring aryl (meth)acrylates, (C9-C21)
fused ri n9OPdtQthesglegtroactiveemeipias imply seitably tedicogprated asepqndapy groups on

br anched) LML R ol TRk A RL REGHL LB I ATHALES «cRCITRhal! oceny

(et h) acr es’ such as ferroc
t et r at hi aénhranaheliedk WG €1 hipked r(ngstﬁlmah)pbrartasasa(ﬂd Gzt)iusséheg\hajmamu tellurium

anal ogs. [0033 S iSO S s bo rectly to the
el ect roac{"?%a"]ﬁgf’ta @813% lm%ié cff“ifﬁgdr)ildgégf m fg bjg%%g\ﬂfr?'ﬁm&t her
rmnorre$ S hamimgnyl (ksah)ac@taesd s@hQs psrosenghmakacr (1ede; 40d; tedatmafam/aleme rmdtighed)

al kyl %l{acr Iate i near or branched) hydroxyal kyl 10

-C7; i
(et h) acr E“&a"‘t’és Seﬂei“WH’a‘?nd 'ir'h“BF'Hﬁ‘Eﬂggf) al koxyal kyl (meth)acryl ate,

(C1-C8; | joosHrMsromeRy @Rphafg sl diips bomidiRGMb te@lecSactife/moielyR@RI  OF
branched) hal oal kyl (rret h)acrylate, (C - C7; linear or branched)

per f | uor obd RYJyruerEedardior sestobymssized witleother recrriom(ce hagipg upsatyesgd gspups seghahed)
| k |
a OXyS' Oxysilqeg; rbl’a’n@r?eﬂ alﬁ’ﬁ (113 tﬂﬁg gﬁ) (@1 ?ylme(ég&im&ﬁ&iéhgé? y?\éggh as

3-(trinmet propy acry ate th)acryl ate,
aryl (oret hx)ea@agrylattee(Cn((Ejlmea?f or blan@ad) atbkoxtwlwidmedi)atalz)tal(@y% (iGe: @22) ar yl

(meth)acryl a h ac -

branched) gﬁaﬁcthgd)(c &' @%% (%in ?‘ 2 ar yt lﬂﬁ‘%&r’ é‘?é’é e(%ohrzl C'rlféf:(lmekhéacr q%&éﬁ]

Al t er nat i Cglliyeanpr bramhehj|pbnfh1moalkylnyéthyiublstm)ztcmlad aehe(‘lt CgamEamebnamhecﬂ)l es can

be copol ri i.th ot her Si t tur ion uch as

styrenic ﬁiﬁgc\{tkgﬂ%ff’[f r W@@@P‘@ﬁé&m alg SYg aﬁ E‘é‘fe %ﬁ‘?bé’ﬁ%’ 2,3 or 4

h%/dr OXYy Singthadt@late 2(C3-C3), gl{@dﬂ(ﬁhetﬁ)t@cryla%@a:@ﬁfl mtﬁf)ydr?% (23 I?Eaﬂbr B.&akﬂvﬁ& (Cl CGl)

styrene o - subs el ectroactive ieties such as viny

subst i ? ut &’H‘y? E‘%@Gﬂﬁﬂf%é“%{ Xafryigre édﬁ?‘?rﬂﬁyh@eﬁﬁé}‘lw (Egﬁéﬁ’é‘fﬂg ' N-vi nyl

substit ut eg{nch@@a&!’yp@%édn)Ha&@zif?lr(&eth\)dcmite ehalikocene nonomers such as vi nyl

ferrocene vinyl tetrathjafulval ene, or the |ike, can be copolynerized with
I

at |east $W34A WVFléPbﬁlaﬁé‘tIOWHﬂhﬁbgut“éd HF@HI&‘E‘E:"@&H‘%‘%%F@ %ol yners. It may

be desir aQJ);%Iﬁ&rn&&f@%ﬁotﬁ&%ﬁﬁﬁh@ﬂw% Q&Poﬂﬂms%&aﬁ&%u@?ﬂ(s fybifE §10ﬁ$x¥|§£
pol ymeri zation in order to provide a site for crosslinking. [0 O her

pol yer s Asynplifiebbinuyrarse 831064 Rertary piiens & 3 ddvAwar styiree, r%a?fét“la@@“ pithin the

pol y c X e s, and
e g e L S

di functi Oﬁ‘&ﬂl aanrdylwnblwlg@bfgsqdcm;mﬂ o fis¢domng heitereprytomoamess, Nariyhghbatituted
I I ty 30 h t
conp e”en%é’é%grgl"x‘ﬂﬁﬁo?ﬁe&s}’ vnélﬁﬂlﬁetﬁi‘o%Eﬂ%xns?ﬁogm@gg}lg%srvﬁﬁ éégé’en@‘)' ety aving a

| east two car I c aci or car groups can react
sui tably wmyhetathnaiulmhlenmmahehkd; cnnfbwrcnp(ﬂyrpaizyéwutb @t leask Om;raf dteiforgbipg an
electr OaCtn{o\rlxgmcq? {oengdurég' \s/dl{glgle polymers tIt mz\lmoe desirable to remove the acetoxy group on
25  acetoxy esters after polymerization in order to provide a site for crosslinking.
[0035] Other polymers may also be used to incorporate electroactive moieties within the
polymer chain such as, for example, polyesters, polyamides, polyimides, and the like. In this
case, the electroactive moiety is a monomer that is difunctional and undergoes polymerization
with monomers having a complementary chemistry. For example, an electroactive moiety
30 having at least two carboxylic acid or carboxylic acid chloride groups can react suitably with a
diol monomer to form a polyester. Alternatively, an electroactive moiety having at least two
hydroxyl (-OH) groups can be made to react with a dicarboxylic acid monomer or a dicarboxylic
acid anhydride monomer to form a different polyestér. Further, an electroactive moiety having at

least one —OH group and at least one carboxylic acid group may suitably homopolymerize or

35  copolymerize with another monomer having an —OH group and a carboxylic acid group, or a



hydroxyl (-OH) groups can be made to react with a dicarboxylic acid nononer
or a dicarboxylic acid anhydride nononer to forma different polyester.
Further, an electroactive noiety having at |east one -OH group and at | east
one carboxylic acid group may suitably honopol ynerize or 35 copol yneri ze

wi th anot her nononer having an -OH group and a carboxylic acid group, or a
8 | act onelanonoimetiomef hEhesmbsitutiontonolre adsetrodre vemeietyrio goveined impartdtyythd magever ned

i t by th i.n.which th ti bst.it ffect th
T I T e .
[ 0036] Suteswltrhgepdlyneages fornmed from conbi nati ons of the foregoing groups

conpri se rs, . .o i des, i m des, thjoester thers, thioethers, formals,
ccetals. TR S sypbfliokeesforrd G combinns s Brsegine sne® EREPIIF e The

f ol | ows Ngamides, BB tiesestefs, hkré, #b@hedd, EsrinhIR hcetal Hefal A Pfbd@dtE6f FriRBel-@6fELPL OF S,
along with exenplary chem cal noieties for bonding themto the pol yner.

[0037] Sufeegime anddheee dhe folloming arpaiamples ofitakle elsctiondoneipand ddediev al ong
Wi th substd i . i I polymer. In
addi 1 on. s P AT e ch P Rl SR B o o D Y apabl o
of actingl®87khn 8hicblereaamplenafrelec@yacti emelkéastarehown belpw @long Ajtheubstiitiompabl e

of acti ng, gs. &l 4PeLaRo NP AL AhARESPL OGN A 1hicafihS 0 Bl yebased on
corrputed val ues O e 1onl zati‘on ertergy and electron arrinity 1n he

sem - aapi eleaedactReBnaial scupabie afabtirgak an elpgroaxdonat(Dpran elcOOB3SccdprdrgA ) drit ed
pyrene noietjes.can be .coval ently, bonded to ol yner according to the 15

F ol | owi ng depiS o e 3y siheradpney quitor &1 geceqeon (PAARE Y BIver) Ba¥H QRETPRIA ) A”Can
be vinyl, vimedshof kieli¢ni£dddOENergytind elR¥tyon ddfinityen yheasmhémpitied PMBahdleculd ogbitane,
carboxylic acid, ,carboxylic acid chloride, or sulfonic acid. The vinyl group
bonds t he PRHBAY pi ety covalently to the pol ymer by incorporating the
vinyl grogge3gnt o sh@nRAGHRAR MoRties dall Be BOaleRBY bonlBE to MR hecofditl X6

prlnar% am ne and secon g%g am ne, groups bond the pyrene noiety covalently
t o t hd>polfgliewingstrugtussadiandt(yr oup. A suitabl e exanpl e of such a bonding can
occur in a (neth)acryl ate nononer group. The carboxylic acid, carboxylic
acid 25 chloride, and sulfonic acid groups bond the pyrene noiety covalently
to the polynmer as a pendant gro uch as m ght _pe denonstrated in a vinyl

al cohol carboxylic acid ester vi nyl al cohgl” Julfonic acid ester.

[0039] In structure (11) above, d Ccan b sane or different and can
be a hydrogen, vinyl, nethyld , hyd ary am ne, secondary
am ne, carboxylic acid, B ¢

I I
wherein in structure (I), A can be vinyl, methylol(-CH,OH), hydroxy, primary amine, secondary
20  amine, carboxylic acid, carboxylic acid chloride, or sulfonic acid. The vinyl group bonds the
pyrene moiety covalently to the polymer by incorporating the vinyl group into the backbone of
the polymer. The methylol, hydroxy, primary amine and secondary amine, groups bond the
pyrene moiety covalently to the polymer as a pendant group. A suitable example of such a
bonding can occur in a (meth)acrylate monomer group. The carboxylic acid, carboxylic acid
25  chloride, and sulfonic acid groups bond the pyrene moiety covalently to the polymer as a pendant
group such as might be demonstrated in a vinyl alcohol carboxylic acid ester or a vinyl alcohol
sulfonic acid ester.
[0039] In structure (II) above, B and C can be the same or different and can be a hydrogen,
vinyl, methylol(-CH,OH), hydroxy, primary amine, secondary amine, carboxylic acid,

30 carboxylic acid chloride, or sulfonic acid. In the case where both B and C are vinyl, the vinyl



30 carboxylic acid chloride, or sulfonic acid. In the case where both B and
C are vinyl, the vinyl 9 group B can be covalently bonded to the backbone
of a first polynmer while the second vinyl group C can be coval ently bonded
to the backbone of a second polyner in such a manner so as to facilitate
crosslinking of the polymers. Wien Bis a vinyl and Cis either a

met hyl ol ( getZBXhn be dvyalemkyhongdd mﬂfe;baambmfmrﬁrsqmqm:awyllamb seond tiaylvi ny|

group can bond the ren nnlet r while the
Tyl or BRI 6 be TR PR 18 GB e e P RB TR STS: ek AS 1 o
for cr ossfdcml@cen@osiaumaﬁg amlermp}raﬁi wam Bis aav;gﬁysﬁd ayd enhsm:manylbmmzoem n such
as triglycidyl isocyanurate, or the |like. [0040] a further exanple, when

both B anBYdroxyy erimaly BRng|oF secqudagy %?m%éfr%w BrouP 5# ‘efﬂdé*m RYFENGEWIELY he

subst i §ut gslaRMil LRREhd B Fhet whAB tﬁe%émﬁom@hmﬁﬁrmapyarmas; {eBGhdwéytamime di al cohol
or can 10 forma polyam de by reacting with a di am ne, wherein the

i ndi vi duaBroapsi aneavglahlpior presylinking by px #raingplest @ismh@glygﬁylmyan@rat@émmfar y
am nes. Agstg fyuﬁglhgcy%?aq%lopt eYRen B is a carboxylic acid and Cis a
8 RBe T

hydr oxy, ter ca ornmed by using the disubstituted pyrene
mononer . [([060341] Agr fathesaxasplet whencbogy B famﬁtareo;nd)bx)‘de:dmﬁwsedbwyhgacad omati ¢ and

Srenns he SR G FRes e o A PRBRER{ by ARl F6FTRek b

tri ItOth yOlenéqrmfal mqumntterb@ rléae@uggl whis h]aigmgyc?whmﬁn (liallﬁc)lyldn@hmaia%mpmtphl neI (D f\)
or e 1 Ke M e.coval en naead.to e n nner  si ar (0]
Che. pyr end EOESE MR MAED QRS AR et [0 el when B 3 husSiyhe

2-am no- | ktiil BAdI@ 7s0d Hrdbx P i obykte0dan be Fdrded BY LMY theBisetishitued pFlRA¥Mondnier.

structure (111) can be covalently bonded tqo a polynmer in several ways as
will be dé@én be@t*fos‘@é%w* onfupctignalygeeToge ding e a’E‘"“‘F‘]—i‘"ﬂA’?&‘F@”"i"}?“%f‘Ptj’EF%re

(111), D @maEn@mateﬁe @x)hmr%ﬂau)/m %éﬁﬁmr@mﬂptmmem@ &ﬂfa@&é){lbhﬂ@ acid
(6]

group such as r examplie, a net acr I C acCl nononer, a net h éy , Or a
vi nyl 1§r ouppher[yleélﬁ (), trgﬁycmy ﬂB@re%ﬂve &ty lphéalwﬁm@? QYA tetekenzoporahisn A Adr cycl i c
al kyl groypihband gy $e 401Gy AN MePTBmerth LRARES s%hlﬁl?@&x% fpym{éiﬁs%mng& oups

can formesters wwth a carboxylic acid group, such fo exanple in a
(et h) acr $p&€e nononer to create a pendant group and t he VI nyl group can

coupl e [0042] The substituted 2-amino-1H-imidazole-4,5-dicarbonitrile (AIDCN) moiety as shown
in structure (III) can be covalently bonded to a polymer in several ways as will be described

20  below:

III
where, in structure (III), D and E can be a hydrogen, a direct amide bond to a carboxylic acid
group such as, for example, a (meth)acrylic acid monomer, a methylol, or a vinyl group. D or E
25  may be an aryl group or a linear, branched or cyclic alkyl group having 1 to 26 carbon atoms. As
detailed above, hydroxy groups can form esters with a carboxylic acid group, such as, for
example in a (meth)acrylate monomer to create a pendant group and the vinyl group can couple
directly into the backbone of the polymer. In addition, it is also possible to form amide-ester
type polymer_s.
30 [0043] Substituted carbazole moieties such as those shown in structure (IV) are electron

donors and can be covalently bonded to a polymer:
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directly into the backbone of the polyner. In addition, it is also possible
to formam de-ester type polyners. 30 [0043] Substituted carbazole noieties
such as those shown in structure (IV) are electron donors and can be
covalently bonded to a polyner: 10 F G C 1V wherein F can be a hydrogen, a
-direct am de bond to a carboxylic acid group such as, for exanple, in a
(meth)acrylic acid nononer, a nethylol, of a vinyl group and G can be a 5
hydrogen, vinyl, methylol, hydroxy, primfy amne, secondary am ne,
carboxylic acid, carboxylic acid chlorideN_or sulfonic acid. The vinyl group
can bond the carbazole nmoiety co ymer by incorporating
the vinyl group into the backbong of tW\ ile the nethylol,

hydr oxy, primary am ne and secondary a

A\
\e pou mer
Ny _ne groups

carboxylic acid 10 chloride and s oups bond the carbazol e

noi ety covalently to the polyner as a peﬂpant group as may be denonstrated
in a vinyl alcohol carboxylic acid ester or a vinyl alcohol sulfonic acid
ester. [ O@HA&tinTdas be & hiydeckeher diccrmede behdsh ovaiboxylit kad glonplaichaggor( V), (V1)
and (VII) behave %E ?Iejtro donor s anqﬁf?n be. coval ent|y bonded to a

pol ymer,  $EmP(q inj (mefh)acryjic agig mongper, amethylql,or aviny ¥r8¥‘lba‘tdv§§ be vinyl,

met hyl el , hM&EeQX\Mnyl REdtRAS1Y h Y0 X Eprink R ¢ Qlﬂd@rs\éc&mmmmec@arrmWé h&d,aci d,
carboxyllc acid chloride, or sulfonic acid. The vin gr oup bonds t he

f er r ocenec@opxyc agid chierids] @sulfgpiq asid: Hehe Yy grepp pap bioﬁ% te sabarolarpoietie vi nyl
group i nt Qoﬁﬁﬁtlpﬁqm"ﬁné?fby H&Srpoﬁmlé/ fﬁ% m\f\’héxjoﬁp itnnﬁhérg:}chyénglof thlaégfyﬁ?éy pr ' ma'r y
am ne and secondary am ne groups bond ferrocene noi et ently

t he pol yrhilgthe aleﬁraflvéléwdrogy @uplagmn%@dwp@miarbemme;rms gan h@néthe carbazole

(et h) acr chl ori de,
and sul f o}rﬁo%hgcc P% Bt 5 ﬂg onc I{‘ﬁpcﬁg‘{ én?@n%%% {/I?C(a:%\%?% i}@'gﬁ}%@ he

pol ynmdf i nhlgedwdiechsulfoasmcxdrgr@lpshorsishmaglmzolbm@ﬁy tdvelegtdsto therpcaynvarrayh al cohol
&?r ngglt :_ (ée gnt 10 ?\9? jnag[)e & Vlnn%{ated%l %Q'my{l 'F\]lg(%hsoiagarboxly ilcfcii(; ees 10} H a vm Oagcgﬁl)lbe gnd
hydrogen,muhmymmdmmthylol hydr oxy, prlnary am ne, secondary anlne,

b [ j hi | . i1t
onder st oo Bl SHERE T iePor Gt hobRanie Siera ! (Aind (BF) benave '

electron donors and can be covalently bonded to a polymer,

C/l J K \_J
O
Fe

& & &

wherein I in structure (V) can be vinyl, methylol, hydroxy, primary amine, secondary amine,

15

carboxylic acid, carboxylic acid chloride, or sulfonic acid. The vinyl group bonds the ferrocene
20  moiety covalently to the polymer by incorporating the vinyl group into the backbone of the
polymer while the methylol, hydroxy, primary amine and secondary amine groups bond the
ferrocene moiety covalently to the polymer as a pendant group such as might be the case in a
(meth)acrylate monomer group. The carboxylic acid, carboxylic acid chloride, and sulfonic acid
groups bond the ferrocene moiety covalently to the polymer in pendent fashion such as might be
25  the case in a vinyl alcohol carboxylic acid ester or a vinyl alcohol sulfonic acid ester.
[0045] J and K, in structures (VI) and (VII) can be the same or different and can be a
hydrogen, vinyl, methylol, hydroxy, primary amine, secondary amine, carboxylic acid,

carboxylic acid chloride, or sulfonic acid. It is understood that the chemistry outlined here also

11



11 permts the formati on of polyesters and pol yam des, vinyl substituted

pol ynmers and crosslinked polyners anal ogous to those outlined above. [0046]
‘Substituted di benzochal cophene noieties as nay be seen in structures (VIII)
and (1 X) can also be covalently bonded to a polynmer. x x I\/ Mr N r\/j 5
VIIl I XIn the structures (VIIl) and (1X), X can be chal cogen, L can be

vi nyl [ c acid,
car boxyl 1 1 e SRALGVE! polBEdEEit oo s, yRSERRNTL K POV B fFE BRI

di benzochallyophanbgowsitethpscavlaledabdvg. t 0 t he pol yner by incorporating the 10
vinyl gr jynt bon ile t )\ oxy,
primary gﬁpﬁg agﬁ%ggggg& m% 8mﬂmwkggrou1§p§on bfﬁ%mdpgnhzocﬁbﬁbopagsé noi ety
covalenthynhbobhenpbh&mhmda&oapopﬁmdant group such as m ght be denonstrated
in a (meth)acryl ate nononer groupX The carboxyl ixc acid, carboxylic acid
chloride, and sulfonic acid ‘y%ophene noi ety
covalently to the polyner i be seen in a vinyl
al cohog g 15 carboxylic acid € sul fonic acid ester.
In the structures (VII1) and (T'X) shown above, when X is sulfur, the noiety
behaves as a donor, while mhen XVIIg seleniun1 t helX struct ure behaves as an
accept or 7 ferent an an be a hydrogen,
acceptor o BOATL M, FOf I F3R) Bec e FRIE-OS SR RL S5 oA, RRlloBE Sy " 095
car boxyl i ﬂmae,lséi:oﬁdfdrpﬁmﬁle,,catbbxyairﬂaf:'ﬂl’ﬂaﬁbox?l@b aid (ﬂhlorid'e drSuléohitescii e vinght t he

chem stry outline ermts the f i on of oI esters and

pol yam de%m“R/'i"ﬁ'aT g‘% HE&%"M@BE‘:&S MPHEY %Ovélﬁ?nyctP yﬁ‘PFéB g?ﬂﬁflgg ®Ral ogous to
t hose10 outihiineshpane we. bactm,o@er (Sf&lie ;tdnﬁﬁer Mhae d{eeﬁeﬂwmqndrdqu)rdmbjemme had cophene
noi ety covalently to the s hydrogen then N can not be

M i
hydr ogen SfefdgYCEIRAspS bf"@ﬁb‘ﬂ%]"bgﬁsglaicf’ﬂheéﬁl"‘ﬁﬁé‘h%’tvl"}?'é&y HEEMYYRET Ab? et i es as
shown i N sdnst gk sdcKas fight Bé &@ndAGiratediin & éth RBylaYe MOTVARE gloBp.aTiRO! yner, Q R

S X wherein can be a hydrogen, a nethylol, or a vinyl group and R can be
a hydr ogefarbaxylig/cid, carboxylic acid chloride, and sulfonic acid groups bond the dibenzochalcophene

moiety covalently to the polymer in pendent fashion such as may be seen in a vinyl alcohol
15  carboxylic acid ester or in a vinyl alcohol sulfonic acid ester. In the structures (VIII) and (IX)
shown above, when X is sulfur, the moiety behaves as a donor, while when X is selenium, the
structure behaves as an acceptor.
[0047] M and N can be the same or different and can be a hydrogen, vinyl, methylol,
hydroxy, primary amine, secondary amine, carboxylic acid, carboxylic acid chloride, or sulfonic
20  acid. It is understood that the chemistry outlined here also permits the formation of polyesters
and polyamides, vinyl substituted polymers and crosslinked polymers analogous to those
outlined above. In order that M and/or N bond the dibenzochalcophene moiety covalently to the
polymer, if M is hydrogen then N can not be hydrogen and vice versa.
[0048] Substituted phenothiazine (D/A) moieties as shown in structure (X) can also be

25  covalently bonded to a polymer,

Q
| R
N \Zi
e F
X

wherein Q can be a hydrogen, a methylol, or a vinyl group and R can be a hydrogen, vinyl,
methylol, hydroxy, primary amine, secondary amine, carboxylic acid, carboxylic acid chloride,

30  or sulfonic acid. The vinyl group bonds the phenothiazine moiety covalently to the polymer by

12



met hyl ol , hydroxy, primary am ne, secondary am ne, carboxylic acid,
carboxyllc acid chloride, 30 or sulfonic acid. The vinyl group bonds t he
phenot hi azi ne noi ety covalently to the polymer by 12 incorporating the
vinyl group into the backbone of the polyner while the nethylol, hydroxy,
primary am ne and secondary am ne groups bond the phenot hi azi ne noi ety
coval ent | ycdrporhtirg thepﬁhyiwupaﬁtoahepﬁadmné ofgh@ptpyrﬁuoﬁhilasherﬁxglmtlolbmds@@n when

coval ently, bondin e or. ester met h) acryl. ate noner group. The
o boyl | ST AT RO rEB eRprRe PhR e gl SRty Brttine. bond
t he phenopdNmdiabe pémmtgyo@csual Bk be Gednvehep 0bwalaatly aaadalgpﬁmdﬂdaorggtaup such
as may be seen in a vinyl alcohol carboxylic acid ester or a vinyl alcohol

sul foni c agnghadylar. mqnem@qrom The carherarlis ptid raghoaylicasid dieide-<pd yuliolie i ned
here afs Oa&?%(r%dﬁssboﬁ&'ﬁlc fpﬂén%ﬁﬁdz% [ﬂflﬂ%’ E’(Wabéﬁﬁ)t' ®tke d?ﬂhéf%’é”a g@rﬁiant\é'r&ﬁblsu&pe{sy nmers

and crosslin pol ynmer s anal ogous hose out |ne ove. In order that Q
and/ or R manke seheinghdrd aleplot carboxybic eqx?e%@\papéml acahgl qu}fempm@/mr if Qis 10

hydr ogen R | es that can
be used i Endﬁgé] rraﬁ?nsrehrniagl%tr?l&fglrg yt\i/ivlé %ﬁ%@%ﬁ?%}aﬁ%ﬁ?@i rm% Q’gé?r d@g&qw noxal i ne
whi ch behpolgstess payaudey vmwlqmbmemand@rqsilmkc;d @lmrdMMDmtpMmawtmdM| ch
Denaves s R AlfoSndp b e AN BB BTSSR fstalepsnayl ne
shown 10n Bydroeh ted R(&éh)xommybegamnalvmatvaya G!Haehﬂadﬁﬂiestthm tdﬁﬂaepﬂd:cmmr T

[1TTY>YD Y Y X, wherein Y is u selen d can b vi nyl
met hyl ol , TRURSF ggylar ‘ﬁlrﬂf PFEP?}“'&HP?\%‘“ %%fﬁ%rawpo’a ‘EEBJ'BES%??FF OngEi é

car boxyl i gecagbicbofipleR! §, R dihGdro pHéda@ine & hiRf bhavdse a\ﬂbﬁaflanws aup, 142&rah%15ls t he
tetrathi aful val ene _or tetrasel enaful val ene noiety covalently to the polyner

by i ncor p8yieiatigelEAdIrheppnegrithPehdedataonBackbone of the pol ymer while the

met hyl ol , beﬁ@]r OXXubsuﬁEe!drl&faYmﬁHPvﬁl@n@(ﬁ@‘FT@s%ﬂM@fnysnﬁmn@QXWcQHQéc&Ql@fﬁlf he
tetrathiaful val ene or tetrasel enaful val ene noi ety covalently to t'he pol yner

as a péndherdediodbppdyeer. as nmay be seen in a (neth)acrylate nonomer group.
The carboxylic acid, carboxylic acid chlyridevand sul fonic acid groups bond
25 the tetrathiaf ul vaI ene or tetrasgl 8naf\ul val eng noiety covalently to the
pol ymer in pendent fashion such as r’rﬁ;L e seen ¥n a vinyl alcohol
carboxylic acid ester or a vinyl alcohol¥ sulfdnic acid ester. [0051]
Substituted bi saryl azo noi eties as may bmseen in structures (XI1), (XI11)

or (Xvl) %ener beha e.as or -accepto (fcinpl exes and can al so be
coval ent | V/ 6N HS léurtqt.ée en&ﬂx %ngcanl vin methyo ydroxy, primary amine,

secondary amine, carboxylic acid, carboxylic acid chloride, or sulfonic acid. The vinyl group

20  bonds the tetrathiafulvalene or tetraselenafulvalene moiety covalently to the polymer by
incorporating the vinyl group into the backbone of the polymer while the methylol, hydroxy,
primary amine and secondary amine groups bond the tetrathiafulvalene or tetraselenafulvalene
moiety covalently to the polymer as a pendant group such as may be seen in a (meth)acrylate
monomer group. The carboxylic acid, carboxylic acid chloride and sulfonic acid groups bond

25  the tetrathiafulvalene or tetraselenafulvalene moiety covalently to the polymer in pendent fashion
such as may be seen in a vinyl alcohol carboxylic acid ester or a vinyl alcohol sulfonic acid ester.
{00511 Substituted bisaryl azo moieties as may be seen in structures (X1I), (XIII) or (XVI)
generally behave as donor-acceptor complexes and can also be covalently bonded to the

polymer.

13



fU /U ttvt NNN INNHI1I1I NV XII XTI XIV The structures (XI1), (X11)
or (XVI) may be either in the syn or anti isoneric fornms. In the structures
(XI), (Xt11) or (XVl), T can be vinyl, nethylol, hydroxy, prinmary am ne,
secondary 5 am ne, carboxylic acid, carboxylic acid chloride, or sulfonic
acid, wherein the vinyl group bonds the bisaryl azo noiety covalently to
“the polynmer by incorporating th i i nt ﬁ/ﬁe backbone of the

pol ymer while the nethylol, hygr nd secondary am ne
groups bond the bisaryl azo noletyl cov pol yner as a pendant
group such as may be seen in a {neth)acnylvate nofoner group. The carboxylic
acid, carboxylic acid chloride, and 10 swfonic aid groups bond the bisaryl
azo noiety covalently to the pol ynmer as 4qpendant"group as my be seen in a
vi nyl al cohol carboxylic acid ester or a yvinyl al gohol sulfonic acid ester.
In the structures (XII11) and (X¥), U amd V can the sane or different
and can be hydrogen, vinyl, i ry am ne, secondary

am ne, . carboxylic acid, car box g7 aci d or sulfonic acid. It is
understood that the chenlstry outlined here also pevnmits the formation of 15
pol yesters and pol yam des, viny Isubstltyﬁ d pol s and crosslinked

pol yners anal ogous to those ou Flned above In order that U and/or V bond
the bi sarfie sazaumo(dhy(Xibyal (V) mayt i dither in ghelsym@rantiiifomerit forfy.dinagen t hen V

cannot be h dro 0052 tuted coumarin no tles as
chown i o vt B Ot 5t SR e kindo rbunol Bt SPusSin. Ssop
coval ent | amikq 0aBek y1i adid @ afdok WidREId cBoridé of sutfodid aci) wheddin B\Bvupﬁvgmu@&frﬂk n AA,
BB and CC can be the sanme or different and can be a hydrogen, viny

met hyl ol ,the BsHYIgg mojsty srapigntiirtp Hs, pob@ce Ryrrparmiineshe &lavltﬁs%m inte t%l d,

car boxy! i gacRishelofthib ﬁdlyrﬂ&,wlﬁ’l'é tie4hStONbIChy d@HyJprirhdry hfinkd RA®SebRRL dnk1Ad the

chem stry outlined here also permts the gornatlon of pol yesters 25 and

pol yani deZounsibayd the bisary] azp meistpesvplsathsto dhfepobimss a3 2 paodeant gestup seshas masbegous to
t hose

seen in a (meth)acrylate monomer group. The carboxylic acid, carboxylic acid chloride, and
10 sulfonic acid groups bond the bisaryl azo moiety covalently to the polymer as a pendant group as
may be seen in a viny!l alcohol carboxylic acid ester or a vinyl alcohol sulfonic acid ester. In the
structures (XIII) and (XVI), U and V can be the same or different and can be hydrogen, vinyl,
methylol, hydroxy, primary amine, secondary amine, carboxylic acidy, carboxylic acid chloride,
or sulfonic acid. It is understood that the chemistry outlined here also permits the formation of
15 polyesters and polyamides, vinyl substituted polymers and crosslinked polymers analogous to
those outlined above. In order that U and/or V bond the bisaryl azo moiety covalently to the
polymer, if U is hydrogen then V cannot be hydrogen and vice versa.
[0052] Substituted coumarin moieties as shown in structures (XV) behave as electron

acceptors and also can be covalently bonded to the polymer,

20 | b8
XV
wherein AA, BB and CC can be the same or different and can be a hydrogen, vinyl, methylol,
hydroxy, primary amine, secondary amine, carboxylic acid, carboxylic acid chloride, or sulfonic
acid. It is understood that the chemistry outlined here also permits the formation of polyesters

25  and polyamides, vinyl substituted polymers and crosslinked polymers analogous to those
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14 outlined above. In order that AA and/or BB and/or CC coval ently bond the
coumarin noiety to the polyner, at |east one of AA BB or CC cannot be

hydr ogen. [0053] Substituted phenazine and acridine noieties as shown in
structures (XVl) and (XVII) can also be covalently bonded to the polyner.
\ryEE DD\~ EE DD /JJJ/J 5 Phenazine acridine XVI XVII In the structures
(XVI') andoutled hl)ove mrmdlaEEAdeObBBtahéfosﬁﬁsowﬂend'vbbreirthmouandnmtjo@ a

hydr ogen, ., Vi yl ol y ek 0Xx i e, secondary ami ne,

car boxyl |t8 %&?/‘aé‘ c%f‘rs Oneo ‘f\g g@."aﬁgﬁﬁ%‘{ﬁ l>{yda(?élegul fonic acid. It is

under st odé0iXat dbmtmhdaphemhzuye and tatridiednbieties agbteonlio stperurest (X VDhandf(BViEt | on of

pol yesters ubstltuted pol ynmers and crosslinked
polyners‘?ﬂgpﬁggﬁgxéﬁ‘¥‘ﬁ@g%8ﬁﬁﬁéa Tabove. In order that DD and/or EE bond
t he phenazine or acridine® wrer, if DDis
hydrogen then EE can not bef viFte . 054] Substituted

qui nol i ne or isoquinoline | eties i rugtures (Xvill) or 15
(XIX), both of which behave as el®ctron acceptorstcan~al so be covalently
bondedsto the polyner. N GG GGrenkrne FFA Qui nol i pg;.d soquinoline XVII1T X X

In the structures (XVII11) and (ééﬁ% FF and GG CQQHEE the sane or different
and can be a hydrogen, vinyl, Y yl ol , hydroxy i mary am ne, secondary

anm ne, camhRdiutfired ¢X V) aiz&)()cxaln)bwhﬂcmm@dncbe@m safmk dediffefentdalic@nbeca acid. It is
understood that the chem stry out]ined here also permts the formation of

pol yest er &dsgan yiv, iy, hygdioxy prispapsaminesesprdyy piiescagipyyigasis| i nked

pol yners apqixOkoss éh%rid@%%ul%’ic' dcfde 1§Qx9dé?stodd'ihé9 Elﬁ%ﬁeﬂ%l@@} oxﬁFne%ﬁx‘é(eCh'isoGG bond
the quinoline or isoquinoline noiety covalently to the polynmer, if FF i

hydr od@n paseis Gofamations pplyesisreiprdgpolyamiges, vinyd éuh?@trusea pofzsle{soesg]os@ab@t it ut ed
tafl t
penta U%cggrgé&h& BPétsftﬂo@éoﬁﬁ e%QBWA g @ElgHto tﬁléﬁ ¥ t}%ﬁﬂ%h\é%héfazﬁla Sﬁl ron

acceptors can be COV& ent yner 5
FC/ " \ CF acridine moiety covalently to the polymer, 1f DD is hydrogen then EE can not be hydrogen and

vice versa.
[0054] Substituted quinoline or isoquinoline moieties as shown in the structures (XVIII) or

15 (XIX), both of which behave as electron acceptors can also be covalently bonded to the polymer.

G
W/N\\ \%?G N S \%?
Quinoline 1soquinoline
XVII XIX
In the structures (XVIII) and (XIX), FF and GG can be the same or different and can be a
hydrogen, vinyl, methylol, hydroxy, primary amine, secondary amine, carboxylic acid,

20  carboxylic acid chloride, or sulfonic acid. It is understood that the chemistry outlined here alsp
permits the formation of polyesters and polyamides, vinyl substituted polymers and crosslinked
polymers analogous to those outlined above. In order that FF and/or GG bond the quinoline or
isoquinoline moiety covalently to the polymer, if FF is hydrogen then GG can not be hydrogen
and vice versa.

25 [0055] Substituted pentafluoroaniline moieties as shown in structure (XX) behave as electron

acceptors and can also be covalently bonded to the polymer.
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Il I FCCOCF F XX In the structure (XX), JJ can be a vinyl or nethyl ol

[ 0056] Substituted ant hraqui none noieties as shown in structure (XXlI) al so
behave as 5 electron acceptors and can al so be covalently bonded to the
polymer. 0 KK LL O XXI In the structure (XXI), KK and LL can be the same
or different and can be a hydrogen, vinyl, nethylol, hydroxy, prinary

am ne, secondary am ne, carboxylic acidf\marboxylic acid chloride, 10 or
sulfonic acid, It is understood that the Ehenistry outlined here al so
permts the formation of polyesters am des, vinyl substituted

pol ymers and crosslinked pol yners anal ggous|to those outlined above. In
order that KK and/or LL bond the anthrigguigéhe noi ety covalently to the
polyner, if FF is hydrogen then KK can nof be hydrogen and vice versa.
Compounds havi ng a di cyanonet hyl ene group substituted for one or both
oxygen atonms such as 15 tetracyanoanthraé%inodinethane (TCNA) (generally an
el ectr on ReEaRh&NE (KXY IRt ifP¥ah&Rjibly bonded to a polymer in a manner
anal ogous to those described above. [0057] Substituted

t et r acy arl8836) nodtubetitatadh antirrane moiaties esshawn rtmetus X dralgodehayxas )

genera |y I e covalently bonded to

t he pﬁ y%%&gﬁ%&%ﬁﬁlﬂﬁ%a%l%ltbgg&f%ﬁw&%rﬂg% ﬁ’gges r cét}iJr e (XXI'l), MM can be
vinyl, methylol, hydroxy, primary am ne, jecondary am ne, carboxylic acid,
carboxylic acid chloride, or sulfadhi i ege functional groups serve to
bond the TCNQ noi ety covalently to J&jther by incorporating it
into the polyner 16 backbone, as w subsfitution or by incorporating
it as a pendant group as described ™= | 1 Also useful as

el ectroactive noieties are inherently congucting or sem conducting

pol ymers. Exanpl es of such conducting or Semiconducting polyners that are

i nher ent XXI

In the structure (XXI), KK and LL can be the same or different and can be a hydrogen, vinyl,
methylol, hydroxy, primary amine, secondary amine, carboxylic acid, carboxylic acid chloride,
10 or sulfonic acid. It is understood that the chemistry outlined here also permits the formation of
polyesters and polyamides, vinyl substituted polymers and crosslinked polymers analogous to
those outlined above. In order that KK and/or LL bond the anthraqufnone moiety covalently to
the polymer, if FF is hydrogen then KK can not be hydrogen and vice versa. Compounds having
a dicyanomethylene group substituted for one or both oxygen atoms such as
15 tetracyanoanthraquinodimethane (TCNA) (generally an electron acceptor) can also be covalently
bonded to a polymer in a manner analogous to those described above.
[0057]) Sﬁbstituted tetracyanoquinodimethane (TCNQ) moieties shown in structure (XXII)

generally behaves as an electron acceptor and can be covalently bonded to the polymer.

20 XX
In the structure (XXII), MM can be vinyl, methylol, hydroxy, primary amine, secondary amine,
carboxylic acid, carboxylic acid chloride, or sulfonic acid. These functional groups serve to

bond the TCNQ moiety covalently to the polymer either by incorporating it into the polymer‘
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5 el ectroactive noieties include polyanilines, polypyrroles, polythiophenes,
_pol ysel enophenes,

pol ybenzot hi ophenes, pol ybenzosel enophenes, pol y(2, 3-di hydro-thieno[3,4-b][1,4
] di oxi ne) (PEDOT), polyphenyl ene-vinyl enes, pol yp-phenyl ene),

pol y(p-pyridyl phenylene), polyacetylenes, pyrolyzed polyacrylonitrile, or
t he | i ke,badtbone, eowhth miayli substidwiopor BY mgoratralingzitas agreedanpgronas desaribgdi ng
conductl @ semiconducting polymers. These inherently conducting or 10
senlconduc?lng polymers generally act as el ectron donors and can be

formul at 46058t h Adsreusoﬁll amaiecgrogdtioe tno@tiesas e mpérently ashéitchisg oraemivohductigg el ect r on

acceptors are c d to another ol yner. A polyner that is
U &bl e ReDpEgs G awR ot B gl g R ruor e Be Py RS o B idhn

benz[ de] dld’ﬂrdﬁﬁ@e{ fhoiebies.ifcl@de ﬂa%ﬂlllﬁ&sgﬁﬂﬁpy[‘m@s oBthiophenes, polyselenophenes,

i soquinoline-3,4:11,12-tetra-yl)-12-carbony] (BBL) 5 [0059] In the

f or goi ng pebybgRsofhiophenes, HOHQCEZ@WWI}?@CS B‘P'D’@é‘r‘%}h%ﬁ“’é@@%ﬁaﬁy 414iPxi78) gr oups are
repr esent@gpay), pM'}’BnenWﬁé eﬂn?le&scg‘“my(g-%hm{('%@gE&{(p%n@wﬂ‘nknmw ng 1 to 20

carbon atons, an aryl  havin carbon a a di al kyl ether group
havi ng | mhvai%ylermsmrplmeémlypqﬁylpwglw |0r§$llk9@gmvblamnlcommsm atlpapone at ons

in the segqmdk v 4 atons, an
aryl al kyl grOupgﬂﬁggﬁgugm?g}%%h%g@%nﬂggMgmaﬁ TH%&J“%§§3¥%?ﬁ?%§ g& aIkyI

gr oupl®@0 demidondpcling prlpQers gensally attasslecteonidobas smd;sm ibe Ermdlagekd keith oge oup havi ng

3 to 20 carhop atons + carboxylic a '% est havi Ny | to 12
car bon at I(I)l(r)];'g ep:ctr?rhaccd@tor%wh& elrg)r ré(g tl‘éf eléélron actcep O re co%/a & l% Ca(f (t)chang O?TB on t he
al cohol i cpadymgph Arpolynter thagieeiitabledoraae Immaeﬂ@trens heeeptbialy polg[(Too-13,12Har bon at ons

ogmont . BPERETAR” EC e L2t ReBHBT REedh L ECBEHUnSGB8E L ot f ons

whi ch may@®BL)ay not 25 participate in the covalent bonding to a pol ymer
such as groups,_ having | to 20 carbon atons, al dehydes, ketones,
car boky| ﬂ?@é. dsin theoezpine 38l xinghefoflpang eanapuyt disgeondiry amisie gHUBHHC at ons

al kyl aryl repRsanedAs SNHIRWIHRgkin R ten B:Dhy@esgeAn atk9NavingMitb ab katborCAsROuNgS1 havi ng
7 to 20 carbon atons or other substitution can be nmade to .inprove

sol ubi | i t§2ving&Itg Ae FarbesrAseres, Bidiafky ethersgroumbpyipgd l‘fb]?c‘f"i’étfoﬁéf%'ﬁ‘%fheé“%“ t her mal

properti egomBsl ahmtd1zk&:boEQ{on@xameIs@oon&ségmﬁtoa%ﬂwawg}wp hasfhg@hé 94ren- 2- one
can be useg as a substituted counmarin | ymers have nunber

aver age neAtatons, ycaryplkyl sspurspgingd tq2‘bmb@@@m5gaanﬁkpmqe@nm¢tﬁi dk group

enmbod n V. r fan3, 000 to
500 000 ghayir o BOLHIR! Sohak e BTt Al A TR ) R0 i i o Cver age

mol ecul ar alkyleor gyt eartepikylis: @GUBSteohm 10002 garhoms Atob & the eargaxtyliaanid $egment
enbodi nmen t 10, 000
hnd 19 ? Q&Féér{‘ﬁqjﬁe alld ‘é mél?enﬁ}’c grﬂ&n @Jago%ﬁété Est%&ﬂﬁ )

to 30,000 grans ecu ol yner e determ ned
by gel pecaremtatams io chfnatatwghdptgmen[ @@611t]> 1Thabor gems inrthe wgondsalcgbcpier ally

brought ape%rl’rlntentbgr tfleh llmur(iﬁelr PR co n%ﬁBFéd Eh@l%th rs{?bsﬁ%\/lons \Qllilclymay or may not
; 25  participate in the covalent bonding to a polymer such as alkyl groups having 1 to 20 carbon
atoms, aldehydes, ketones, carboxylic acids, esters, ethers and the like having 1 to 20 carbon
atoms alkylaryl compounds having 7 to 20 carbon atoms, arylalkyl compounds having 7 to 20
carbon atoms or other substitution can be made to improve solubility, polymer compatibility,
film forming characteristics, thermal properties and the like. For example, 6-hydroxy-4-methyl
30 chromen-2-one can be used as a substituted coumarin.

[0060] The polymers have number average molecular weights of 500 to 1,000,000
grams/mole. In one embodiment, the polymers have number average molecular weights of 3,000
to 500,000 grams/mole. In another embodiment, the polymers have number average molecular

weights of 5,000 to 100,000 grams/mole. In yet another embodiment, the polymers have number
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bonded to the backbone of polyner. However, other crosslinking agents that
are not covalently 5 bonded to the polyners may al so enhance crossli nking.
It is generally desirable for the crosslinking agents to have a
functionality of greater than or equal to about 2. Suitable exanples of
such crosslinking agents are silanes, ethylenically unsaturated resins,

ami nopl astverage mpkculanyyraginy ¢JQ; OOBH’e?ﬁ)dfOOngﬂ“ﬁé[P‘H%h%fé“? gQianaveisgbpofthes, or the

like, or ﬁcﬁfmér%ty'bg'aéteﬁﬂmrﬂysge &na&aubﬁa%ma@ @ply. the foregoing. 10 [0062]
Sui t abl e exanpl es of silanes are tetraal kox Fanes al kyl tri al koxysi | anes,

hexamet hyl086HiTha zeosdigking i gen¢ralhoiPwapt aonbineise ftmﬁthmqbgrpvn&éhat ot cevtsiivat i ons
conpri sl ngcinlﬁ& tlo%%ac%ﬁe (()110601)11{5? f‘iB\RIg\QPI R fl’g%&?lhﬁp% e%eﬁéw L.r%%opcfovalel?tlgne)

et hylenically unsaturated resins I nclude o yl ene
Cl-C] 2 abdudéd ot fiv)yaearsinay dso enhancy kxgnilinking el is gangrally ddsedtilqfor theut ad| ene,

| soprene, .. &f; lt.lé{r'é%ez{};ie&?k'1¥anFEﬂ”c{x’&%ﬁ&%&El%at%’{tﬁ?eér’egﬁ‘art‘é’%ohéjfssluta&g e RIS ' ne

the present spe tes enconpasses cryI
or net hacofisuett @ssshirking dgents exiesil{ne tthy Roicyll yourisstniated resemmmpaﬂaseﬁasnas;r yl oni t r| I e

th | t | 006 Sui t abl f qth t
cr 055! | nkPHGC e BRI RS EPPO Al BT OARS SoBIREGE o leas

f or mal dehygtef fRI6reLoing. uran terpol ymer, furan resin, conbinations of
phenollcs and furans, ,. resol e or novol ac), epoxy-nodified novol acs,

ur ea- &P deHV8 r elyitable e?‘r‘E‘I‘PA‘Fﬁ of silanes e trumlkuysilaph Ryl oy alangshenol i cs,

gl yci dyI ﬁé&%&ﬁm&lﬁfsﬁ&aﬁéoﬁ)éﬁl%%aﬂ@y%ﬁa&k‘QJFttﬁﬂnk@: I dr3bMGin&ohns cééﬁ%ﬁ%’%‘fe% 8ne Ot her
epoxy resins or the |ike, or conbinations conpri si ng at | east one of the

f or egoi ngothoipsigomgi ﬁgftaéb?eﬁﬁ@fgplef’[ ge8w|eniraldy wnspinmgdaesinsiedyds olofigy (Hwleapky| at ed
net hyl ol ngﬁgﬂe')"%l %ﬁ (mah QB&@%FS@M}Y&Q' a#phldro?éi’ns cbrutahﬂzﬁe 1§0F1%ne or

conbi nati fisin t one “of oregoi ng. Am noplast’ resins 25
derived f ptbmmtﬂélymemtrmwmwam @omrldesawdi/emersalIdénmw\APQCFﬁCMIHm eoB,

L) canfe et TeEplo by AR PRARP AL AERAL B PR R b RESFLAES, | 77!

am nopl asbncnmpasss acraztoaimiarmhrﬁdhaéryloaﬂud:lahol s such as net hanol, ethanol,

pr opanol , ano nt an mati c

D cohors W ae SR Ak ofgfer Dty s RRE resfiin i post sy PR e o
hydr oqui nnmlacqmehdléorinakiehydeyesblecfumhmﬁmymauﬁinarassmyeinbhemammf phensliveet hers
of gl yCOlrESFDFUCh as ceIl osol e, carb 8 or Itl a"ﬁ d’:ﬂ ogen sgbstitut ed
or ot her 8ULSEMH(F&d™H %%rHl?IV%a)s?P(%yH‘é) gied APy, aﬁfﬁ?r“fﬁ? YO Bt Uk PEPMEOI , or
t he | i2ke, améhyaw@omgmoﬁmd phanpli¢sSglpgdisubstiandd 1mgearmiatestsbﬂa dsariglgadyng

al cohol s.  Suitabl e exa | es, of %gﬁh ydes t hat u i n t(ge pr oductl on

se
of am nob‘P‘éP?{‘“rP‘Es‘?“i‘fg SR TSI PRI SRS P8 °°'5‘E,‘B‘E‘é’f‘%l ’é‘“gé’P 'Gfsbﬂnaﬂ

acrol ein, f(;}@gq,zn%lcﬂgmﬂtmg agenf. urfural, glycols or the |ike, or conbl natl ons
conprisin |'east one of the foreqm ng al degides 18 [0066] Condensati on
a

product s 6l hefhepmineriash Frging ial ks alkdated msthylok melapingyresinsaalkylated methylol

urea, or the like, or combinations comprising at least one of the foregoing. Aminoplast resins

25  derived from the reaction of alcohols and/or aldehydes with melamines, glycolurils, urea and/or
benzoguanamines are generally preferred.

[0065] Suitable examples of alcohols that may be used in the production of aminoplast resins
are monohydric alcohols such as methanol, ethanol, propanol, butanol, pentanol, hexanol,
heptanol, or the like, aromatic alcohols such as benzyl alcohol, resorcinol, pyrogallol,

30 pyrocatechol, hydroquinone, or the like, cyclic alcohol such as cyclohexanol, monoethers of
glycols such as cellosolve, carbitol, or the like, halogen-substituted or other substituted alcohols
such as 3-chloropropanol, butoxyethanol, or the like, or combinations comprising at least one of
the foregoing alcohols. Suitable examples of aldehydes that may be used in the production of
aminoplast resins are formaldehyde, acetaldehyde, crotonaldehyde, acrolein, benzaldehyde,

35 furfural, glycols or the like, or combinations comprising at least one of the foregoing aldehydes.
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crosslinking agents. Al dehyde condensates of triazines, diazines, triazoles,
guanadi nes, guanam nes and al kyl - and aryl-substituted derivatives of such
conmpounds, including alkyl- and aryl-substituted ureas and al kyl - and

aryl -substituted nel am nes nay al so be enployed as 5 crosslinking agents.

Sui t abl e exanpl es of such c 0 S are urea benzourea

di cyandi aWn)é SPWﬁbﬁﬁﬁ?fhﬁ’FP‘g‘g% Sgﬁbﬁ?}aﬁaﬁw A Je%l ﬁ"r‘?& employed as

2- chl or o- ém@nﬁlmgmg@ms 1A§ie5ydetcbhcﬂaﬁéa&f§,of BraBibd) MiaziResdtridk A4, E'lﬂmadlﬁas5 triazine.

3,5-diam notriazole, triam nol%rl m di ne, 2- nercapto-4, 6-diam nopilrl m di ne,
¥

3, 4, 6-t r i BYBAAYERA ANy pndargl- F%&%éﬁﬂ%ﬂ%ﬁsgf ich é?‘?%ﬂk‘f‘%*( Fﬂ?{‘ﬁ%‘)&?ﬂ%{ ’Pe)

tet rahydr Qyi-SBbStAARd frea Alilalkyd3ZPLSr s%bﬁnt&’th@ﬂ:@lafn%k Q:a&'QQ@Be Exﬁ% %@% of 10
Powder | i nk 1174 Cytec I ndustries,; 3,4, 6-tetraki s(but oxynet hyl)

t et rahydr gof,sim]dag @entsssu@plemxmlgq @f.chhg:o@jpgwgis are N ,N'-dimethyl urea, benzourea,
N, N, N, N .N - hex i n r ne,
NNN. N d]ﬁ?{anma ci%kig) %éugxb Ernﬁ)g(x (f%l{/] I{a}nirle’ §rgl§nf:l§r{e f%ﬁlor% Zg%ﬁg\% l?ol- %gmg]ne,
3a- but yI fnasmé,,ﬁ@mghylaﬂ duammo 113 3 ribzinet 23- ﬂminnm(rrmblhammbbwln)ldme 2-

3a-butyl-1,3,4 trakis y t

ot r ayclr BRSSO G s B DR b-riaey bRAS 15 [0067] 1n one
enbodi rrente,tram(me&xoﬁlﬁﬁdm}abzleeahtyorouﬁmazqmsrtqmla&blermmaﬁe {sbidtuné® teaiame @k Kyl ol
groups, It is eralq)é desirable to_etherify a portign of these alkglol

gr oupd®t OPB‘P"c‘f\P'i‘ 143 Indusigies, hce)- F%ér%‘gtra%%o’a%fhéﬁﬁwhm ABRZEEOT esi ns
are t hose dfiftizdlé-2 5ehdheri N e N W N HeRIARRhoxfnethy Bt 18019k riazlO OB trlatnires

generally desirable to use t he crossl i nki ng e?e‘?ent in an amount of 0.01 to 20

W% 20 bASRN YN tNehaxakigbutgeinghylot.3 ftidazie ﬁr@rrfmeeﬁétbwbb%éﬁnab| e film
I'n one emg%@amni 3 4'6ttet'r£us(xqaﬁ d[yﬁlélh?l)té)a -blie - ltﬁ?s ?eﬁr%% b?@%%xg&???gn{%eﬁ@l an

amount of on the total I n” anot her
enbodi rrentetrail)tdrfr-smd%,zg["r%@ﬂluemwhj%é -didne, (mtlmslskm nkl ng agent in an anount of

0.5t Qs 10 {(WG:%: q efiBodi %nt 19 Esatjem% Q R]S amlﬁ({b?asL eL gg tgét%ﬁi{t%%naﬁgﬁél her

enbodi hen eS|ra use e Cross anount of 1
to 7 W% gtmamedt isrgenetvélytdoilableweetghﬁy afpmtuhe of thésenalkAdol Q&ummpivaie;sobznmu nt of
acid and/ or 9. base

d.
el ectric fsolulﬁg Iresmgﬁorﬁﬁ%agﬁrred menr?yaftdﬁg?]are% & tlfal?are eﬁxen#lecyve algmethanol or

rogra ectric programnmmabl e
film corrpbsuamalon may further corrprl se an acid and/or acid gener ator for
catal yzin pronoting.cros k|n during. curing of the sition.
St £ ab o R P! AP eeaET R RF e g dherl By sy ol < B FRR

aci d, 280 lbﬁsaaeﬂ&xewklfvm”gtﬂ:oﬁﬁt dcctﬁc dad@mgfdﬂemmm Uh bedngbodiineitt, ifib uor i nat ed
al kyl or F%ng&tl c sul foni & aci ds. such as o-trifluoronethyl benzag uI fonic

acid, tri blg &g wpe thsecraspifding ageRt i aAupLHiod tadP &t % based PLibF kot

sul foni ¢ 3€ing ﬁ% tnN@othbknboBimen Q fHt3d d!b@ﬁétﬂ’&t% u@@dﬂ@l&ﬂo&hﬂﬂn@hgén@ﬁﬁa% aﬁi&@m%ﬁf the
f or egoi ng aC| ds. In one enbodiment, the acid generators are thernal acid

gener at or §:3 tp 0 it hesd ondheSk ekt of thedilinn dp el pnothsr gmbedisrenls bisdegiiblertat e a

sul foni c qed fle E&B%ﬂnl@ﬁ% hoeAtih QR amSiHt Bﬁplo@ v3t5/a tbQ&H %ﬁkheﬂ&hﬂv&@tﬂ%’fﬁk@iﬁnﬁ ane al kyl
est ers of or gani c sul Toni c acids such 2,
25  exemplary amount of acid and/or acid generator is 6 wt% based on the total weight of the

electric field programmable film.

[0069] The electric field programmable film composition may further comprise an acid
and/or acid generator for catalyzing or promoting crosslinking during curing of the film
composition. Suitable acids include aromatic sulfonic acids such as toluene sulfonic acid,

30  benzene sulfonic acid, p-dodecylbenzene sulfonic acid; fluorinated alkyl or aromatic sulfonic
acids such as o-trifluoromethylbenzene sulfonic acid, triflic acid, perfluoro butane sulfonic acid,
perfluoro octane sulfonic acid or the like, or combinations comprising at least one of the
vforegoing ac.ids. In one embodiment, the acid generators are thermal acid generators. In another
embodiment,'the thermal acid generators generate a sulfonic acid upon activation. Suitable

35  thermal acid generators are alkyl esters of organic sulfonic acids such as 2,4,4,6-
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19 tetrabronocycl ohexadi enone, benzoin tosylate, 2-nitrobenzyl tosylate,
4-nitrobenzyl tosylate, or the like, or a conbination conprising at |east
one of the foregoing. [0070] It is generally desirable to use the acid

and/ or acid generator in the electric field programmable filmin an anmount
of 0.01 to 10 wt % based on the total weight of the film In one 5

enbodi nenfetratircsmbcfycldﬁaadamai&ine lieﬁzdihS(bsjilhe, mirsbeandltcssylaacmlt@emylab@naté Rrthe

electrlcflﬂ( roram‘rablefllmlp? %Tr}p {%‘“ﬁ 1 to 8 wt% based on the
total wei GAtIKDP! # FRINGIRJLQR comPprising st (783t oBHYIJbE PiNgit s desirable to use the
acid and/ @o7@ci dit §eRAéral Pdesirabld B@sEthe &did hrfd/dria€ldGendpitGAh HFERRIR ffeld M i n an
anmount of 0.5 to 5 wt % based on the total weight of the film |In yet

anot her epmgammable ﬁlrI“t"‘ prsareruf ofhf] 1o 1 @ wifk daser en theitepalarrighs of te fitm g ator in
the el ect ghbodlihdeh, by id BesRalD IATERRI:Eid bl A g%nef%mnhe fbeclid feid Wt Yo based on

the total weight of the fil An exenpl ary anount of acid and/or acid
gener at or progradmabfiba deah ampmh@f 0 otod| Wt\%ebagmordfle tored weightoaf thedfilmf iIe| d

programma oﬁneﬁéxht%' {;{18979.13 ﬁé?raﬁ'&g&&g tt%%?‘é%ngfwfudo IR e SeR0AGH to an

el ectroactive noie nor an or and el ectron
accept or pmgiammahledmnmn arpou@qpt ofrO Tordphtéxbasedonathé toret eighedf teSilgy doipet The

el ectroactive noiety nay. have rotective if desired. Th

ol ct r oactlEr fEpaietatis AR P isg VR kAR pippral BbE e it dcul es,
nanopaot i plog@matabRailiniif hiefmounbe¥712h 3Ehteakcirond @S waRNt JIehedTIGAMNC OF

i norganic electron donors. The el ectron donors can for exanPI e have an
average s F’?@‘F%FY %Ib""c"b"fl@@ AR49bARe Bsner afoR Fﬁz wiTh b‘?‘f’ﬁ@"'b‘ﬂ?? fas éﬂelgfl’ gk dpatric
protecti vgelgrg,%mngn@mmg{ inorgani c shells. The el ectron donors may conprise

netals, neta O oxides, netalloid atons, sem conductor atons, or a
conbi nat i ¥7Honpfs sirisd abgve, thaqlyBere asbondsd to aplesyorciye myiey Which way by e

organi ¢ ap@iRiy doft aH&B} {1}1d%ib%lr&rﬁac@é;ﬁ&%ﬂ&/o%&{n%%&hﬁ& éBfaneQQuaeJ f%ﬁétfoﬁ&l donors.
The el ectron donors used are preferably |l ess than or e to 10 nmin

di anetlér . gpie Thy eleetrpfctivpmoishinopatian ¢ & petasiye thell ddgsiredcl Glep@oa«?’eweetmtnh@ needs
of the papfjuf, Ex ﬂ@Yé %cﬁ'&glé{e s, hEERS A6 d&%rﬁ’cfles%‘l’sérg&kso” The band gap, 8,
avl ng

of a nanopartic rising atons’ an a given size may be
est i mat ed [09§2k heEthb@ dapprsumhay b(EIO)gaslﬁ OBrnma(llb)‘:leclvmmoemEFThfselQCItren ﬁelr(m ener gy

of the b U| fgpéxglnp(e%%ys?%gcg%gé%ﬁe \Q l(ﬁﬂgn étérsg'nﬁ Al H:t%ﬁ opt?onal E"% in the

partlcles or me rom he el ectron 1'eS" f or med
from thepetestiee qrgamdrmldéxlr erotgaon sbh)hoﬂ'hﬁmgctrdn slpricmg/mmed;cmridrlscmbehametalr

sem cagpduct..ng behayi 30 L NsSu n beh Vi or endl u
¢ enpert upkoe I meBlRY s Erl SpltR s P 5B Gin < BERRE Rl ofBEe e
and is i n‘fc&egmigy The pnmctwmgémd zmdloemogaatcmhc&ls pﬂVeﬂt@g@Egaﬁnempfethatlwem in

or der toﬁs c behavi or 5‘& article s ar.e {5 | ar ger,
o e ot APBRe: e rpu dPapesct epreisiply 87 bisn s ford] €0 a0 aPHERT < Milhavi or
at | ower pia¢ bf ¢ RanSpaAASe may be engineered to meet the needs of the particular devnce and the

temperature of operation. The band gap, 9, of a nanoparticle comprising metal atoms and having

25 agiven size may be estimated by the Kubo formula (I)

5 ~ 4EF
3-N

where Eg is the Fermi energy of the bulk metal (usually about 5 eV) and N is the number of

D

atoms in the particles formed from the atoms of the electron donor. The particles formed from
the atoms of the electron donor may display metallic behavior, semiconducting behavior or

30 insulating behavior depending upon the temperature. The size of the particles is generally
temperature dependent and is inversely proportional to temperature. At lower temperatures, in
order to display metallic behavior, the particle sizes are generally larger, while at higher

temperatures, the particles can display metallic behavior at lower patticle sizes.
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20 (0073] The particles of the electron donor may exhibit a coul onb bl ockade
effect that is characteristic of sem conductor particles. This is desirable
in situations where only a small nunber of charge carriers is required for
t he operation of the device. In such situations, nanoparticles of the order
of I nmare desirable for roomtenperature operation. 5 [0074] As noted
above, i t[0pBldesTheabitislet of the plecteanglonoramaydahibr o cowombblockade sffest thgeisparticl e

size of  up L3R lONOM p\gfftfcws.nTﬁipissdegi?a@g:qn siiufafi&ﬁ vqg&eanwumﬂﬁsi rable to
have or gani c eﬁ ectron onor s gr eat er han or equa 1o , gr eater than or
equal to @imbtenof dyargatariers rarquined &y thel opemtién ofithe devise. Indkmsh sitblians, wi t hin this

range, it_is generally desirable ve organi c el ectron donors |ess than
o equal PEPBH L ordER! LR o derap R G  A AR BN e qual to 60 nm
The si%e B074]1heAelcesitabove, it @ disinabieSfoathd eleéteoneloaat rdravearc @ptage partiely sip€of

measured by technjques ch as | ow .angl e xra cattering, scanning or

LT ansm ssHUR BRLAPT . MCIOLRByedr ATy dumek aher subbiss e ratims The
optional geAt@EdnlofeqEh®l ], Srebtsttbhd o qENULS, ahdd Gre@bEBiin @eqEQROF nAMdoC| €S
soluble in a suitable solvent. The thickness of the protective shell may

al so var ydeskigble withiRthis fange. dide gepsrally denrable tRbave gisaris lestgnpedoperg ks thamers t he

thi cknesseqhi th 96, 105 AaB OF Ll th 3¥ Shd TRY thRoVhAI®8 60 -Rm A TREALH S19hdHQ oA NE
el ectron tunneling and di ssolution characteristics desired of the system

For éRanpners ang thg elpewey agcepéars mey hhmeasuied by techiigues aushas jayy anglesstr ed char ge

to have a Ja{?é}&g,' Jcﬁn%inérarotr).t&mnﬁi‘sﬁ)‘h eﬁerg?(grg@}circysgﬁh)?héom% Bh&g%ﬁo@ag{.ge donor w | |

pr event el ectron 1ec ination 't preserving t storet’ charge. The
t hi ckness[0875}t heTlpraptienal protectYeashtllsdspadlydendenthe blectpardonenplagicles padilge in s wel |
as on the_solyvents d.solutes.in the. s tion, Th ver Lot ective
shell's fo?mtﬁge ggéeélﬁia{;heet 'gc C%Sooflf “Efoprﬁ%tf (g'vggiée%u"ﬁaytac])soavﬁr utﬁ © irﬁg‘%’r?noferl\ecgr I ckness.

W t hi n t hivandliap gt canttakeplage MEua kHeythickiesd sfalid @oteaivia dayer maypbeotaeied i ve shel | of

gr eat than or equal to 1.5, and ater. than or. equal. to nm SO
destr dbi cdeiipdhe ot fleciutiy@indtis nl GBhEias i diired §r G s dict ve
shel | of bkesfpld mamahory @eMial wiege i9is deibletfbadstértd eakbRlto haved lorgde, laess t han or
equal to 6 nm [0076] Suitable exanples of organic el ectron dongr noieties

i ncl ude, BifkeRraeriye shellfrquad a charedonppy llfrhieafaliclan eqembination thereby

4, 4", 5-tr1 predNg thetlord hhﬁ%@lmltma&cssbifﬂ(eqir&ydtﬁagwd@b&)ﬁ &f maphtiahiatl val ene,
p- phenyl enedi am ne, N-ethyl carbazol e, tetrathiotetracene,
hexanet hy MoERas !l 26 ai thy selv ¢y andisplyies Indhe falitipal dheaveragg protective shells for

anet hybenglsgtit aie@ioRShH Yre @b & EboutOl0 A thickiRss. OWitkif W3¢ ARd, ASgen&QNPT | Si Ng at
| east one of the foregoing. L‘OO??] | norgani ¢ el ectron donors are forned

gener al | ydesirablemlaragpivieeiye-shell olceeaies thag opequalig Lrvetnd ereridriteps oE el exdes of
(N cophar (e RYE pifin g Py sl ARPRERAC Sl COREN s e
(Ag), rhepquahto 9% Res)tharowrijealto 88 lessrthah arenyal Yo 6 what i num (Pt) or gold (Au).
T e BRI U B0l B BRI Vo RS Dl 1 1
25 tetrathiafulvalene, 4,4',5-trimethyltetrathiafulvalene, bis(ethylenedithio)tetrathiafulvalene, p-
phenylenediamine, N-ethylcarbazole, tetrathiotetracene, hexamethylbenzene,
tetramethyltetraselenofulvalene, hexamethylenetetraselenofulvalene, or the like, or combinations
comprising at least one of the foregoing.
[0077] Inorganic electron donors are formed generally by reducing metal-halide salts or
30  metal-halide complexes of transition metals such as iron (Fe), manganese (Mn), cobalt (Co),
nickel (Ni), copper (Cu), ruthenium (Ru), thodium (Rh), palladium (Pd), silver (Ag), rhenium
(Re), osmium (Os), iridium (Ir), platinum (Pt) or gold (Au). The halide complexes and salts are
generally redﬁced with NaBEt;H or NR4* BEt;H', NaBH,, ascorbic acid, citric acid or other
suitable reduéing agent in the presence of RSH, RR’R”N, RR’R”R’”’N*, RR’R”P or the like,

35 wherein R, R’, R” and R”” each can be the same or different and represent hydrogen, an alkyl

21



sui tabl e reducing agent in the presence of RSHL RRR'N, RRR'R"'"N, RRR'P
or the like, 35 wherein RR R, R' and R'" each can be the sane or different
and represent hydrogen, an alkyl 21 having 4 to 20 carbon atons, an aryl or
a fused ring aryl having 6 to 26 carbon atoms, a dial kyl ether group having
1 to 12 carbon atonms in the first segment and 1 to 12 carbon atonms in the
second se9m4 togf C@rbk'yilltamylan@ﬁ’d)afpa fyaadiring aryl hayvin6 wadtserbonnioms, a dalkdr y al kyl
group havj LR reup havi ng
2o 20" o B stohavine 1 59| R R fhe BRG] T 0 Bl e B D e Do
atons, an smbmegmmtaﬂ;ﬂlkymllxmeMWa% taR4ecatbon ateasi angarylelkylgraup heminpdmo at ons

int he Caﬁpcﬁg mascllg}'cﬁr %’ 1n§tncgaliqf_llt Pou%]%acr?‘%r S 01 taﬁanﬁ a%rr]nstahl?et al coholic or

phenol i c Seg rrent T easy carbdn atoms in the first
al cohob segmautedalkgll grdupttavihg 40@E(bcnﬁbcmtm nmalk)ﬂer sgtaiibxglicaitbdstes bavimnt or
the |iKke. for 0| n r be ar clic or branched.
The 1 edued o Do aaRds My cBbpiiisSoiamenl THd 1o s SaRaLAGRY e aoholic &
tetrahyd \rl\glﬁdﬂbﬁd”lsegﬁcra zbdaﬂ)brnhté k816 ha%mpy & px&munmwmsnﬁ theQTrstQlcBRY] st enpdde

| i gands ich facilitate the formation of a protective shell on the

el ectron ddhblcatiopategys in thessrend Alsehel treRent of thes like olnethe fopoingsalkyl &oiPsri ses a

silicon oxjadge hﬁeﬁr Bﬁ:hcgﬁ Qi‘éﬁcheﬁ‘h?ﬁ@ﬂeﬂhcﬁoﬁﬁg@i‘fbrﬁiy%wh%\ﬂ 1H%e]pré59nc%4)fcar bon
atoms, a cycloal kyl " having 1t carbon "at ons, an | al'’kyl having 7 to

24 carlBon teirebydgofuram, 23 Ripyrading, SM@I‘lOmglumoiltbe 2ﬂ0lb%rrsbk§4bl%h8§n%$ whigh faeiigte thavi ng
15 1 to 240&%&0& %poqg@we a,eh%%%éaaem{;}m to 24 carbon atons, an ester
to hiGet her

having 1 car at ons having 1 to 24 car bon atons, or an
al cohol h#0078h 1In®ezmbo¢nbmnthatpmtlvashell RRthega sipnihelecinRR gawg R can be
t he sanme or differen to 24 gar bon

. havi

atons, a CUSERA RyMe @1‘3’1 avmgim? Eaﬁ%naar(%"s a8 CI ﬁ‘ylfﬁ%“%@ﬁ" 2IEl %ar]ﬁo PWMHG"7 to
24 car bon a@uszltmha\@rrg ’atlokatIcanbyxh atbmuanglk}lamh2\4ng:'aroburcaﬂatoﬁmmsadn eﬁtehmrvutgavi ng 1
to 24 0 at ons, Vi to 24 carbon ato an_ ester having

o 35 anDAE Ao, KATIEREE | AR i S Bl B CdEt ' al coho)
ha\rqj ng |t Qtodd, LalcbmEr kgl to Qaﬁ&éfr&hyaﬁiﬁl?bf u?@mcohbleiavagydémmrmm@ & a
conbi nati g onpris a one of t or egoi ng 00791
Tet r ahydr ﬁhﬁo@ﬂ%@%‘?&?ﬁﬁé’d&éﬂ‘ keghetasior ﬁ'zﬂfé %@ E%LX‘WP%)C 33lkvhdi um (Pd)
and pl at ihawhg ( Btz)4 caah aioRis Ok yelo@Ik Y Iraing @ RO ScarBdAQEsing, AOAYRIKyCha®in@ Ft ON
donors are made by reducing. 25 the netal salts such as manganese brom de

(MhBr2), 3ﬂa@¢?nﬁwreh|abﬁkkulérye paveneo) o2 Garban rtamp-aetheT bavingd tePearbIn wit h

pot as siguMafgnises l'('e(dn'@(ﬂﬁﬂh%@ fd HEcafén aéﬁk%e&tepnavtr@t I @2k kybai e, Wikiodigohydr i de
(NR4' BEt3H) (wherein Ris an alkyl having 6 to 20 carbon atoms) in the

presence haying bto2dipprbon atemspianp alcolmd hayingel W24 fcabpaprmsptajahyfiefirge used as
stabi | i Zertérah?dr&tﬂ{]gl\etnggr P&Hﬁtﬁ%b}{@om@ﬂﬁlg a§1e9§? J‘&tﬁé fedebfag. donor particles.

30 [0080] In anot enbodi ment, i norganic and/ or organongtal lic
nanopart i ¢d09%| detrahydrothiapbens mayrhs udest thviabilizs wAnzanesn Vin), prlladiamePd) adch as Fe,

Co, N, Of)’latimﬁh (ﬁ?con%%ingo‘gecu%ﬁ ’don%s. 'i"h-l::se i%rg@rﬂgel'gﬂron donors are made by reducing

25  the metal salts such as manganese bromide (MnBr;), platinum chloride (PtCl;) and palladium
chloride (PdCl,) with potassium triethylborohydride (K* BEt3H) or tetraalkylammonium
borohydride (NR4" BEt;H') (wherein R is an alkyl having 6 to 20 carbon atoms) in the presence
of tetrahydrothiophene. Betaine surfactants may also be used as stabilizers to form the protective
shells on the electron donor particles.

30 [0080] In another embodiment, inorganic and/or organometallic nanoparticle electron donors
are derived from transition metals such as Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag, Re, Os, Ir, Pt and Au
by reducing their halide salts, halide complexes or their acetylacetonate (ACAC) complexes with
reducing agents such as NaBEt;H, NR4* BE3;H', NaBHj, ascorbic acid, citric acid, or the like.
In yet another embodiment, mixed metal inorganic electron donors may be obtained by reducing

35 mixtures of transition metal halide salts, their halide complexes and their ACAC complexes. In
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by reducing their halide salts, halide conplexes or their acetyl acetonate
(ACAC) conmpl exes with reducing agents such as NaBEt 3H, NR4' BEt 3H-, NaBH4,
ascorbic acid, citric acid, or the like. 1In yet another enbodi nent, m xed
metal inorganic electron donors may be obtai ned by reducing 35 m xtures of
transition nmetal halide salts, their halide conplexes and their ACAC
conpl exesyet inothep @nlydimencldsaochemivaliedmtion ofghelkdlide sdhterhalidd compdhxes orahe of t he
hal i de sa hal i exes. o the CA I Co,. N, Cu, Ru,
R, pa, - A ARG of POt P AR B BT A s o 880 i
el ect r on menarisogaiingedarondond@s ysigf a wiriatyiof stailigersuich asslBHA, HF,
tetrahydrothl ene, al kane thiols having.1 to 20 carhon atons, al kyl am nes
havi ng” 1 FRhygo "EP ?'ﬁoﬂlﬁ%{leél?fﬁls 5’6‘?‘“&) fo£0,£arbgp ptPmS 3%“‘“‘[56’68‘??? 1heY el ect ron
donor s5 amgﬂgﬁ@@h@hhym@ngsgmkmha the electric field programmable filmin an
anount of 1 to 30 weight percent (W% ; where the meu?ht percent |s based on
the totall O@JghtThe&feCtr%dcwpté@fc‘rgeeerﬁilbeprasemlagl?%fﬂﬁ?ﬂm field prpgrammablg i
enbodi meng, an{on@[ #1185 86 ABigRGRRER (We); me@nﬁé@a ht Ipbr@eﬁt RSaSldnlihd Gal bv@ilgﬁt
programable filmin an anount of to n anot her enbodi nent, the 10
el ect r on ddheoiestripdielbprogamgable film. !meén@@dlmm the eleeiraprdogera mas bt presdnt m | n an
anount of. 9 S
be presen%l %9: etle% ?C%ell&g%({%mﬁln}a?ﬁg?dﬂ ng%ngﬁﬁoélﬁ{m@g’ﬁg?ﬁqﬁi |nrhla(?](?1{:r§1 g%ﬁot&)ﬁpn é}l.? rh%rS to 25
wt %n. 1 00863:}roﬂ' ﬂ@lOSBhE)CHZEI oesentfin tHeeleofpic |fre1s|lrpr@r:anmalﬂmﬁmmea|ntamouints>f ilotd 26enced by
its electr to use one or . tron acceptors
to minimnYE° t]ﬁ'ygzs*}%ﬁthg %tiotdg'éeélg%ﬁle?ﬁcgm%%"& STy bepEeSE n%‘vgl&aélﬁ? onnent al
stabili typrogx’amhﬁblalﬁaﬂupmdnha)ftls t3eweo.pl urality of different electron
donors, QQE and/ or. donor/ ac € tor conplexes t pro i de | i qf
swi t chi ng ar HECEPFIOR L the opRY B BIFCTRACETREN 1S RY A ‘Sre GEOBHTHIMY- 1 pl e

bits in aispbiiplictoabesiRvr mdfe didtaoh hdcBptors Biininhize tesasm |v6l$ag@sf whillesterap
acceptors, include 8-hy drox ﬂUInO|Ine phenot hi azi neg,
di met ﬁﬂu alfARvae é%roma@ﬁ?la*fa 8y Jhfsialse ﬁess%tpwa? %)Blyamyr?é ditferent electron

per f | uor ogdpbRadc &8 aR&or &Qoﬁ/@kémﬁmi&&n@ BiocRRle nﬁlﬂl}ﬂ@d’mféhﬁlﬁa' ocyani ne,

copper perfluoropht hal ocyani ne, per tetraphenyl porphine,
2- (9- di cyHRERETiHiFs émetgpmpspsn@]gdh@%@a@%fmlﬂ@%%wsnﬁpé&ﬂélﬁﬁkmeﬂ@f the film.

phenyl azoSQﬁB%%Qﬁn;ﬁes%f@le@t‘ron acceptors mclude 8-hydroxyquinoline, phenothiazine, 9,10-
4- (pyridin-2-ylazo)-benzene-1, SP benzo[ 1, 5 5]t hi adi azol e-'4, 7-

di car boni thmetherlanﬂl@wr&ewr@qwowummmhﬁwamqu|phr<§lmprﬁehth@ﬁvmrpr omazi ne, or the
li ke, H@r G%{F:@Jfﬁg&-%l%@c Htl%a'l&?arﬁ‘r‘ie t&Rstp eﬂﬂx%rc%th%l*&@ya%@% gé?g el ectron

acceptors. ectron accept or's are prefera noparticl es and
gener al | ytelraphenylparpliing, @- (31dzcesnom9fhylent:@plm@Shndecwylwpmp)mlcswnmigé- it is
general ly | to
175" o PRl 8t d, LANE ¢ SOGRALEDAOIRRIRET SN R el RONEC T2 1
general | yddaﬁbommﬂﬂ etmq'ahmnmoéinedtangrqumohraqotldmpmhmme ton e like, ®qual to 50,

| ess than _or 15 nm Suitable

acoept or AR e gy BREosGY D Rbl pRRf sl
' 25 [0083] The electron acceptors are preferably nanoparticles and generally have particle sizes
of 1 to 100 nm. Within this range, it is generally desirable to have electron acceptors greater
than or equal to 1.5, greater than or equal to 2 nm. Also desirable, within this range, it is
generally desirable to have electron acceptors less than or equal to 50, less than or equal to 25,
and less than or equal to 15 nm. Suitable acceptor nanoparticles include but are not limited to
30 antimony tin oxide, copper oxide and goethite (FeOOH).

[0084] The electron acceptors are generally present in the electric field programmable film in
an amount of 1 to 30 wt%, based on the total weight of the film. In one embodiment, the

electron acceptors may be present in the electric field programmable film in an amount of 5 to 28

wt%. In another embodiment, the electron acceptors may be present in the electric field
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30 antinmony tin oxide, copper oxide and goethite (FcOOH). [0084] The

el ectron acceptors are generally present in the electric field programabl e
filmin an amount of | to 30 wt% based on the total weight of the film In
one enbodi nent, the electron acceptors nay be present inthe electric field

pr ogr ammabl e il i_ an anount t her odi nent, the
el ectron %reeeafna\g?g ﬁw %leaﬂwa%%fﬁb 9 %é Wé |ygt*tnmher s s "‘:gﬁfra?nmm e film
in an amubipi@f mhPbd frehit Wil cldciic/Rld progla@iabR MnacH AEMount bra 5&b 2Sivien
acceptorsoggﬁtbe resent in the electric field gﬁo granmable filmin an

amount ofl eryglogiron HoRpBSINARIS HORISER!PaVhEBNTDIohiRgY @ detndd heccept or s,

whet her  Ofolyir, &rbRVbe@bRAbMCHU NS QindelT6rmuPRiod TEH belRVEd thek BRc@oRd #Ad i n the
same forrrul ation, it is believed that some donors and 5 acceptors will react
to for diseentorspabisacs o oFAEPROTmECegtor commpleten ax ANasmajivelyehage-tapsderstlis sal ts.
The ext ey Qfseh faGLdcQbh @k@em%ﬁt 1d:016y S 6P @bddoRldbiorhe folEalect T on
donor, the 1onization tential of ectron acceptor, kinetic factors
such as apdtéensial afeire maprgacesptorakmﬁt\m’mtm sexhtas a(plvetson @nn@mﬂctlmtm emrop®k UNes,
and ener gi stat rlbtabledto thu? etcts Rf ign.tgtformng

spont aneoi’J‘sIaS/1 lion, Voluragy ¢ ef"er§le|§eé B¢ BAALACE O HIHOAEHSIU B nd el ect ron
accept or sspofi@iisisl B maﬂmfarreamarpbcew&sl ete@ftorDdonoRtahd Bladtton aadzﬂ(bds tiéhot-he

formul ation to adjust " off" threshold vol st at e

curref?s aoceft?r-coepﬁfe cefelpff %Pgalaﬁ&d%e the fprulgtionitqa ‘Pgo"“cé ‘é%ﬂ%ff@aldt hat

donor acc&ﬁg&r “dn0 B @Y Rénts, WOXEL IRE cifen3Qhd thRSiKe. i B AROUBRtehPalell aP®nper, can
be added separately to the filmin order to adj ust threshold on _and off

vol t ages. 29CEPIPrCompiet fe MNeEbH OB AP Ry R havat 1Bt PPIYFH%T caibf afded sepastd vist or

portions gf fithén 8896 ad}@sﬁ? 8REsR51d R AR 66K véi&)éestt D aHMEr doRteldpEatddQha 'B&h theld
[00861 A wide array of "donor-acceptor conplexes may be used. Such conpl exes

i ncl ude, doengs angrascepis pPitigns of dhe dpnor-gceenigrisompigk Wial bpbound to the polymer.
t et r agyanfgg) nOdNﬁﬁﬁ{:ﬂFh of dOHRX %E‘%Féa}’é éx%% 03} 64 @by §1?c|h%91‘381exes incl

t et racyanoqui nodi net tetrase ena ene - tetracyanoqui no nret hane;
hexanet hyb@nest ret limied tertafrathivtalvateae - tettlec)raaw;nawdquthwctl rret hane;

oty car hagalfy el SHRRIRNARY Ao IRLDANG.hEL ATELIYLARLEASE! enof ul val ene

20 tetracyanoqu opar acyanqu|nod|nethane
conpl exes tetraccymmqnmpdnglegxahd hempprytepetstrdsvlemafvﬂwalcmert;:mkganoqmemhmethane

tetracyan g}lg lrgzargazn?elt {}%i:yglg)o%mga(lmethﬁnet (taettrlgi{%tﬁttﬂP'lgettraseliengﬁl?valene -

tetrameth ram’ne
tetr aQQantquylamﬁlpﬂBﬂlll’mﬁﬂm{; anpdl exrepartitlet tea;tclymﬁmhmajneﬂhme complexes
hexanet hyl enet et ra,&ihl af ul v | ene tIﬁet rasel enaf ul val

hexanet hy FUPREISHEEQatRRES {] sfafrréﬁ’& Bpeene mewg? PethanesoBPIRkesl ene- N 25

al kyl car bagathftdrhcene G&Qamdthyﬂl?é}ihexgﬂenbﬂlalﬁiﬁhaﬂ)\em{%yﬁ%ﬁ&net etrat hi ot etracene,
tetramet hyl - p- phenyl enedi am ne, or hexamet hyl benzene- Buckm nsterful | erene

Cho conpl é%vanoquepﬁlaiemaa? EAmpleesidetrathisfulyalensy hexametbylensteiratuafilyalenene,

tetrasel epghitler@uBaRne, hmf@tehy&e&a@e}ma@a{ee&a&kum@lyﬁaeaselefcofmvalene N-
tetranmethyl tetrasel enof ul val éne- N al kyl car bazol e(Cl -
25 ‘alkylcarbazole(C, — Cjp, linear or branched) complexes; tetrathiotetracene, tetramethyl-p-

phenylenediamine, or hexamethylbenzene-Buckminsterfullerene Cqp complexes;
tetrathiafulvalene, hexamethylenetetrathiafulvalene, tetraselenafulvalene,
hexamethylenetetraselenafulvalene, or tetramethyltetraselenofulvalene-N-alkylcarbazole(C; —
Cio, linear or branched) complexes; tetrathiotetracene, tetramethyl-p-phenylenediamine, or

30 hexamethylbenzene-tetracyanobenzene complexes, tetrathiafulvalene,
hexamethylenetetrathiafulvalene, tetraselenafulvalene, hexamethylenetetraselenafulvalene, or
tetramethyltetraselenofulvalehe-N-alkylcarbazole(C, — C)p, linear or branched) complexes,
tetrathiotetracene, tetramethyl-p-phenylenediamine, or hexamethylbenzene-tetracyanoethylene
complexes; tetrathiafulvalene, hexamethylenetetrathiafulvalene, tetraselenafulvalene,

35 hexamethylenetetraselenafulvalene, or tetramethyltetraselenofulvalene-N-alkylcarbazole(C; —
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C p, linear or branched) conpl exes; tetrathiotetracene,

t et ranet hyl - p- phenyl enedi am ne, or 30 hexanet hyl benzene-tetracyanobenzene
conpl exes, tetrathiaful val ene, hexanethyl enetetrat hi af ul val ene,

tetrasel enaf ul val ene, hexanet hyl enet etrasel enaf ul val ene, or

tetramet h\él t etrasel enof ul val ene- N-al kyl car bazol e(Cl1L - C10, |inear or
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hexanet hyl enet efrat hi aful val ene, tetrasel enaf ul val ene, 35

hexanet hy fasegeingtdonarercespicr spwplExse, or

tetrameth fra I | b or
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100 3caspigf opmplpxsede BIFSEhE thotletricisld possmmalle film|ipan amouppel brher
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the film a conposition conprisin yrrer coval ent to the
el ectron aocémtlpbendaddy the eledt@otaﬁwnmd@ndy’pselammndpnqiomﬁlr‘ordgmxacwpmlS conpl exes

S denast LEAoRRady RPRTEREE SounthSc SRTASIAMAR i o AGR el BFLu el b Bty cUr e
manuf act urleptgic tﬁlaka piogrmmameﬁl}nol Iyl aestharmyethodef mamdha@aking thaxfilid) dmed;elymeedlay

el ectron acceptors, and/ or .e|l ectron donor,s and/ or, donor-,ac t or conplexes
e pr SE GRSl B Se e oRroL P oy Bef e o e AR R e ol ot o
and the gomplexds in the pieagnoé aff atbpabdnahsadvent. EfHedilindsnher edsufr@m solltitéonfant memay be
cast by a nunber of differen nmet hod itable e | es are,.

coat i né §§?’%ﬂ} IR HE, L@ E’ts’}ec}‘é'f‘%etr?tﬂre ig“f Fﬁbmaﬂkﬁcaééﬁ’n%)rﬁlé“%er o erantl ng,

sl ot cat initghod@r SdidaBle Ekdi@les-ﬁﬁﬂspﬁi wafifg, Spriy @atng) eReFR MR Eng, idipadatyg, al SO be
manuf act uriacdj by processes such %s i njection polding, vacuum form ng, blow

mol di ng, ArpPadagstoh coingion e at“&‘r?eéﬁC&lCCf&éq?rﬁgam&aPlﬁﬂéwﬁyeBaPFng, slide

or cascadeniaeRtiRd by pHctREsuctR3hjkddn nollihg, ¢RRLINTEmSHE BiAsSmbRIngar d and
reverse roll coati n(gfj gravure coatin meni scus_ 25 coating, brush coating,
n

ai r kni f e CeHEtEPSRY mAing, patch distoplingney ?wgww%es@bée OTCAWAdEAOAHIE, FRIfAHY

processes ’coétﬂl? ﬂoﬁkomng RS BARRESGSverd 81 atihd, SRS bR costhg N nRFish@s er
assisted ablation froma carrier,
25  coating, brush coating, air knife coatmg, silk screen printing processes, thermal printing

processes, ink jet printing processes, direct transfer such as laser assisted ablation from a carrier,

self-assembly or direct growth, electrodeposition, electroless deposition, electropolymerization

or the like.

{0089]  In another method of manufacturing, a reactive precursor to the polymer may be first
30 reacted with the desired electron acceptors and/or electron donors and/or donor-acceptor

complexes. The reactive precursors are then reacted to form the polymer. The polymer may

additionally be crosslinked if desired.

[0090] It is generally desirable for solvents used during the manufacturing process, to be

capable of sdlubilizing the polymer and/or the electron donors and/or the electron acceptors

35 and/or the optional donor-acceptor complexes. Suitable solvents include 1,2-dichloro-benzene,

25



sel f-assenbly or direct growh, electrodeposition, electroless deposition,
el ectropol ynerization or the like. [0089] In another nethod of '

manuf acturing, a reactive precursor to the polynmer may be first 30 reacted
with the desired el ectron acceptors and/or el ectron donors and/or
donor-acceptor conpl exes. The reactive precursors are then reacted to form
t he pol ynmsoleTmé(eqbeylyma'sormmyo xytéde, tporeak] m-xplene disthy| ¢antiemdtei fropideier ed. [ 0090]

| | 2 f
or ocese.  aopit KR GOFR 3 KEOPRREREOMT YR Rol o6 B sl

donor s ana/differdrin encBiepxeieholﬂnea:c cwlit or lsrarﬁiﬁecamﬁﬂancytehe atkyhé, beadyl etaingr - ac c ept or

conpl exes. .Sui e.so ts inclu di chl oro- henzene, 25 ani s

i eyt BAIEsSBYE LT 19 GhoR AR AR a5t o bied S R R AR o

pr opyl®£new 6carmbr Adine. Fﬂaheﬁ;@chBquuﬁﬁle %F\stmdnﬁyc@%ﬁse&eﬁmm); vhaeein R
and R2 can be the same or different and represent linear, cyclic or
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carbon at@usi] antheRicirk R1d grogahm@ble AinRHaY 8ido slptmmeymon@lnkﬁfb&wng@émg 15to
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swi t chi ngddﬁ(l:lei egeiriipoitching @sltdpe ntighiatdestbeldw MooudS Vi 4 fiint hidkiiese eftef Stiogdl

opti is generally desirable. [0093] The
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el ectrlgc ?q"é'%‘wﬁr% &BWﬂﬁ%qnéraW&rﬂr%?/ be used in a cross point array. Wen

the fil ngos3jusethd d]'ec&wcﬂdl)cﬁ?'omm%bl@'ﬁlrﬂ)’naybéEseﬂ|11€£§r6§bqﬁ)§1t aRYy. benalwetrical ly
coupled to the electric fi rogrammable film The cross point array my
advant ageBlisisysedip p Gipes Rointdfray ffrel eéfa}m% gy ba glectarallnepypledan the edgetric field

coupl i ng Exlogt@ﬁ%biefﬁhﬂ FRORORSVnt | ﬁgﬂﬁe&t%&d@@aﬂcm&eﬂﬁke@ﬁwc%uﬁun l'd 20

programmabl e filmor electric fiel rogranmmabl € fil m el enent
el ect r odetleEEnPP slscigral cappding plemgnt l%wmnongn@ltfémﬁ@ Betypen thmleﬂtrwaﬁfrléy films,

et al ZGONnggllaEﬁhaElelfﬁﬁ or BEdiad ﬁ&ﬁ'?}o%&%mbiieﬁlmfélérﬁéﬁt Mgkt heds @Jaﬁ{ﬂ&@ Bf de is
oxi de frde, selenide or telluride or conbinations thereof, netal

pni cti de ¢ledtrieal ogvphies tleraentayvire me@kalloy fmq,me@écomémﬁwéemetak@ehpmlde
anti moni dﬂl rwhe?eotﬂp!:tps?ctog 1§ Qﬁ&ce Ql];lflhé1 s&&ﬁ&eqﬁttell\ﬁh&@oracopl'b}nahéﬂg?he%of a word

| i ne. Exenplary cou enment s may
metal pnictide films where the pnictide is nitride, phosphide, arsenide, antimonide or

combinations thereof in contact with a bit line or a word line. Exemplary coupling elements may
25  be copper oxides, sulfides and selenides such as iridium oxide or thorium oxide coupled to an
iridium or tungsten electrode. An electrical coupling element can provide ohmic contact, contact
via a conducting plug, capacitive contact, contact via an intervening tunnel junction, or contact
via an intervening isolation device such as a junction diode, a Schottky diode or a transistor or
contact via other electrical devices. A further function of the electrical coupling element may be
30 to provide a chemical or physical barrier between the electrode and the field programmable film
thereby mitigating electromigration or other physical contamination of the field programmable
film.
[0094] Other embodiments include devices that respond to optical phenomena. In one
embodiment,'the electric field programmable film may be programmed and read by applying an

35 electric field and erased by the application of light having a suitable wavelength. For example,
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10096] Transparent electrodes may comprise indium tin oxide (ITO), wherein SnO; is doped
25  into InyOs in the range of 1-20% w/w with respect to In,Os, especially 5-12% w/w, or indium
zinc oxide, wherein ZnO is doped into In,O; in the range of 1-20% w/w with respect to In,Os,
especially 5-12% w/w. ITO may contain other metal oxides such as TiO,, PbO,, ZrO,, HfO,
ZnO and the like at levels up to about 1% w/w based on oxide. Indium zinc oxide (IZO) may
contain other metal oxides such as TiO,, PbO,, ZrO,, HfO, SnO, and the like at levels up to
30  about 1% based on oxide. Conductive organic transparent electrodes may also be used. These
include poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonate) (PEDOT-PSS), conducting
polyesters such as ORGACON™ transparent conductive films, available from Agfa-Gevaert
NV, Belgium, and the like. Traﬁsparent elect.rode films should exhibit a transparency greater

than about 40%, and more effectively greater than about 50% at or below about 365 nm of

35 wavelength.
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light emtting diodes. [0096] Transparent el ectrodes may conprise indiumtin
oxide (1 TO, wherein Sn02 is doped 25 into In2 in the range of 1-20% w w
with respect to 1n203, especially 5-12% w w, or indium zinc oxide, wherein
ZnO is doped into In2A8 in the range of 1-20% ww with respect to |1 n203,

especially 5-12% ww. |1 TO may contain other metal oxides such as Ti 2, Pb02,
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line 8 and bit Ilneg PureZb epicts a cutaway view of a cross-point

array 28at Additien. thete amedpluralityjof plegtrigg! G?%H“PG glegenthiexamplifise byl  intgrpesed el d

progr aml%la{%/eéd t'h%l@étﬁ@ﬁélh%rcfgﬁaﬂ{n%f‘éﬁlﬁﬁ alythd bordB8fcl el ectric field
programabl e I melenent is electrically coupled to a word |i ne,

exenpl i fi é@f”’ﬁl/ 1 Figugtfa)gdepicts ajs¢hematiediagipmof p expspRointarray memorygigdice i on, t here
are a pl ug@nbﬁs\{ngoélecﬁ*c%‘id’ ﬁrﬁﬁgmﬁﬁiﬂ@ Iﬁ!rﬂ gleﬁlleﬁgqgﬁr&’ent@a( Gm, efekt‘?}galg'ycoa;ﬁed to

i nt er pose
an exemplary bit line, 17, and an exemplary word line, 18, via exemplary connections, 19 and

25 20, respectively. Also shown in block diagram form are the sensing electronics, 21 and the
polling electronics, 22. Figure 3(b) depicts a schematic diagram of a cross point array device
comprising electric field programmable film elements, an example of which is shown by 23,
electrically coupled to an exemplary bit line, 24, and an exemplary word line, 25. The electric
field programmable film elements are electrically coupled to their respective bit lines,

30 exemplified by the connection at 24, via isolation diodes, an example of which is shown by 27
and further electrically coupled to their respective word lines at 28. Also shown in block
diagram form are the polling electronics, 29 and the sensing electronics, 30 used to address the
individual bits and amplify the signals obtained from them.

{0099] Figure 4 depicts a cutaway partially exploded view of a stacked data storage device

35 on asubstrate, 31, comprising a first device layer, having a vertical line array with a plurality of
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between the electric field programmable filnms and the word |ines. [0098]
Figure 3(a) depicts a schematic diagramof a cross point array nenory device
conprising electric field progranmable film el enents, represented by 16,

el ectri caIIy coupled to an exenplary bit line, 17, and an exenplary word

i ne, vi.a exenpl ary .connecti ons nd 25 20, respectivel Al so shown
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conduct i n% or sem conducting electrodes, exenpl i by 38, and

i nsul at i ngiel@rearammatiefinngerenyprd the vortieal lamis P’&?fﬂ?a“S@P“Edﬁj tOéheei?txrridc field
programmebl, e, £ b el%cgnc ﬁélggPJgfa?rﬂJ)sz}’ fﬁHlLb[l)Angts/t ifa \;H}%ifﬁiwa%k%@@até){tora%e

sem conducti ng 10 el ectrodes "exenplified 38 an conducti ng

sem condudlevisrrogipdetsrodefurative sl¢ctddifedh by 41, in a horizontal line array

w th each el ect ﬁ)ge\,ﬁg RPp isol ated fromits nearest nei ghbor by an

i nsul ati ng mate i al Ving & dielectric constant, exenplified by 42. [0100]
In ger®ral, theWeH untVaPHlLines and the verti cal lines intersect each other
without direct lgg ﬁjl agd el ectrical contact, and wherein at each
prescribed intef ct|]<5‘ '8f9a horizontal 15 line and a vertical line, the
horizontal |ine[V®HPRN,rically coupl ed to the fi rst surface of the electric
field progra rrent the.v

le film el rtical nel cal |
coupl o0 §ERG CERGRIPREGT AR { RoBIEPETCh File Gt boPaab eI
el enent anide W)/, ¥iifla sétichl fhagkg P datsa FelRbwig Gielddeddratmaafilin Segerds
confi gz%r ation selected fr ?
' arrayed in essentially coplanar fashion, and D is a dielectric insulating layer.
[0101] In addition to single layer memory structures described above, multi-layered
structures such as those shown in Figures 4, 5 and 6 may also be constructed. While the figures
indicate only a few device layers for simplicity, a larger number is contemplated in accordance
with the appended claims.
30 [0102] Figures 4 and 5 show stacked structures separated by a dielectric isolation layer.
Such layers form a substantially plane layer-like structure, making it possible to stack such
planar layer-like structures, thus forming a volumetric memory device. Isolation layers of this
invention are intended to isolate the various layers from one another electrically, capacitively,

and, optionaliy, optically. In addition, the material must be capable of being etched so that via

35 holes can be imparted for the purpose of interconnecting the various layers. Inorganic isolation
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[HPVD] " _1HPV, 20 [VPHD]" _1VPH, [HP V PlmH and [V PHPImYV, where n-1
and in represent the nunber of repeating layers, n =1-32, in = 1- 16, His
a horizontal |ine array, Visa vertical line array, Pis a set of electric
field programmable filmelenments 25 arrayed in essentially coplanar fashion,
and Dis a dielectric insulating layer. [0101] In addition to single |ayer
menory st magtisls egchce siicinbexiteafoove] bymbkhical apardepositehfwot the dsospaditiasoft hose

shown in Fl 4. .5 a may.al so be caonstructed. \\ile the figures
ot o hrd SRt PO T g F8efr SRFRET iRl ol dplidd s
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cont ad® dicBHBIEE u’\’c‘E'EPrl ége %Taythﬁé‘“&i:?'iﬂ“ﬁ%‘g OF $BUePPRiing HBsAncxempRiigh hyetsin

St acked d%ms&snmcwmu@hn HKQeBicBrdub@iianatéia erbiapIgRd BousRRGng R Yiffefont ayers are
exenplified in Figure g'I'hese st acked devices are distinguished in that

t hey do n&Ofb@@C‘i%‘dhaéEt"i“d?Pslfafﬂ?%a cqnipst deds, andipsulpberg bavinge igectriggapgtanthet ween
adj acent fek&hﬁlfﬁa 8L AIHRRE G fﬁ'eidrﬂrég@éfﬁrﬁa%le fllq{l-gé,]ang'agb'ﬁﬁméll fRpingls a cutaway

partially expl oded view of a stacked data storage device having a
subst r at e comprisigg qonductingjensemécopdiring bnes exermplifisd by d8 wndiasulaigrehavimhe fi r st

devi ceyl aygliectr AT RER lﬁie\d%& t49 C%e dlb&ecoﬂalbﬁél-x afl GdaP Qorﬁ]ﬂ-%g%g%rhﬂﬁl hling

sem conducting |ines, exerrp i f 44, in contact wt ucti ng or
seni conductvwak fungticsrtetiyeen axeant H|9feiVe@d layponrictingeppl ynepr hading 4 werddunction

greater than 4.5 eV. Portions of the bottom surface of 46 are electrically coupled to the lines, 44
via the contact diodes formed by 44 and 45. Portions of the top surface of 46 are electrically
coupled to the lines, 48.

: 25 [0105] Figure 5 further depicts, in cutaway form, a second device layer, isolated from the
first device layer by an isolating film, 50, having a dielectric constant. The 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,

30 exemplified by 54, an electric field programmable film, 53, and a horizontal line array
comprising conducting or semiconducting lines, 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 diodes formed by 51 and 52. Portions of the top surface
of 46 are eleétrically coupled to the lines, 55. The first and second device layers in Figure 5 are

35 shown aligned with one another but can be offset to facilitate interconnection.
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wor k function than 44 thus formng a contact diode, and insulators having a
dielectric constant, exenplified by 47, an electric fi'eld programmbl e
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30 [0106] In Figure 6 is provided a parti all oded cutaway view of yet
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having a dielectric constant, exenplif 61, an ectrlc field
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constant, exenpli Portions o ottomsur 60 are

el ect rmcaICDl}ducmwpbﬁe@iCQrdthhé lingsn 62 and5gswldters tiels slantddot thelfistiand steonded by 58
and 59. Pqr g%ﬁ(zf the top surface 10 of 60 are electrically coupled to the
bottom si es of"the lines, 62. [0107] The second device layer in Figure 6
conpr i ses [@108] saifhe third idzoert layer fin ﬁguxaﬁrcaynpassahmice{lilinsmd@mi\'mg coraipeting ohavi ng

conduct | ng. o BB SIRSUEINALLARES0 i ARTR! Ll £y RE op Q0 dlRpgL O S

pr ogr amalmaeeriti, bmnpﬁﬁe,d Bynel, Aaviveed dhffe:aht »l/¢rlaﬁxrﬁﬁasxamamﬁmmm frniggaoodarct i ng or

S em ¢ %Igd U%Eoldg gan!i Enrgl?]gtors%awrr@la Idfe e%tcrllctz: s?aGni elxgm féﬁ %g %9, an electric field
programmable film, 68, and a horizontal line array comprising conducting or semiconducting
lines, exemplified by 70 and insulators having a dielectric constant, exemplified by 71. Portions
of the bottom surface of 68 are electrically coupled to the lines, 66 via the contact diodes formed
by 66 and 67. The third device layer in Figure 6 shares the electrodes exemplified by 66 with the

30  second device layer via 67. Portions of the top surface of 68 are electrically coupled to the

bottom sides of the lines, 70.
(0109] ' Figure 7 provides, in cutaway, contiguous, 7(a), and exploded, 7(b), views of a
portion of a data storage memory device in which the memory elements are isolated by junction
diodes. A p—iype semiconductor, 72, is used as the substrate, with a vertical n+ bit line array,

35 exemplified by 73, a plurality of p+ zones doped within each bit line, exemplified by 74, a
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15 with a conducting or sem conducting material, exenplified by 65, having a
different work function than 66, thus form ng a contact diode, and

insul ators having a dielectric constant, exenplified by 69. Portions of the
bottom surface of 64 are electrically coupled to the top surfaces of the
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film Thi sxiigindifferent work functions, the electrodes used on the electric field programmable films are
polycrystalline. Accordingly, the work function comprises an average of the crystalline forms in
25  contact with the electric field programmable film. By way of example, consider an electric field
programmable film in contact with an aluminum electrode on one side (¢ ~ 4.2 electron-volts
(eV)) and a nickel electrode on the other (® ~ 5.2 eV). If the forward bias is defined as
proceeding from the aluminum electrode to the nickel electrode, with the aluminum electrode
being the anode, the magnitude of the forward bias voltage required to initiate the “on” state will
30  be higher than the magnitude of the reverse bias voltage required to impose the “off” state.
Among the transition elements, Al, Cr, Fe, Re, Ru, Ta, Ti, V, W and Zr all exhibit work
functions less than 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.
[0113] Still another way to impose asymmetry on devices comprising field programmable

35 films is to introduce contact diodes using organic conductors and semiconductors. Such diodes
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acconplished by allow ng the netal of the eI ectrode to form a nat| ve oxide
inair or, nore actively, by oxidizing the netal electrode in ozone. In
this way, the two el ectrode surfaces are 15 electrically coupled to the
electric field programmable filmin different ways; one is electrically
coupl ed via capacitive coupling while the other is in direct contact. The
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Al um num Ig?l %g?r’e %éoﬁlg i hgy Pﬁlﬁg%n ng a bg)lvmi gﬂrrgsi/ﬂ\glr Vlaﬁtﬁr?% ﬁg%eqeﬁgg{ ?%de such
as copper cerditgm, pyldimy at aAUEtteax)xolti goltagpd el the c¢lhie detepuisd whetkdrdids 6dn”tohe
electric fjgl I her. r o otely(s [WTeolaly :
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" 25  has been found that the cell can be turned “off” by pulsing at a sufﬁc1ently posmve voltage

above a second positive voltage threshold, thus avoiding the need for a negative pulse.
[0116] In a different application, the field programmable film described herein can be used
as a medium for mass data storage. In one embodiment, the field programmable film has a
thickness of 5 to 500 nm. In one embodiment the field programmable film has a thickness of 10
30  to 200 nm. In yet another embodiment, the field programmable film has a thickness of 10 and
100 nm. The film is disposed on a conducting or semiconducting substrate. Examples of
semiconducting substrates are doped silicon wafers, silicon carbide, silicon germanium, silicon
on silicon germanium, gallium arsenide, indium gallium arsenide, gallium nitride, gallium
phosphide, géllium antimonide, indium arsenide, indium nitride, indium phosphide, cadmium

35  sulfide, cadmium selenide, cadmium telluride, zinc oxide, zinc sulfide, zinc selenide, zinc
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doped pol ypyrrol e, polythiophene, and polyphenylene V|nylene I'n addition,
one can use indiumtin-oxide (ITO to introduce an asymetry in the "on"
and "off' voltages in like manner to the above exanples. [01141 Still

anot her way to introduce an asymmetry in the "on" and "off" voltages is to
place 15 the device in contact with a sem conductor diode of the kind shown

i n Fi gur eteifurid¥bad®0@HdBQEad MR¥ide Qlirsifhm bRedille alufinundiitide OfiéminkAIpha@aRle] s t 0
pl ace the device in electrical contact with a field effect isolation

t ransi st ofUminHmantimeniges berop aittidsg berpr phasphide. gerEmapiugy, o 39 SEPEPRAIBIPE filmis

el ect ri cajlyrif QitRla®dnd LipttREreSRWHaL0.05 ¥ By £Hodd 205 OF whll@eldhpis bBERbuGivE her via
a metal "plug" electrode or directly, such that the device can only be

pr obed orsuﬁw@gqsamémlmmt@m@ng@v@mm chrpmiypenanganEse, deRdicbalbAickdl115] In a
menor yg or he menor
Ys ogﬁérazn% 91?(?)gﬁlgggg)ymnp the'hﬁﬁrﬂgﬁb%m al‘ﬁfd ﬁvoﬁ y

cell can acconp pu |ng cel ove t 'd voltage to
pl ace it ¢admiumg hifpivin, tantahan ttungsten,pldrgimgpsatumg lrsdjtbnxmat@smogaid weicuggn,t o read

surt o entTySTUGaRIGE PEMG comyliat Pt tobs oW RAGREi on Tt 25 hae
been foun@iifat Inlvae ebddiraan, theddtasioagk i$ adhicvedyy mppl Hhggh aittemau@,tfuhbmi ently

Phe need V. ditRspem Bk DE Vit A8 eeieal G P Fulhe e el 11 ol o

pr ogr agnafhineintd théedi@stive besh fRE. ETHE fritichigighaBdl usuaBy aadireduwnofzbbmrms»s dat a
storage. In one enbodinent, the field programmable filmhas a thickness of
5 to 500 H§REa5ondusHnglimauh avthat usebinscaonipe probg micrascePy ¥ ap ACrigmalds yickness

of 10 30 {he A209:nAN atdut ¥SKHRROLHMET 100MIAE ISBMY abdud @0 kit lrhbBaavaRM R e film
has a thickness of 10 and 100 nm The filmis disposed on a conducting or
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zi nc oxide e, zinc uri | 'ead sulflde
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nm. In this way, the field programmable film can be programmed in configurations where at
25 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 forth
in patent application W0O02/077986.
{0118] Memory devices such as those detailed above may be used in a variety of
applications, including any application where conventional memory devices are employed. In
30  one embodiment, the non-volatile polymer memory is integrated with conventional volatile
memory such as SRAM, DRAM or other volatile memory. This may be done in a variety of
ways, including packaging one or more conventional memory devices with one or more memory
devices that contain the electric field programmable film. Alternatively a memory device
containing the electric field programmable film may be integrated on a single chip with one or

35 more types of conventional memory devices. For example, cell phones, or the like, use volatile
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(AC), direct current (DC), or DC biased AC el ectrical signal of sufficient
anplitude to drive the 10 filminto the conductive or on state. The
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are errg ﬁl In 30 one enbodi nent, the non-volatile pol menory is

i nt egd RAN hARhTSRMOPEMENt iy e dtsarasiomefsieptis diek! Rigergrm e b f)PW‘HeG‘PrYot her

vol atile a@fﬂaﬁxntolmbmemabﬁeﬂ&ry%neh@n@,%aﬁ lordvi@d peri@¥ens stbrBsd 31diaR pPackagi ng
one or nore conventional nenory devices with one or nore nenory devices

t hat cont @f@ymat. e| ectric field programmble film Aternatively a nenory
device  cALS NI Hnbhe: GoGHIchE ielinibr PR RBHEAIG ifd dBfBHbe | ntegrated on
a single chip one or nore types of conventional nenory devices. For
exanpl e, Bregllaﬂwhbhéém may be fraegratecwithilogicy athertthangvithGtheg R of mERAk] s

e ccv OOgE AR e PETRIO R gl 2 oo

chip andlegsl tiie a&mr)sdengb es uscﬂ ats a rﬂ'dnmryehmrytmtegrafed ©h d\epog)gclapm‘ﬁlhk maf' pllaw can be

used in ag rTFlc 10%( RLIp egrln(():r()a' on a c ocauon noe}C gevﬂﬁ'sal‘ achneva%l wi vegr| ona
applicati as’one e ric et 6 e ﬁe device chip

ina mult mh\bp’ tm&s}«ag@ampleambaduee hethé Mla)r higﬁérdemmb@ermabige cmprrﬂmrsod evi ce
integrated onto a conventional d e.thg. DRAt I\Q} lSRAI\/#. cmop . The el eqtr 'th field
pr ogr anmraBIcEases pgmory size as compared witlrconventional memoties. Locating memory directly on
’ 25  the chip improves the memory access speed, since pin/wiring latencies are avoided, and lowers
cost by reducing chip count and packaging cost. The memory device containing the electric field
programmable film may be used as on-chip cache to increase cache size while keeping silicon
area down, and simultaneously bringing non-volatility to the cache. Exemplary applications of
such uses of integration of memory devices containing the electric field programmable film with
30 logic would be as memory arrays, buffers, latches, and registers in SOC and CPU applications,
or the like.
[0120] The integration of logic with a memory device containing the electric field
programmable film provides a technique to integrate a controller, interface, or memory-

supporting functions onto a memory chip, reducing latency and/or cost. Exemplary logic

35  functions that may be integrated on the memory device include hypertransport protocol logic or a
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menory devi cemay be used as non-volatile nmenory, backing store, or shadow
RAM In alternate enbodi nents, the nenory device containing the electric
field programmable filmmy be integrated or packaged with PROM EPROM or

ot her substantially read-only nenory. In 10 these enbodi nents, the nenory
device containing the electric field programmable filmserves as the

modi f i ableemap cértrodjer ecg: fanadight fednmmanpmyméry dalisecabhe dogtrelizady awrossbarcapabl e.
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P RABRIA et e oo e e LA a st A R oo o0 o

a conventfirgivake AT divesd RIR USBCThEHb trived; RéEMdHy dan RRWIANSE Mokep Wgadactds st at e
information. [0119] In angther enbodi nent, the rne*rmr%/\?f devi ce containing the
el ectric ¥ fasptioplaskisulttirie page iamgyatlelcr hireglalipeieobistds PPEET & sieher t han
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may al | owoy3Abr i Kahbd de s BRI Ak Aechili i1 AbrokmAEbIE R gyiously

achi evabY\[e Wlﬂth conv@nf?oerial mma%ory tcypes,(ﬁ%rg%r exarrlp?lzme eagged at the M
or hi Yherintegradsvithloupporting lopgeiccuahi the ldgic @l $ayel asncllaasdsghrelenely. Suche as
conmpared wi.th convent.ional nori.es. . Locat i nmory di.rectl n.25 the chip
Cproves SHBeRERBHOUISdeo BN E e BT WSk PRIt ST s St R0 ol dea
and | ower the log@xSinitly/coneoliedion defitlad py theunte cditd rpamedeadevig. Sast devidaeinoldor y

devi ce cont ai nin he el ectric fLeld ro nmabl e fi e used as

on chi p. cHERBMTGHe Iobaegs Phaiar i Brorat faa gy urP BTt otFed down. and
si mul t aneesbry dovitd\@ntghinpfie sediad fidld piogiamniddR: MAGHS. sefvs QNPAredtya cdpeht cat i ons
of such uses ( integration of menory devices containing the electric field
progr HldeessaplemEMARIMO | ogi ¢ woul d be as nenory arrays, buffers, |atches,
and regi o2y i NEDE¥AiBEs SHthé MERbry @aditddhiainify thd blectli¢ K&d plodfedfhabldWm
integration of logic with a nepory. device containing the electric field

pr ogr anmaBeebE ‘i‘SF‘i‘ﬁ"p‘PERPi”o“e‘%‘d%lV%‘@éWHfidﬂ@é‘rt‘cé“rant]g’@ F‘&E‘é"hd“d'éﬁ‘ﬁ"i‘%ﬂlallsérb? upsdt er f ace,
or IMeNDI Y idpRARAL 4tHS, cfi%)[ﬁti@ It AHpPoctss MRARINYct&rBd. BSuch 8&ll ShRelrdsah@idey and/ or
cost. Exenplary logic 35 functions that may be integrated on the nenory

devi ce i nBPelers. biyp &neeentsigpest andyingigrrdo|flopténgi Roinbrcharactars chagaeisr yiriggint r ol | er e. g.
for a)i gé'bn%ﬁii&%@?&g,ﬂﬁ?&q{f rithftives); &aRACHENERNEBLs! BhtriOls: ébj&rt%ﬁéﬁéf swi tch
e.g. for a high perfofrimance cache; ‘i nterfaces such as a nétwork or bus

i nt er f acedescrgptors gich apgubiypr kndsdesivedjepapipeat baseddescriorsimrdarédioblss, limid lists,
control | e es?fl%ag?mdes[aéfts; 'n\éll[y%ﬁﬁ) hfgﬁér%ﬁe%ﬁetreeg hiksh t;bCft(g:f ﬁ@WﬁGaQE s%@er 8o

menory; 1 ntegra d contro S Su as an I ntegrate contro and
their keys; graphs, or the like.

{0123] The memory device containing the electric field programmable film may also be

25 utilized in complex machines and serve as a storage element, part of a processor, or both. One
application of the polymer memory is within a Turing machine or Universal Turing Machine.
The polymer memory may be included in a state machine such as a finite state machine, Moore
machine, Mealy machine, Rabin or Buchi automaton, or tree automaton. The polymer memory
may be included in a neural network such as a single or multilevel perceptron machine, recurrent

30 network, Hopfield network, Boltzmann machine, Kohonen Map, or Kak network. The polymer
memory may be included in a von Neumann architecture machine (shared data and code) or a
Harvard architecture machine (separate data and code). This would be seen to include
architectures of parallel computers actually implemented as clusters of von Neumann elements.
The memory.device may also be included in the implementation of parallel, non-sequential, non-

35  deterministic, or dataflow-based processing computer architectures.
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Turing_Machi.ne. .The polyner nmenory nay be included in tate chi ne such
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aut omat on filif mal bEE bewlhRITRE Biked oM the PRGN aH® IR Procd¥ENg Mehiteb@ld) defadhined
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net wor k.  THRnRA] #EectufBiERhie "RYndeRiné RG) HEIE 6inklD imdury@n, YOHARO B madHifeCt Ur e
machi ne (shared data and code) or a Harvard architecture machi ne (separate

data and EWHEY 2 PPRESONR MCEPODIPABE Of & VIHEICUYERY RAPEHICT o maehive BRY frat al | el
Conmputygr s nﬁmm@ihhmc}iém nRATRM Bh ,asfchﬁ.!e,tgsuaﬁ&ssa Rhaf¥b NIRRT hen-  The

menory device may also be included in the inplenentation of parallel,
non- sequedetE@inistopodssogef araghing mpy be a ppltightinfiiugienpsinglel diia medurs ng conput er

3[ :3 Ih: tz gc talll'ﬁcg:ﬁ%?rs Fosukf) kodindd ¥ ru!s@ﬁ%w@nfbir{aY)Fl%gre@nta?i?m% | PGisdGVi ces may
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as qubits, or the like.

25 [0127] The memory device may be utilized in a system comprising a hybrid of one or more
of the above types, for example a hyperthreading or instruction-level-parallel (ILP) von
Neumann architecture which combines aspects of the dataflow processor with the von Neumann
architecture, or an implementation of a MIMD machine using multiple von Neumann machines.
Such combinations of machines may operate sequentially, in parallel, or as a composite.

30 [0128] The memory device may also be used in less complex components such as counters,
buffers, registers, or the like. The memory device may be used in consumer products such as cell
phones, personal digital assistants (PDAs), set top boxes, or the like. Further, the memory device
may Be used in complex computer systems such as multi-processor servers.

[0129] The electric field programmable film has numerous advantages over other films in

35  which the electron donors and/or the electron acceptors and/or the donor-acceptor complexes are
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device may be used in conplex conmputer systens such as nultl-processor
servers. E&k3pdiekhe el ectric field programmable filmhas nunmerous advantages
over other films in 35 which the el ectron donors and/or the el ectron
accept or sExmaplod t he donor-acceptor conpl exes are 37

[0132] This example demonstrates the synthesis of gold nanoparticles used as electron

25  donors. Gold nanoparticles were synthesized at room temperature using a two-phase arrested
growth method detailed by M. J. Hostetler, et. al., Langmuir, 14 (1998) 17. In a typical
synthesis, an aqueous solution containing 0.794 grams (g) (2 millimole (mmol)) of
tetrachloroauric acid (HAuCl,-3H,0), in 50 miliiliters (ml) of water was added to an 80 ml
toluene solution containing 3.0g (5.5 mmol) of tetraoctylammonium bromide. The mixture was

30  stirred vigorously for 1 hour. To the separated toluene solution was added 0.81 g (4 mmol) of
dodecane thiol (DSH). The resulting mixture was stirred for 10 minutes at room temperature. A
50 ml aqueous solution of sodium tetrahydridoborate (NaBH,) (20 mmol) was then added to the
mixture over a 10 second period with vigorous stirring and the resulting mixture was further
stirred for 1 Hour at room temperature. The dark colored toluene phase was collected, washed

35  with water using a separatory funnel and reduced in volume by approximately 90% under
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- not bonded to the polyner. For exanple, volatile electroactive noieties
will not remain in the filmduring baking. This makes it difficult to
control the conposition of the field programmable film particularly at

t hi cknesses bel ow 500 nm For acceptor materials such as 8 hydroxyqui noli ne,
pent af | uoroani | i ne, dinmethyl anthracene and the |ike, as thicknesses
approach viusino Onceltfdtohrene bditentverpelinceduthe gold haopgtickehware poRPitated beesi r abl e

to avoid vi.rtually conpl.et | 0oss. of the acceptor terial,. In addition, the
bake ¢ e b0 R P fland 85 AREROME S cBRRE e pi@nd L0l (o
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si gni f 5Ccantroyheteds (BAY inl Hek &reistE e mehéhraliedyaew anglox seicawdagct or devi ces.
[0130] The electric field programmable film when crosslinked, is thermally
and dinensionally stable at el evated tenperatures of 120 to 250C. In

anot her empadgenis the electric field programmable filmis thermally and
di mensional |y stable at el evated tenperatures of 150 to 200C. Further,
subsequen thlégb c e Hiffenent sizedranppagfifleserere eptaingdbiyvatyinedbs ieawsrapzgoftseduciorcar r i ed
out wi thout . i i€ i > I -ygde sol vent
based  phariiany e of Rablir kbl ARRRLE g DRt ShED bR
evaporlét i overe dslvbsined bp vanogitteradditiomamt ofthe MeBHasulg@in op dieingtharmaio of S H
appl i cati Qn.,Qf ther field progra | i and the like. [0131] Sone
enbodi nen?%Hg‘flcgﬁgz(?'ni\i/%sﬁbsi o R %‘Zﬁ%\lf\} agFec?Iabse(h:Oer'bed in detail in the
followng Exanples. In the forrulation exanples all weight percents are
based on the total weight of the 20 electric field programmuable film
conposi tion unl ess ot herw se expressed. EXAMPLES Exanple 1 [0132] This
exanpl e denonstrates the synthesis of gold nanoparticles used as electron 25
donors. Gol d nanoparticles were synthesized at roomtenperature using a

t wo- phase arrested growh nmethod detailed by M J. Hostetler, et. al.,
Langmuir, 14 (1998) 17. In a typical synthesis, an aqueous sol ution
containing 0.794 grans (g) (2 mllinole (nmol)) of tetrachloroauric acid
(HAuC14 3H20, in 50 mlliliters (mM) of water was added to an 80 mi

tol uene solution containing 3.0y (5.5 mmol) of tetraoctyl ammoni um br om de.
The m xture was 30 stirred vigorously for 1 hour. To the separated tol uene
solution was added 0.81 g (4 nmmol ) of dodecane thiol (DSH). The resulting
m xture was stirred for 10 mnutes at roomtenperature. A 50 m aqueous
solution of sodiumtetrahydridoborate (NaBH4) (20 mml) was then added to
the mxture over a 10 second period with vigorous stirring and the
resulting mxture was further stirred for 1 hour at roomtenperature. The
dark col ored tol uene phase was coll ected, washed 35 with water using a
separatory funnel and reduced in volunme by approxi mtely 90% under
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38 vacuum Once the toluene solutlon was reduced ‘the gold nanoparticl e
were precipitated by mxing wwth 20 to 40 n1II|I|ters of ethanol and
separated using a centrifuge. The product was then washed several tines
altematingly with ethanol and then with acetone and dried in vacuum
procedure yiel ded gold nanoparticles having a radius of gyration of
appr oxi maTaigr2 1. 37 5 nanoneters (nm in hexane solvent as neasured by | ow

angle x-r
of NaBH4

nmol ar rat
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Example 19

[0134] This example demonstrates the synthesis of 9-anthracenemethyl methacrylate. A two
liter, 3-necked round bottomed flask was equipped with a condenser, dropping addition funnel,
mechanical stirrer, and gas inlet tube. The flask was charged with 9-anthracenemethanol
(48.9grams, 0.235 mol) and purged with nitrogen for 10 minutes. Anhydrous tetrahydrofuran
(300 ml), pyridine (33 mL), and triethylamine (50 mL) were added to the flask, and the resulting
solution was cooled to 0°C. Methacryloyl chloride (technical grade, 37.5 ml, 40.1grams, 0.345
mol) was added using a syringe into the addition funnel, and added slowly dropwise to the
vigorously stirring solution over the course of 1 hour. A brownish precipitate formed and
aggregated into a guammy mass, which periodically interfered with stirring. The reaction was
kept at a temperature of 0°C for 2 hours and was then allowed to gradually warm up to room
temperature overnight. The reaction was quenched with water (400 ml). Ethyl ether (300 ml)
was added to the flask, and the phases were separated in a two liter separatory funnel. The
organic phase was washed successively with 20% aqueous hydrochloric (HCI) (400 ml),
saturated aqueous sodium bicarbonate (NaHCO3) (800 ml), and saturated aqueous sodium

chloride (NaCl) (400 ml). The organic phase was dried over sodium sulfate (Na;SOy), filtered,
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[ 01341 Thi s exanpl e denonstrates the synthesis of 9-anthracenenethyl

net hacrylate. Atwo 5 liter, 3-necked round bottoned flask was equi pped
wi th a condenser, dropping addition funnel, mechanical stirrer, and gas
inlet tube. The flask was charged wi th 9-ant hracenenet hanol (48.9grans,
0.235 nol) and purged with nitrogen for 10 m nutes. Anhydrous

t et r ahydraofl thesnlvert 3@ ramoved impatugi. ldie (@alting yrudepraduct was tgprysiplliped inB@o nl.) were
added to | ting solution was cooled to OC

Met hacryl%;t} LLﬁ% egﬁﬂﬁt(ygﬁrflpg ntl?ade 37.5 m, 40.1grans, 0.345 10 nol)
was added using a syringe into the addi tion funnel, and added slowy

dr opwi se ¢9o &)pez vigorously stirring solution over the course of 1 hour. A
br owni sh pre |p|tate formed and aggregated into a gunmy nass, which

peri odi cal0l35]i ntBrif examplewembnsshies the ngnthebiief qmm:im-&ml mahacr)}matAaypuaﬂ
terrperature of. OC for ,2 hours ﬁnd was t hen al | owed h g%%duall warmup to
room tenPBPEILYE CBV*@?HF‘QH?S”“F émF‘é'}f{:{O%ﬁm%éé FERCAB S RY TRy oA 0é‘:“e(4oo m).

Et hyl et h@a.1(gaR, 0I5 dél) wasusad dgflace@f baRthfdcarkethamd. t he phases were
separated in a two liter separatory funnel. The organic phase was washed

successively with 20% aqueous hydrochloric (HCl) (400 ml), saturated
aqueous sgg,ir%[gjqi carbonate (NaHCO3) (800 ml), and saturated aqueous sodi um
chl ori de 400 m ). The organi c phase was dried over sodiumsulfate
( Na2Sth) | [0136]t er Bus examplgrlamprsarates the synthesis of P-anidiasenemgthybmetbacrsitie/2r esul ti ng

d | 400
o2 AR ARl pRR, Lrbot), SR TR Rk U
q_w _noI i n- @nyénserand aasriglptute and ptsged with nitogert foe sy winntes. Eb@rﬂaﬂed/ammem n a
sim | ar ne{i wTitRI F(pfl € Qs?ed‘?%?ag.%mf hglt(’[% gég{n XXC% lmefha((rﬁét 1 grans,

0.235 nol J s use ceof Hiracen ano ‘10 [ 0136]
This ex anmrér}damn@tgrmSe% )2 m&yznﬁhdgﬂ&xwthyﬂmmabuylme(mmmmB ml, 10.0

met ha yl at e/ hydr hyl. nmet hacr 3- necked
oundibot BorrEadgar bt viaedl f bRVl yle B upo- and
p]lc,lrged Wi (cgmmefcidﬂgaﬁhllﬁﬂ?lé frﬁﬁlmﬂHMﬁQ§VAZUEBﬁ\S (oeskgraas 2I3Bannolp'hw %le)d’w\)\[iahhl 120 ;ﬂ
0] egass tetra of ura THE) , ant hracene ate ANTMA
(10 0 gr afhe sorSignoramitsd At Wrlk 24iriin g1 AberagEylact VRN nRets 1 10 0
15 grans, (07@ gBan8YB 6} mmbo, 443 % WTW)(WWﬁd&@SncBﬁéiﬁﬂxnlrdwas aembusfommeemxane

carbonltr (comrercially ilable from Du nt as VAZO 88) (0.57 grans,
2.33 mol ! %2 @e%wwwasmﬂ coplpdtogpa tareaaiie a’H’e‘gf EHFsplufir Wwouvsf*f'&? 24

hour s 20 ansaddi flaQBne/BRYIL RN seHiti oA Rlahehgl 20ivoiugtePercedtQf B ag€ Mdhyl dthédo oI,
4.45 % ww) was added, and the m xture was refluxed for another 24 hours.

The react PEFiPiethe peliimero dihe selidpol wrsmee pellertsd by sickprfiliadonmang dsed iroirene was

pour ed i n{0,id® 199 (J8%)QE a@lu{f}?mngg&;dhyl et her sol ution containing 20 vol une
percent of "hexane”in et hyl her to

Example 22

25 {0137]  This example demonstrates the synthesis of quinolin-8-yl methacrylate/2-
hydroxyethyl methacrylate copolymer. This synthesis is carried out in a manner similar to that
of Example 21 except that quinolin-8-yl methacrylate (7.71 grams, 36.2 mmol) is added in place

of 9-anthracenemethyl methacrylate.

30 Example 23
[0138]  This example demonstrates the synthesis of 9-anthracenemethyl methacrylate/2-
hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer. In this synthesis
a 500 ml, rouﬁd bottomed sidearm flask (the “reactant reservoir’”) was charged with propylene
glycol methyi ether acetate (PGMEA) (117.5 grams), 9-anthracenemethyl methacrylate (46.0
35 grams, 166 mmol), 2-hydrox yethyl methacrylate (6.82 grams, 52.4 mmol), 3-
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precipitate the polymer. The solid poI ynmer was coI I ect ed by suction
filtration and dried in vacua to yield 19.5 g (98% as a fluffy white
solid. Exanple 22 25 [0137] This exanple denonstrates the synthesis of

qui nol i n-8-yl nethacryl ate/ 2- hydroxyet hyl nethacrylate copolymer. This
synthesis is carried out in a manner simlar to that of Exanple 21 except
t hat qui nQlimethExyyil ylypespybmegihaylate (2.7 drags, 898, m@6l) 2andeamhy) perdx pipisigiake (N5 pl ace

of 9-anthrace t hyl t hacryl ate. .30 anpl e 23 [Q138] This exanple
Genonet r abags RS ey T BACh AR bR 3R R <o (AR AR e oo et 16

hydr oxyet h‘ryéledfiﬁhllaﬂgky)hﬁ&lﬁﬁ%uﬁlb fialEsdTRd Yisrbhghl thdepayt capEANaIREY Bate Lk pol ymer .
In this synt hesi s round bottonmed sjdearmflask (the "reactant
reser voi r Wjth feflom Yeg(é’tﬂ‘ \vﬁaftwnaﬁﬁfﬁk/ BREauppswith aBating mé’f"if‘ei’ rheedttat e ( PGVEA)

(117. 55 9r aiRdc), aFrRAfiE 2ER0EREL DhbcHAREAGHH! @&@séﬂ@a@atﬁémgrﬁa& 166 mmol ),
2- hydroxyethyl nethacryl ate (6 82 grans, 52.4 nmol ),

(tri met hollyampsauplsicapsertetia anaporgr gepisolieppang agiteapsn ingg. thw%kyaamrgedanw
per oxy pi mmbmw 295 o R tﬁeqte@.gémigle)wa&m rzllt,aﬁgswsantjl [15@&1 i th a rubber

septum cap.. An out et conne an electronically controlled punp
was i nser tquilitirate. oﬂgrabpwades@wpm mogeper-iditidtor ofution was fed dtonf the sdactairgshrvbimt t om

val ve (0 fERSHIANHERTE eakillRSHLPRETLANLD, A BSAIAGAARAL] & 2 rheostat

5 (variac condenser rrer cl ai sen head, a
t her mdD pelemnicalihenmmokiaiyping (emiaciretby Scibop) gowesustyaatibraled éir floanake a

ni trogen Nl 275 grans nd the

t enper at uP"éL&Ey%ﬂéﬂd‘rtﬁ?@éﬁrgac@g@%‘ﬁtdm%?{%ﬁé%@"'g‘&ﬁdf’ (ihbervg% lglp(’f'he above
descri bed complagarof thaiféddathe FeastitnUias Ofirratics te@€n por Milke 85 CefacItafinutes €T VOI I
into the r tion vessel a reactant feed rate of appr xi ely 1.69
m/mn usi ﬁ‘&géfﬁ‘efﬁg"éfeéétaFBLP"é%yl%’Vf’i"é‘h POFBY zgér?ﬁ“?lhﬁﬁkﬁcﬁ\é %%g%Wsm Log),
previ ousl was M6 ale@ehcliod athalr@¥of Mot 1. M thifm dVEAhe aé,gcanea BahylgetRy plvala@act ant
feed time of about 120 mnutes is achieved. Upon onpletion of the fe

ed,
the rddct PehPOMEASY3sedl a5 p chanpanddhisd ingp thedeas orﬁs@ﬂavuteso Aﬂeﬁﬁﬁé@dmatof whi ch
time dega%eféggsseamnypﬁ% &eyyp,ma{@mtp@wmage&mam%ﬁe readlitR Was eEaREMEA (25

grans) was fed into't reaction at a rate of about 1.14 m/m nute. The
degassed tempsigturged &x§. for aeadditiana foynderreaoied toEpo Tt le@perptuEpng tiansiesed ahe | s
fed into thepleathipér. for 30 mnutes. After the feeding of the degassed
t-amyl peroxy pivalate and PGQVEA was conpl ete, the reaction was stirred at
the tenperature of 85C, for an additional hour, then cooled to room
t enpergt ugg. andosransferred to a suitable container. 20 Exanple 24 [0139]
Thi s exanp & S undertaken to synthesize quinolin-8-yl nethacryl ate/2-
[0139] This example was undertaken to synthesize quinolin-8-yl methacrylate/2-

hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer. A typical

synthesis was carried out in a manner similar to that of Example 23 except that quinolin-8-yl

methacrylate (35.4 grams, 166 mmol) was added in place of 9-anthracenemethyl methacrylate
25  and the reactant feed rate was about 1.60 ml/min such that the total time of addition was 120

minutes.

Example 25

[0140]  The formulation for this example was prepared by reacting the 9-anthracenemethyl
30  methacrylate/2-hydroxyethyl methacrylate copolymer obtained from Example 21 (0.3 grams)

with the gold nanoparticles from Example 1 (0.075 grams) and a 50/50 w/w blend of

methoxybenzene and 2-heptanone (14.63 grams). The formulation was agitated overnight on a

laboratory roller to dissolve the componenfs, sonicated in an ultrasonic bath for 10 minutes and

filtered throu'gh a 0.2 micrometer membrane filter. A test memory cell was fabricated by spin

35  coating the formulation on a silicon wafer having a diameter of 100 millimeters. The silicon
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hydr oxyet hyl nethacryl ate/ 3-(trinmethoxysilyl)propyl nmethacrylate terpolyner.
A typical synthesis was carried out in a manner simlar to that of Exanple
23 except that quinolin-8-yl nethacrylate (35.4 granms, 166 nmol) was added
in place of 9-anthracenenethyl nethacrylate 25 and the reactant feed rate
was about 1.60 ml/mn such that the total tine of addition was 120 m nutes.
Exanpl e 2%f¢ronas@]p-typrewdfer havingairesstivisy oft abput 0008 hist abowds] ehme-par déie Bilicaneact i ng
the ©- antHACERGE hagn W@t 95@% {68 Ml ARG

copol ynmer o tal (r?%ﬁbg : n%n:é%é)%%te%l (0.3 %?egms %‘\n lﬂ nﬁ %ﬁﬁgﬂ%%&rtl cles
f r om Exambbet 20 t¢ abo@y B)0gmante aaprdgfathsmdss)wwlabomﬁ@nm %lummh@tglﬁ@h@é@é and

2- hept ang I . OR AR ver a
Iaboratorrggr"(()%%mgt% ?Eg‘}t 4Fm] ﬁ@E%LS%éﬁ%n? g%ﬁﬁ‘:g{ ﬁgalgl o tér}& &%rg@om C
bath fsor thdugh nsitadew afsk atfaiprdsaredf abbutdoélno :’axﬂ)O?tom choeetwitaggenbr ane filter.
A test nenory cell was fabrjcate coatin f.or mul t|on on a
G | oon viRar RS e mean LR S iss O 1A Fromeler whBRRPLHAR 45 vt e
was a p-teppAgued fra didundigmenal Sl (Bd Alvininimeiec@bRWon Qg P&lab atvbrRiR@dikctfbdd. ohm cm

The silicon wafer was then baked on a hotplate at 110C for 60 seconds to
gi ve a fiThhRERimgsuenet drhedgolyd usingdgbVisy spiiwap digitaldostimenty ferpalBitage

thi Cknesswﬂﬁﬁltlﬂlwg rafmito A‘e@ﬂr@ﬂ@(ﬁ@ﬁ&ab@flt EPQUfrof a7.0 VB 6.6 vdindfeker and
about 45 nm of thi c%mess wer e t hen evapor at ed thermal [y on top of the film

5 thr Ubg H0-@ tosHaBwT hesitags raagepwwhqwaéjueﬁcd tryad oyerdgving Ug cxll dgig thor n.
Current - ﬁi@ggncﬁ&?%t%tvg{tég%ts{w %"‘"Fﬁ@cu@% ?H{tﬁgo t'a{%gve?e %%Iaﬁ& RYs RRtd A

el ectrorre er wt e silicon fer ~con |gure as a ound termnal and the
al um num ejuelad plooie l(tnmlbargpnr@dna‘,swmlmplkal Yy reaksds theoxnestate Wére geeater then or

measur enment vas cgﬂtro ed ui ]9 LabVi ew software (Digital Instrunents
Corp.) th&talGaRoul || mieragmigeres %§ amed to sweep fromO0.0 V to about 7.0 V,
froma 7.0 Vto 0.0 Vand from10 0.0 to -7.0 V. The voltage range was then
adjusted to avoid overdriving the cell during the positive and negative
voltab% sg\baé‘ﬁ’éezérhe currents in the off state were generally |l ess than or

equal to @peYt 1Phd BRAMALIRA L this dxAhphd ;Lr@pa}aamyc‘cah]bﬁ.mgrtﬁm “gnthfacdnBRe@p State
were greater than or equal to about 1 mcroa eres % g 15 Exanpl e 26
P

[ 0141] Th’é‘e‘lhéfrf}’ﬂﬂ‘le/&tflyéf?xéi‘fm)tl medhagrylatffogolymerfrom, m&vlb m)ﬁgthw@

9-ant hr ac%%gﬁﬁélé@ frorﬁrﬁii?ﬁpﬁé Yl (ﬁi(ﬁ/ gfanhy, qr?%ﬁ’?étﬁl(n's(n@io‘i%é%&lﬂe%aﬁﬂ@' ynmer from
Exanpl e 21 igr ans) with gol nanoparticles from Ex 101

grams), 1ing¢ %FOBL @EW'&R@%‘( WWRMH@MS{%@U&WHH@UC acid Solutlon (1% W/w p-
i mda 4 d
36[ mﬁleqmavalfg@zcg& ﬁﬂﬁmﬁ llﬁs@ﬁxn“?@%fg{e&m&mﬂ&n% Qh's! ﬂ;@%ﬂo&%@ gci

solution (1% t ol uenesu titon in 50 end of
met hoxy b e anden®/ vl wbléramf sethozybedzene andP-heptandnex(1 6.0 /£Ems\ Thetformdativh is

met hoxybe%&lﬂ:ﬁ o@&giggf&eaqgll%?ﬁggl rSl?e@ toldi%{)f%gﬁ')e'co;gggnet'lgf JEH&%%& Rlnanl uftrasonic

bath for 10 minutes and filtered through a 0.2 micrometer membrane filter. A test memory cell
using the formulation of this example is fabricated and tested as in Example 25 except that the

25  polymer-based film is baked a second time on a hotplate at 200° C for 60 seconds.

Example 27
[0142] The formulation for this example is prepared by combining the quinolin-8-yl
methacrylate/2-hydroxyethyl methacrylate copolymer from Example 22 (0.3 grams) with gold
30 nanoparticles from Example 1 (0.075 grams) and a blend of methoxybenzene and 2-heptanone
(14.63 grams). The methoxybenzene and 2-heptanone are mixed in a ratio of 1:1. The
formulation is agitated overnight on a laboratory roller to dissolve the components, sonicated in
an ultrasonic bath for 10 minutes and ﬁltereﬂ through a 0.2 micrometer membrane filter. A test
memory cell ﬁsing the formulation of this example is fabricated and tested in a manner similar to

35  that in Example 25.
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agitated overnight on a laboratory roller to dissolve the conponents,
sonicated in an ultrasonic bath for 10 mnutes and filtered through a 0.2
m cronmeter nenbrane filter. A test nenory cell wusing the formulation of
this exanple is fabricated and tested as in Exanple 25 except that the 25
pol yner-based filmis baked a second tine on a hotplate at 200 C for 60
seconds. Exanple 27 [0142] The formulation for this exanple is prepared by
combi ni ngetahpledigi ol i n- 8-yl nethacrylate/Z hydr oxyet hyl net hacryl ate

copol ymer_ from Exanple 22 (0.3 grans) with gold 30 nanoparticles from
Exanpl e 10{@1075“t§rf@rwjatlaﬁaf @lswme&fpr%teﬁgxyb@wﬁ@a@eaﬂwoznﬁ@ﬂt anone (14.63
grams) . THenIPHA0 ’23{1 1%%@9&%&&?&% fﬂ,rn?eﬂr}ﬁ% 21(0.33rdnR) bt {)dl 1. The

formulation I s aglt over ni on a oratory roller "to dissolve the
corrporﬁent@nomﬁqséttoecﬁnamplﬂaln(odl()ﬂ Beesshil S, %tetrakldmemxymmhﬁtl)a@trdwdrw iltered

through g 042 ni CJ]{}’H”E&%E %'T?H%né‘@:mfl L& eé il A d)%ﬁzeys "ﬁ%rsé’luﬁ LA n'fl o to

forrrulatlono br iFca ifer &

35 t hat I(rﬂleEXIat'mﬂeEZﬂExsyld@ sexdomécenpiziSed B3 plrtiteotfeazyitds plhie dma vl rﬂilklﬂuﬁ-: exanpl e
i s prepared, by conmbi ni t he olin-8-yl _nethacryl ate/ oxyet hyl

ot hacr y1 S BoRFERA AR bRt Do e of GRLRapente g grthiassne (10,
nanopart i ghigs). Thefortxang i agita(ed. olcEHnggf @fﬁil)iborﬂtox?y réli1d dihsfoméltlﬁdm{pbﬁm;stret hyl')
t et rah(%/dro i m dazo[ 4, 5-d]j m dazol e- i.one 101 % p-ni trobenzyl

t osyl &0 e BIcaed manpbTasenic bath fas )0 m(ﬂt% aﬁd filtgredy éwgwo d§'9'l°§t°£$r BsMhtangn

conpris edmlerm%s@fne@oﬁl dell QRRHEY lforhﬂﬁmbxaéfqms Bxanple 15 FABrAtEd £ndQfsted in a
met hoxybenzene ag t Fhah%Sanone) and a 1:1 m xture of nethoxybenzene and
arty

2- hept anofannengm cribp in Example 76?5 prsADtjthat ipobmeebesod film isthekedre a

| abor at oryec(grgltjn%ronaql()ﬂ;]&@gtlmgobtp&@qg&g@sents 10 sonicated in an ultrasonic
bath for 10 mnutes and filtered through a 0.2 mcroneter nenbrane filter.

A test nmenory cell using the fornulation of this exanple is fabricated and
testegsingg, er simlar to that described in Exanple 25, except that the
pol yner - base iIlmis baked a second tine on a hotplate at 200 C for 60
seconds. [M344ix anﬁbedotzlgll{t@miﬁrxhi?rhearrim was patriated by gpmbiling texaphrecenersethylepar ed

by conbi n|

met hacryl at e ?Cgﬂ%‘f: E gﬁsﬁ% ﬂﬁ% }Fﬁoe[/)%/{m&]gtﬁ ﬁ’gﬁ @p%pél {Aét(rﬂ%% é%lt%ér}& {Fom Exanpl e

f23 in Ex sfrbrluﬂ’:ixc:amelwiZB m mmwmmcwm e (Blg crf(ﬂeubluom)) mﬁtgmlcgmhoh:a;tmlmm@rm cles
rom appl e 0X zene

and 2-hep 1§0qu Egn R’éw?lé trﬁ(ﬁlma }\O\é%be%g ﬁﬁgﬁ%ﬂ‘o%%égﬁgght on

a | abaoat Qﬂ‘ams)’ dhk ﬁmnhmldl wswdguaed bemiglompatebotasory solet walisselve thean ul t rasoni c

bath for 10 m nutes.an

At et meRUIER POV PHETPRRRIP GO BRI el § PR ed and
membrane filter. A test memory cell using the formulation of this example was fabricated and
tested as in Example 25, except that the polymer-based film was baked a second time on a
hotplate at 200°C for 60 seconds.

25
Examples 30-46
[0145] The formulation for each of these examples was prepared by combining 2.0 grams of
a solution of 9-anthracenemethyl methacrylate/2-hydrox yethyl methacrylate/3-
(trimethox ysilyl)propyl methacrylate terpolymer from Example 23 with gold nanoparticles (from
30 Examples 2 — 18) and a 1:1 mixture by weight of methoxybenzene and 2-heptanone in such a
way as to provide a roughly equal number of nanoparticles weighted by size as shown in the
Table 3. The solution of 9-anthracenemethyl methacrylate/2-hydroxyethyl methacrylate/3-
{(trimethoxysilyl)propyl methaérylate terpolymer comprised 15 wt% of 9-anthracenemethyl
methacrylate/2-hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer in
35 PGMEA.
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tested as in Exanple 25, except that the pol yner-based fil mwas baked a
second tine on a hotplate at 200C for 60 seconds. 25 Exanpl es 30-46 [0145]
The formul ation for each of these exanples was prepared by conbining 2.0
grams of a solution of 9-anthracenenethyl nethacryl ate/2-hydroxyet hyl

met hacryl ate/ 3- (trinmethoxysilyl)propyl nethacrylate terpolynmer from Exanpl e
23 with gold nanoparticles (from 30 Exanples 2 - 18) and a 1:1 m xture by

wei ght oftdprthoxybenzene and 2-heptanone in such a way as to provide a
roughly equal nunber of nanoparticles weighted by size as shown in th

Tabl e 3. Thg}‘%gll%tlc Nﬁn@aam%ra}cerl’eaﬁ@ﬁﬁﬂl rreNhr’zRParyirs!&te Solper Adslsdeehy |
nmet hacr yljat tri X¥%Sie! Y1) PEORY) hiac rygbidty rpol ymer conprifsed 15
wt %0 of 9-anthracene ﬁ%] ﬁr?eth brglét%?ﬁh vdroxgeﬁﬁv
nethacrylate/SO(trlTethoxyélIyI)propyllhethamryl@ﬂﬁﬁterpblyneﬂ26& 35 PGVEA
44 Tabl e (3—Na yppart IUD of Nan rt+ec TIL Acded |l e
Exanpl e (WTatlon (nml g t (g) BO 2??6 136?59 31 3 ¥¥§§ 0. 0636
10.18 32 4 1336 0.(0735 10452 33{5 1136 0 0750 (10758 34 6 116132 0. 0812
10. 79 337132 00677 -10-33 36181 35 007201047 379 1 95 0. 2@()2
14.87 38 10 #334 0]0706 19.42 39 1118734 0, 0708019 42 | 40 13038 16 0]2671
17.17 41 13 3444 0[0860 1§.95 42 14747139 0 0785 od3 68 |43 1554599 0]2120
15.28 44 16 2.73 0]5195 25.84 45 17 1.33 0. 0691 10, 37

35 7 1.32 0.0677 10.33

36 8 1.35 0.0720 10.47

37 9 1.95 0.2002 14.87

38 10 1.34 0.0706 10.42

39 i1 1.34 0.0706 10.42

40 12 2.16 0.2671 17.17

41 13 1.44 0.0860 10.95

42 14 1.39 0.0781 10.68

43 15 1.99 0.2120 15.28

44 16 2.73 0.5195 25.84

45 17 1.33 0.0691 10.37

46 18 1.31 0.0663 10.28

[0146] Each formulation was agitated overnight on a laboratory roller to dissolve the
5  components, sonicated in an ultrasonic bath for 10 minutes and filtered through a 0.2 micrometer
membrane filter. A test memory cell using the formulation of this example was fabricated and

tested as in Example 25 except that the polymer-based film was baked a second time on a
hotplate at 200°C for 60 seconds.

10 Example 47
[0147] 2.0 grams of the quinolin-8-yl methacrylate/2-hydroxyethyl methacrylate/3-
(trimethox ysilyl)propyl methacrylate terpolymer of Example 24 in a solution of PGMEA was
combined with gold nanoparticles from Example 1 (0.075 grams) and a 1:1 mixture by weight of
methoxybenzene and 2-heptanone (12.93 grams). The quinolin-8-yl methacrylate/2-

15  hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer comprised 15
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46 18 1.31 0.0663 10.28 [0146] Each fornul ation was agitated overnight on a
| aboratory roller to dissolve the 5 conponents, sonicated in an ultrasonic
bath for 10 mnutes and filtered through a 0.2 mcronmeter nenbrane filter.
A test nmenory cell using the formulation of this exanple was fabricated and

tested as in aml e 25 t. that the based, fil m was bak a
Second t1 MERoRE DiGran EEMEE. Do mstophiss IS R mBraes P03 2. 0
grams of HRIEURO@nipdndins/ bonidicddde il 8hsBhid biny dsra0yeihityd andetllaa ibtbadhed 32
(trimethoxysilyl)propyl msthacrél ate terpolynmer of Exanple 24 in a solution

of PGVEA WagomegipimRianadilicn @69* MEFRPTY et t‘ﬁ"&ﬂ ‘E%fOF‘?‘B]ﬁi“Ek%fﬁtb‘P %"af‘Pﬂ‘DW%WS gr ans)
and a 1: 1f:fﬁhl(§té{f;§1dl?ééte%k gmxa le mem?xmqn@ Finé@sed IRRIABARA alsdednd3
grans). The qui noli n- 8- ég( acryl ate/2 1 hydroxyet hyl

met hacPy! éltnéPBﬁ(ﬂ@tPlaF?eqtﬂ 93§P4§H5)efﬁ"6byl met hacryl ate terpol ymer conprised 15
45 wt % of the solution in PGVEA. The fornmul ation was agitated overni ght on a
| aboratory roller to dissolve the conponents, sonicated in an ultrasonic
bath for E@ampladd es and filtered through a 0.2 mnicronmeter nenbrane filter.
A test nmeppiy cebl for mul f ni.cated and
Cested as H¥E. el o Do it b ey oflt AR Rpiiined ERILEE,
second 5 hydrex)@myamémiopyla’e,@ (&tmcz’tl&ﬁ@ulybproﬁﬁ nsedicaonydise terpolyamsp bEExASpldOA34i8] 2. 0

et nadPy1 BOYEA bR RD A F s lant BERES PEPEISr opy!

net hacr yl adeghok feRithy Bi&rz aépuﬁzsﬂermh 93 gn?amsr\ Thleorﬂ%ﬁn vas agiﬁféb lo&flighd dnhh
ferrocenellé) 075 grans) and . a 1:1 m xture by wei ght of nethoxybenzene and

2- hept anofboaiosy werp dissqlve thp compongnit and; ffligreddbrougdy a Q2 B¥cromerPgRIransn a

| abor at or ¥kl A &5t nliéPnoG'y §e$1QJs)ﬁ@ tﬁéﬁr&ﬂﬂ%%ﬁﬂﬁ&xﬁ:ﬂﬁlef\da& EDFiefed AMAQUEA iRa 0. 2
m cronmeter nenbrane filter. A test nenory cell using the formnulation of

this exanmslaanerasniipiortha i BHRmpRZY @stns thaf fﬁe aolywarnl??é?d Iy aschakgdan sepend |
Exanpl;g 2%&%%%%@&% 2bire fepém%ndpaﬂ%donfduh@m@oﬁ) aﬁ}sndfoﬁth%%matﬂoﬁ “Iak me on

a hotpl ate at 200C for 60 seconds. The on-current (I1ON) current for this

f or mul at i @reatemthan gregualde abountd joh. equal to about 10 A, Exanple 49 [0149] 2.0
grans of a solution conprising 1Sw % of the 9-anthricenenet hyl

nmet hacryl ate/ 2- 20 hydroxyet hyl mnethacryl ate/ 3-(tri nmethoxysilyl)propyl

met hacryl eHxamplen@ol yrrer of Exanple 23 in PGQGVEA was conbined with

4,4 5, 5" -hj arret Ien .tetrathiaful val 137 qr

m xture oflmr@if ﬁ' 059%[5?@%%%&?3%9 (a@ eﬂ, ”@‘?tg r(ﬁd?tﬁllzl on was
?_g: t ataed h@meﬁyaﬁghmemﬁlcrﬂgde&b(@ixﬁétl@dxysirmb}o@yl mahair)aaelev;ﬁ)l)tdm of Bxgpderzd im and

Il tered tPWl\?llillg wagjl co?ﬁb%negl\a%trhoz{jﬁ%%r-bis(pentamethylene)tetrathiafulvalene (0.137 grams) and a

1:1 mixture of methoxybenzene and 2-heptanone (12.44 grams). The formulation was agitated
overnight on a laboratory roller to dissolve the components and filtered through a 0.2 micrometer
membrane filter. A test memory cell was fabricated by spin coating the formulation on a silicon
25  wafer having a diameter of 100 millimeters. The silicon wafer was a p-type wafer having a
resistivity of about 0.0001 to about 0.1 ohm-cm. The silicon wafer was then baked on a hotplate
at 110°C for 60 seconds to give a film having a thickness of about 20 to about 100 nm. The
average thickness was about 50 nm. Aluminum dots of about 0.5 mm in diameter and about 45
nm in thickness were then evaporated thermally on top of the film through a shadow mask at a
30  pressure of about 10°t0 5 x 10” torr. Current-voltage characteristics were measured using a
Keithley 6517A electrometer with the silicon wafer grounded and the aluminum electrode
configured as the working electrode. The entire measurement was controlled by LabView
software commercially available from Digital Instruments Corporation, and programmed initially

to sweep froxﬁ 0.0 Vtoabout 7.0 V, froma 7.0 V to 0.0 V and from 0.0 to —7.0 V. The voltage
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menbrane filter. Atest nmenory cell was fabricated by spin coating the
formulation on a silicon 25 wafer having a dianmeter of 100 mllinmeters. The
silicon wafer was a p-type wafer having a resistivity of about 0.0001 to
about 0.1 ohmcm The silicon wafer was then baked on a hotplate at 110C
for 60 seconds to give a filmhaving a thickness of about 20 to about 100
urn. The raageawagleentakijmdem&s&oxmfyeﬂlbmmg tie@eh during thinpasitive diod egativeabbage 0. 5 nm
in diameter and about 45 nmin thickness were then evaporated thermally on
top of th®®¥m through a shadow mask at a 30 pressure of about 10-6 to 5 X
10-5 torr. Current-voltage characteristics were neasured using a Keithley
6517A el egtrometer with the silicon wafer grounded and the al um num

el ectrode xaé‘mlfﬁ’ogured as the working el ectrode. The entire nmeasurenent was
controf| e@150] LabheMofuhlatfonfof WRY & amPRIVRE Bicphred bAYsthHiMRg Be DL ddettintealy]

I nstrunments Corporation, and progranmmed initially to sweep fromO0.0 V to
about 7. omvhaqrylawdwrommxl@I@aermteéfhanmﬁ@ﬁmllwm@yl methasyylatpierplymerage 46
range was r t tive
nd megat | Vo STt 23R8 sbR N R DR OB Bl o M B R S
exanpl e mﬁ)sanpﬂ@bumeﬁrswme@wnh RGNQ‘EA tocforgn aﬁtsrnmw@n@mapmng 15 wt% of the

nmet hacryl y t I

met hacryl% yt%nert?pg g OII]¥rom '?/‘L"as gén?fn%%{ ﬁ%e%élﬁ%gﬁ;@ti@ eg)PrX rom
Exanplie 1E(u®n;ﬂ)e75ngarsa:h®)1tco?rhmngef pd)lemmura‘ofmhoExlwnmneaﬂd Mqatzfnons(ch@Bxed with

PGVEA to forma.first SO o 15 Wt % of  t he

grams of ERZSHPILE ASFON sShh sﬁleﬁ cﬁ"ﬁfé]glboquﬁg %eéi °58i“bﬁh513'h§%h¥‘ﬁ°&‘1 es from
10 Exanpl elidr tordissolenthe esxhpanents,issiic24@i iafan altrhschidhiati for €0 minures bibiydbeinzene and
2- hept anone 2.93 . grans) to forma second sol uytion. The second sol ution
s oyt S ERHEB 8RR meOEE Filro A o5 ey e v GG BY e cuRBonent o,
soni cat ed theReddAd tdlbtloaSoAn silichmvifef ﬁ)arwnJgQ dﬂd‘ﬂéﬂér&ﬁ 100in{ Iht eiliesh wifbr wasglp-a 0. 2
m cronmeter nenbrane filter. A test y cell was fabricated by spin

coatig DRE “alsE Bayinesoiesisy it OB?POat%quld%b%%thﬁefm r{@ea’va&qrm?@@dawloo mm

The silicaa M@faelzoﬂ@sfo%@se%ghdtslfd)gvé’\@ﬁﬁﬂ thiRRMdsDBf ol 18 hbotk 100 M. Bpout 0. 0001
to about O. E ohmcm The wafer was baked on a hotplate at 120 C for 60

seconds t 8vegsgdilm t‘?‘?‘\mﬁ‘ist"t‘ﬂsék?i’éég Nt AdERinem sgts ehabenbd mppim digmeterdad abover age

filmthi cknassr WackndRWeke Abh a@bmﬁwm&aﬁm@m(ﬁa d?ftheéfhﬁlL{BroQgﬁSa Fudmdiaret er
and about 45 nm of thickness re then évaporated thermally on top of the

film throagresarsifabo Ifaiid al0” wrp Cugeniveltege chyacieristics were gleasuged U9INg at or n.

Currenjp-v (ﬁeitﬁgféﬁbﬁre?&ir%kt&t VRS thYEiCor PAS HoR i d&%@gr&ﬁd'ﬁﬁ& e 'aﬁ‘x}émﬁﬁ?- 7A
electrometer with the silicon wafer configured as the ground and th

al umi num eleteasgde codwured thguraskingeleqtiode. wWHirdeinfitg nedasurement avas Jumérodgsk yr e
B v
about 7. Oindtiallyn@swegp Groxh 0.0 VGo @bdadt é,ﬁd/ froon.@VQo 0.6 V ahddrovh 0.0le-7.0 V. The
voltage range was then adjusted to avoid overdriving the cell during the positive and negative
25  voltage sweeps. Currents in the ‘off’ state were below about 10 nA while currents in the ‘on’
state were above about 1 pA. The cell was pulsed at about 6 V for 100 milliseconds and then
pulsed repeatedly at 4 V and a 100 millisecond pulse width while measuring the ‘on’ current.
The voltage was turned off for 100 milliseconds after each 4 V pulse. No significant degradation
of the ‘on’ current was observed after about 7000 pulses.
30
Example 51
[0151]  The formulation for this example was prepared in a manner similar to that of Example

50. The formulation was tested in a manner similar to that in Example 50. The cell was pulsed

at about 6 V for 100 milliseconds and then the cell was repeatedly stressed in the ‘on’ state using
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vol tage range was then adjusted to avoid overdriving the cell during the
positive and negative 25 voltage sweeps. Currents in the 'off state were
bel ow about 10 nA while currents in the "on' state were above about | A
The cell was pul sed at about 6 V for 100 m|liseconds and then pul sed
repeatedly at 4 V and a 100 mllisecond pulse width while neasuring the 'on'
current. atlfltre3 Vcsirtuag@lmse ofupbors @ Ryt fThee gon’ tO@entrisimdaswredaftes about everyelOf 4 V

Bbout 70061 Naa el TEURAT Ol 3o o PEne O Pinc Rl KRS PRPEIES 1

prepared in a manner simlar to that of Exanple 50. The fornul ation was
tested in_a ?Tg%r simlar to that in Exanple 50. The cell was pul sed at

about 6 VEF¥P mlliseconds and then the cell was repeatedly stressed in
the "of' pN&2le uThdwgst cdlYisdatdichted ﬁld\leﬁéd’HﬁIOEﬁhﬁlplé/\ﬂVﬁcqftttﬁlbthﬂt:elﬁlsHZ The ' on'
current is rreasured after about every 1000 cyc|es. i gni fi cant

degr adat i GReasgdly fieessed i the (pny gale upiag Bés ?Véﬁlpgzptd@}wg\ﬁd@ymgaxsqme g0 Hss .

Exanpl e 52 4% {d %%;%L Hg@ uh{%%ffsﬁﬁé, fmu&@m aﬁﬁﬂuﬁ%%tf@@tlé‘?béd?s%émpl e 5l

except that the cel repeat edly stress e using a0to
4 Vtr apekHz)daﬂwevmxvethmmsmg:aarerd afler ahoneevelfy 13!00 syclesaF#ldprograisnablt derides age
time of 30 fal,l time of t.ime of. 90, s ouf 5.556
ey e ane dmpftalbyabilg Hanedd ibystage, FheispidindBasin Toe boNfetlescApRE)
progr domabs eFdleier s wikaaehas sadagedinpyn ahlivple vithangesingmulgplésagee Such

rapid mcrlwgses ”t] volta %%n be described 10 as a Four| er series whose
terms are A frggneny.- gﬁﬁ PR SSRGS (7 3 RIS HaY S EP" FEARRIp RV eEges RE

f undanent @iowiytﬁmtﬁ@puuneirmefwatrls:;;ez&amlme hVingdy ok RpYaR a gfvef €xanpl e,
converges nore slowy than the Fouri er series for a trapezoidal wave having

vol t age r ampitude-gie haghgfre\ﬁéwcy seppaneRtsief a yanare Miayhhave @ giraiee ymplRgsohuriheseof a

squar e waye, Raeoidal Vbl file c%ﬂéitiv& HaGakddda h@l@??ogré?ﬁm?olé a&&%mw&ewﬂve The
capacitive reactance of a progr anmmabl evice is inversely I

pr oporlPi omedportignd] tefeapesy. T*mefoeef ahigh figqianghFourieneromneper ol fead tOCfQWponent
will tend ch ent &E&J?h thgqireflgé]&t 3 er!iﬁo&%ﬁm idy @ %ﬂﬂoﬁ(ﬁu@l{al & JsaaHé)ﬂ{ﬁdE hﬁé l'd?n l)p thl y

proportional to I ccor ranmm n reaqd a field
program’ralprcmaatemngerwctﬂllg ?af1¢1d)nlg)eramab§ dewnewshghmlgelsruehmygnmsgmame seen in

220 LT o S 0 B4 R RS R I

exanpl e i slepreclpigeed by bl ending the formul ation of Exanple 35 with the
fornulz%tlon of Exanple 44 in a 1:1 ratio by weight. The bl ended fornmnul ation
is

Example 53

[0153]  The formulation for this example is prepared by blending the formulation of Example
35 with the formulation of Example 44 in a 1:1 ratio by weight. The blended formulation is
agitated for 20 minutes on a laboratory roller and filtered through a 0.2 micrometer membrane

25  filter. A test memory cell is fabricated by spin coating the formulation of the present example on
a 100 millimeter (mm) silicon wafer and baked on a hotplate at 110° C for 60 seconds and baked
a second time on a hotplate at 200° C for 60 seconds to give a film thickness of about 20 to about
100 nm. The average film thickness is about 50 nm. Aluminum dots of about 0.5 mm in
diameter and about 45 nm of thickness are then evaporated thermally on top of the film through a

30 shadow mask at a pressure of about 10%t0 5 x 107 torr. Current-voltage characteristics are
measured using a Keithley 6517A electrometer with the silicon wafer configured as the ground
and the aluminum electrode configured as the working electrode. The entire measurement is
controlled by LabView software programmed initially to sweep from 0.0 V to about 7.0 V, from
a7.0 Vto 0.0V and from 0.0 to -7.0 V. The voltage range is then adjusted to avoid overdriving

35  the cell during the positive and negative voltage sweeps.
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agitated for 20 mnutes on a laboratory roller and filtered through a 0.2
m cronmeter nmenbrane 25 filter. A test nenory cell is fabricated by spin
coating the forrmulation of the present exanple on a 100 mllineter (nm
silicon wafer and baked on a hotplate at 110 C for 60 seconds and baked a
second time on a hotplate at 200 C for 60 seconds to give a filmthickness
of about 20 to about 100 nm The average fil mthickness is about 50 nm

Al um num dimsp1@b4 about 0.5 mmin dianeter and about 45 nmof thickness are
t hen evaporated thermally on top of the filmthrough a 30 shadow mask at a

pressure §8 élbouifhemrraulﬁttpnsfowhwxgﬂﬂlﬁfSrPrepewﬁPéﬁlen%% the drmufasien ot Bxampls cs are
measured usLAg m’é f&%lumbﬁ!}éf M £1 iR Q111098 6 wiikhth Thb BleRdddifeamIbRh &

configured as the ground and the alum num’el ectrode configured as the
wor ki n§ eP@@tqdé@e?O MiRweEett 4 lraborh‘ea/sfelﬂ%ﬁﬁﬂhfm@fsd thewgh FQlZIIEGTOWteLHBW@ﬂP sof t war e

8r ggbamﬂ t%;rg'r%tt' & 6&%0&?@%@? tl-I]crfgr'?ﬂu ti3n Yf eﬁprﬂb'ﬁ: ﬁnc\!ted é{l@f&te@as in0 V to

evotagerangels en adjusted to avoid
overdri vi EgarB@e bhe cell during the positive and negative voltage sweeps. 48
Exanpl e 54 [0154] The fornulation for this exanple is prepared by bl endi ng
the fornmulation of Exanple 29 with the fornulation of Exanple 47 in a 1:1
rati o by Wehgples 553% bl ended formulation is 5 agitated for 20 mnutes on a

| aboratory roller and filtered through ronet er rane filter. A
t est r}Qrm?f‘}}Sg |1 TORSE ARl e5t SPHAER P @Wﬂf%ﬁ l@wwme@s P%Pq?b fer Biadssd and
tested as hhving &¥@RInfoidids. MRS ShdRagefts Werd Atafy chbRRa eni6 ¥RTRIRS WBT €

undertaken to denonstrate the synthesis of polyester hinders  _having

accept or hifjledegagkto theprdgriof addition Tbﬁ@a?t@agétﬁ? gor\ﬂ)é%eé of ﬁmer ai@%mélﬁaﬁrgéa into

the react okg Wiililiter thiebhnb& F&Q@%‘ndn?ﬂisﬂ%t@& Qﬂﬁ a?rfecl?éii@aiéti%r téﬁﬂﬁrart&@%du‘é}ﬂ setup
consisted of either a 100 m liter or a mlliliter three-neck,

r ound- bot texmtémpesature pmbedlewngmaatlmemmecaneagtsmrk éqtp, andujsegea urge iWeint r ol
b t I d
OX, %”p%{x@efe %‘ﬁ e(?ft?ﬁ elzik?%ﬁé Wde H%glégﬁ@ gmfe(i&ﬁda%%&ﬁ era@ﬁgnldﬁtat%ﬁhl'h{b an

nitrogen purg 6 Feactions were heated to the
ti me and telopeat mnrlaeaundx:hrame@gnanhy'l(éAﬂCe was peb@lrrowl or@l quﬁnmanplanand

chromat ogr, glgp ro%) @rmw%swe%?]:{ B\%‘h{ﬁ% gno?e@ul%{]%'el é%d mrl% er gperg e rr%?ecul 7 g’vlefl‘#l{ ons to

det er mi ne "wel ecu er ‘avet age no
wei ght ass mldutatcahﬂtie Tarblet heeldabAl s@ndmll)cmrs Were celdcied bp«ﬁllt;amanm aBuabngol | ect ed

by filtr at I %glofur b (ng lf:fgdlgoel a atatérrgpqutlflreigf 914”1% 8 hed%llep oyla,?ug at

terrperatures repar 4t on
pol ymexs wedparager) Steqmﬂuan bylynlers wtevsetkeqmbnﬂgb Hisgdites.in Idienpzeﬂ"baepﬁceaodoumbms

b d the t tical. vield. The th d h
' vi e fEReGhicalue s saless PUHrER S e g ER°

discussed in detall below.

Example 55

25 [0156] Dimethyl 2,6-naphthalenedicarboxylate (24.33 grams, 99.63 mmol),
dimethylterephthalate (19.44 grams, 100.1 mmol), ethylene glycol (7.63 grams, 123 mmol),
glycerol (7.29 grams, 79.2 mmol), and para-toluene sulfonic acid (PTSA) (0.46 grams, 2.4
mmol) were charged to a reaction flask. Reaction conditions are shown in Table 3 below. The
resultant polymer was dissolved in an amount of 10 wt% in a mixture of methyl-2-

30  hydroxyisobutyrate (HBM), methyl 2-methoxyisobutyrate (MBM) and anisole, wherein the
weight percents are based upon the total weight of the polymer as well as the weight of the

HBM, MBM and anisole.

Example 56 .
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25 [0156] Dinethyl 2, 6- napht haI enedi car boxyl at e (24 33 grams 99. 63 rrrml)
di net hyl t er epht hal ate (19.44 grans, 100.1 mmol ), ethylene glycol (7.63
grans, 123 mmol), glycerol (7.29 granms, 79.2 muol), and para-tol uene
sulfonic acid (PTSA) (0.46 grans, 2.4 mmol) were charged to a reaction
flask. Reaction conditions are shown in Table 3 below. The resultant

pol ynmer wasswi sspimeﬂqlﬁze rﬁﬂntl@d]&iéﬂﬁt:ar@éxyﬂa@(\Bb%gtd?nsallﬂrﬁﬁlhﬂ)e of methyl-2 30
hydr oxyi sobut yrat e met hyl 2-net hoxyi sobut rate and ani sol e,

wher ei n t et Wé‘ir@?‘i‘fha%‘r éﬁ@?“&r@%@%@ ‘E}bﬂ?ﬁet&%" tZQIgr%‘rb mgeDt he pol ymer

as wel | Rﬂ(m %aﬁ]s@bstmo% %%@@Qs%ﬁol) E&@@p&%ﬁéﬁ&mﬁ&%?l
D et hyI 6- napht hal enedi car boxyl at e (3 ranms, 125 mmo

di met hyl tféasbd%ﬁaﬁmnavpedl(lqmaas@mw Taple, Wbdﬁmlﬁ'e resuhignt gplymgs Mlssebvecm gramns,
116 ) an agfhaMCE"18!wi 84 ngpmﬂH% lt(etrZI?%/d;g'of kl)ala)'ﬂgl dn I%sélgwﬂgrelﬂrtmelﬁl% 5 mol )
were charged to a reaction eaction conditions are shown In Table 3
bel ow. Theereeass aret tasdd ypoh theetalwessghd pbtho belgaier as wsllanthameight ofahe 10 wt % in a

m xture otf tr;tlhetrrou grlgic% fl%é( naollcohol and ani sol e wherein the wei ght
percents are Base ?ﬁ THE PR wei ght of the polymer as well as the

wei ght of the tetrahydrofurfuryl al cohol and ani sole. Exanple 57 10 [0158]
D et hyl ﬁ 6- na t hal enedi car boxyl ate (47.70 grans, 195.3 nmol), dinethyl

t erepht ha We( 5.90 grans, 133.4 mmol ), glycerol (32.90 granms, 357.2 nmmol),
PTSA (0. 8ph158r ama;mefdhmrzsrﬁabathalamdlcaﬂo@qﬁue(at(zaﬁ ggmma% Mﬂih@l)Qﬂlﬂétﬁﬂd to t he
reaction flask. Reaction conditions

r esul t ant Cahaar (0 gipms dp3ammab), &lﬁc%riﬁlﬁ%?o Eflmié%\;?%mﬂ) STS%(Q%r e of HBM

and ani sob@mwhes gt iR ammgb;e ﬁﬁﬁ?%}e dhreB@RARE 4RA7dn A . tz@gcabn muglbﬁs of the
15 polyner as well as the weig t he é M and ani sole. Exanple 58 [0159]

Di met hyl &e @qvapnﬂh@lréﬁé'@méfhmswaat rolYpg va digsadyed in arpam@npefplO)wi%jinget hy |
terepht al gt 1 AfRol S% BLibn  Ded %t 5 mmol ),
PTSA (0. 4@ x(-{:uzr((.?) gl}igﬁlsg{d HEOC%F %tand gnlpg}g?'(ﬁq By Jnga'?ﬁsg‘B%%h‘%ﬁé‘Fged to
t he réact padyméraasicll aRhaeteighhofdndBM and snissle shovvn in Table 4 bel ow. The
resul tant polyner was dissolved in tetrahydrofuran (THF) and precipitated
in isopropanol (IPA) to obtain 36.9 grans of polyner with a yield of 83%
The resul Exantplp® ymer was di ssol ved in an anount of 10 w%in a mxture of
HBM and kg0l e L th [ ah nece t o) wei ght
of the poﬁi}g r a]s?mv\egﬁ:)ﬁb%s&a? ﬁtg%rfglc\%\:g?’g’ﬂ%e@%él rq'ﬁB mORI és]%'letth ltTabI e
terephtalate (13.58 grams, 69.93 mmol), glycerol (16.72 grams, 181 5 mmol) PTSA (0.45

20  grams, 2.4 mmol), and anisole (18.8 grams) were charged to the reaction flask. Reaction
conditions are shown in Table 4 below. The resultant polymer was dissolved in tetrahydrofuran
(THF) and precipitated in isopropanol (JPA) to obtain 36.9 grams of polymer with a yield of
83%. The resultant polymer was dissolved in an amount of 10 wt% in a mixture of HBM and
anisole wherein the weight percent is based upon the total weight of the polymer as well as the

25  weight of the HBM and anisole.

Table 4
Reaction
Reaction M..(RI) M, (R])
Example Temperature Polydispersity
Time (hr) gm/mole gm/mole
O

55 150-200 4 4065 1782 2.28

56 160 15 8638 2318 _ 3.72

57 150-160 5.5 1225 (UV) | 425 (UV) 2.88

58 150-160 13 16459 3902 422

Examples 59-62
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Reaction Reaction M, (RI) MRI) Exanple Tenperature Pol ydispersity Tinme
(hr) gmnole gmnole (C) 55 150-200 4 4065 1782 2.28 56 160 15 8638 2318
3.72 57 150-160 5.5 1225 (UWV) 425 (UV) 2.88 58 150-160 13 16459 3902 4.22
Exanpl es 59-62 50 [0160] Each of the polyrrer sol utions from Exanpl es 55-58
(3.0 granms of solution containing 0.3 grans of pol yrrer) I's conbined with

the gold particl fromEx clurll

1,3,4,6- t@?grb Ki sl%aﬁg? ﬁ%?(f/)%?]ﬁr ﬁofn?'bsefboflblzﬁamapqes)%sggga(?% aen[:!:llse()sfuq oni ¢ aci d
(PTSA) sadoutainirg (IDgr%Bogadl%md?)l'iSAombxhed witinthe gole nBﬂipéﬂ:/cIé@fmﬁﬂExbﬂnpllad of
propyl ene col exan / dro ric.acid t hyl
ester) and %gi’ ﬁbﬁ@@‘}iwl\’/\} ’314 tfi(r%‘%’/s? ﬁ'é’ﬁ (épyc%r mﬁ%?ﬁ‘iﬁ{ B Geid®

et her/ cycdmngﬁmm/«zmygimmsntsysrunsn Qi m/mwbv s F pn(o@ﬂeﬂelgl@baﬂismyl The

formul ations are agitated overnight on a |aboratory raller to dissqalve the
conmponent&h ergwk?'@é%n@aeﬂ Hdrgrybyiyric 358 methyhesten) and 2 3PH0R0 v dlend ghptepylensy ed

through agl%o?meih?lr&m%oﬂgﬁm%haﬁlﬁyérbﬁbﬁfync Aid hiklyl é’ﬁ?d?’()fﬁ/l l(‘g‘?idis&.' ?héc abricated

by spin coatin formulation o present exanple on a mm
di aret er @F‘P‘i'l@,*&ﬁs pargifaqdmverpht oma laberatory rliar teyissavedhricamrednts ﬁP"éFaffét pl ate

at 120C f . ﬁRrasoglgc%ﬁl%Af (ngfu\ég aﬁ’d lfil'tércgi‘ thl%'u%ﬂ(96§gn grt)m@tglollﬁta lglgne ﬁlaeQ 0An m

typically a out um num dots of aneter and about
45 nm of tetimeknoeselias abiidaad byspipepating dhet fhemuationpf the Pte@glto)ﬁamrﬂm 4100m t hr ough

Char al o Pevg o RUERERRRT G, AU A b Eyrd el It 6071

silicon wateids dbgigs DfifcarkadRsloft Ab6utOU MOM i) @bﬁﬂ[yrdbdﬁ soonm‘ lAgUﬂhBAdnﬁE)tstdIe
wor ki ng el ectrode., The entire neasurenent is controlled LabVi ew software

(Nat i onal 29°HEG-3 PR dEametsy and abopt 45 1mofthigkness-are fhap FXFPPB‘eé\J\%@é'Ba'fYr%‘rFPIDOfO Vto

about 7. Omn¥filrh (H260gR a hddoW rhk G DpribsurdBElafuP10 0o 8 % f0* tdrr0 Cilerent RBItagé 0l t 2geE
range is then adjusted to avoid overdr|V|ng the cell during the positive and

negati ve ChREFrEHEKS anasgsiredpingadigithley 31 Trodectometer yith digspicen walsr under t aken
to den?nS%rBQﬁo%d LRES Y R e?ec@gdg&)ﬂfl %llréi gﬁk@%&ﬂ(ﬁlﬁ%ﬁ%f}ode The Extird Opent adi enyl

cobalt telluriumnetal cluster. granms, 11.1 mmol)
measurement is controlled by LabView software (Nat10nal Instruments Corp.), programmed

initially to sweep from 0.0 V to about 7.0 V, from a 7.0 V t0 0.0 V, and from 0.0 to -7.0 V. The
voltage range is then adjusted to avoid overdriving the cell during the positive and negative
voltage sweeps. '

20
Example 63
[0161] This example was undertaken to demonstrate the synthesis of Co4(n5-C5H5)4(u3-Te)4
- a cyclopentadienyl cobalt tellurium metal cluster. Co(nS-CsHS)(CO)2 (2.0 grams, 11.1 mmol)
was weighed into a 500 ml flask equipped with a magnetic stirring bar and stopcock side-arm.

25 To this was added 250 ml of toluene and 200 mesh tellurium powder (5.0 grams, 39.2 mmol).
The mixture was refluxed under argon with rapid stirring for 48 hours. Over the course of the
reaction, the bright red-orange color of the solution gradually changed to a deep red-brown. The
hot reaction mixture was immediately filtered through Whatman No. 2 filter paper using a filter
transfer device having a 20-guage steel tube with a tubular glass receptacle fastened to the end

30  with epoxy glue — to which the filter paper was wired. Repeated washings of the leftover solid
with 10 ml portions of hot toluene were performed followed by filtration, until the filtrate was
colorless. The toluene washings were combined with the original filtered solution. To this crude
product solution was added 50 ml of pentane. The resulting solution was cooled to a temperature

of -15°C for several hours. From the cooled product solution was precipitated Co4(n5-C5H5)4(u3-
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was weighed into a 500 m flask equipped with a nmagnetic stirring bar and
stopcock side-arm 25 To this was added 250 ml of toluene and 200 nesh
telluriumpowder (5.0 granms, 39.2 mmol). The m xture was refluxed under
argon with rapid stirring for 48 hours. Over the course of the reaction,
the bright red-orange color of the solution gradually changed to a deep

red- brown Te)IHsea bIRAL cryseibilel sOMd, Kb fnkifi@ déited AMEFTCALeR! Yhfsi thdtlcRBtet §sRMAL
What man No. filter paper using a filter transfer device having a 20-guage

steel tuban thwnéowmpﬁ}le of undergeing dipeaaiciowr eridatiemgepstte YieKstabkPaueswi t h epoxy

gl ue - tOhMgCéjl‘altggﬁoffd L] e,r2 PRRRIMapevegd. Repeated washings of the
| eftover solid portions of hoét toluene were perforned foll owed

by filtration, untll the f||trate was colorless. The tol uene washi ngs were
combi ngd W gnl;bg e original filtered solution. To this crude product

sol uti on was ad ed 50 mM of pentane. The resulting solution was cooled to a
t enper at ufea62jof ThiSexdngrie @Mﬂdaitakhmwrc&moﬁsmamthmmm& ﬁd?qaﬂﬁeﬁg(ﬂH;W(wl on was

preC|p|taedCo4f5 17T aba al l'i ne, sol i
her ei naf t F*3ék6 té’BetB)g[S @eﬁ?@w‘ C%Itée?lﬁavfalme& 'é’f‘é‘y syhgsisgnethgd'of) oct r on
donor, capaihfle 84 nslﬁE'QiE‘e’xGéth ﬂﬁt @6(11'5 @?@Hgfs D)zg?f b%ﬁatn\soﬂz @Pxﬁﬂﬁ) WA rddcehdidt abl e

speci es having charges of O, espectively. 5 Exanple 64
[0162] Thithe tdluanmlm%ﬁ@ﬂmgqht &R ewm&%l?embtanéthe tqlme s9lmerit e6ihg cryfle

Co4(1 Te ent anpt C i t, tellurium
ot al D1 GBta b b on RERIE P SREE 8 ClaRBE b i T
Co(r 15- Cs@ﬂéB)xéi)i(aQ@)cB of &dascgmrma nﬂ:ﬂmﬁmmmhht dMiSt tolaaetAad platddin atflaezet &l | uri um
powder (200 nmesh, 5.0_g he toluene saolvent of the crude
10 . pr oduc  tRReftre Af Wéscéct ¥‘F‘6|§B’dk &rﬁéi‘élrs 00%%@ rﬁs@ﬁés)f(és—m inggginafigr dgnoted
Co4(t15- Cef [ENgsOsAER: Tﬁ)si‘ne%%lust@r’ stygl@rﬁ 1%%cﬁ=§n MP c%abfe%hﬁ&‘?éo\{r?gjat Iefdstd

m ni mum anmount of hot toluene and placed in a freezer enper at ure of
-15 C to yhred exidgtigr fepsrtg gield) stablerspetins haying cipaesish @)+4(324r@)+z3 fet’rPé‘Ftéfperafter
denoted as [PMCpCoTe] 4. "This nmetal cluster systemis an electron donor,
capabl e of undergoing at least three oxidation steps to yield stable
speci es hdxampleéharges of 0, +1, +2 and +3 respectively. 15 Exanpl e 65

[01631 In he € I ry XV{n t4en in
P , 2.0 grans soluti s’ conbined w't grams) and a
B 66R5f m&l e‘iamlélgeihﬁgdl}’rﬁé‘r mgQIa (L%’tfugg&%ﬁﬁ Bﬁcg%ki 10 ) and
50/ 50 w wghdmersdlutén) Wmt:bmbay«tcbmizleﬁﬁbCaTﬁm - 076 praamsd Al  AP3DB/vgblembdf. The
formul ati r I 1or ssol ve the
conponent s an tere rou a’o. cromneter A test
np %tl%%ﬁ?eg%ng Bcgé’ p%‘{a% H%{él%a‘ggam%? 2f, ﬁxbm%;ﬂlon s a%l ke ov?rﬁl it it
menor y20c elldbotasirn gpliehe dﬁssaslmuihatomponerits trkd ﬁitemdahrphgm a3 nflabmetearhadbrama in
Exanpl e %Et'er. E{(?egpnhf?mofsr)@ cell using the formulation of this example was fabricated as in Example

25.

Example 66

25 [0164]  The polymer of example 23 (15% w/w solution in PGMEA, 2.0 g solution) was
combined with [PMCpCoTe]s (0.10 grams) and a 50/50 w/w blend of methoxybenzene and 2-
heptanone (11.23 grams). The formulation was agitated overnight on a laboratory roller to
dissolve the components and filtered through a 0.2 micrometer membrane filter. A test memory
cell using the formulation of this example is fabricated as in Example 25.

30
Example 67
[0165] A 100 millimeter diameter silicon wafer with 100 nm of silica was coated with
aluminum (about 1% w/w silicon, 45 nm of thickness, pressure: about 10 to 5 X 10° torr). The

wafer was baked on a hotplate at 200°C for 60 seconds following which a Shipley 1813
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25 [0164] The polyner of exanple 23 (15% w w solution in PGVEA, 2.0 ¢
solution) was conbined with [ PMCpCoTe]4 (0.10 grans) and a 50/50 w w bl end
of net hoxybenzene and 2- heptanone (11.23 grans). The formul ati on was
agitated overnight on a laboratory roller to dissolve the conponents and
filtered through a 0.2 mcroneter nmenbrane filter. A test nmenory cell using

t he for mubiatd:Qike Ohs dgplisd. EHRUE Was af APBAKERLQB0EDr bMseESRIBPITRe atin30 Exanpl e
67 [0165] A 100 m | linmeter dianmeter silicon wafer with 100 nm of silica was

coat ed wi thisknesp was hdmiqrameiens: Ths wpisd veasiexpased inag - hpreisetianHir@len ardsthehr essur e:

about 10- &} @tggﬂvgném}lﬁmnes I&tﬁs aé’@%ﬂin%?ﬁinﬁﬂ&ﬁ%aﬁﬂe é’mﬁ%x@t{ &te at 200C for
60 seconds foFI ow ng which a Shipley 1813 52 photoresist was applied. The

vaf er wasméganaierpakedinderlylgrlinmuBovas gattsmutd by Wetetcloag vsimg a hitiokness was 1. 3
m or ompt er s THE 8665 BpES, BXPASEGOMsRatiTioR LRl 65l PROPTHOLS] wand then
TPGive A and spaces having a

devel oped nom nal”T1nes an M AT mum T eat ur e
di mensi oncafu@ed ard@iCofive 8@ o0 sddoadu rithe ré¢nyaimgg sekistw asulanwaipppdhawar mthd by wet

etching using a solution. 5 conprisin Owt % H3P Swt % , 5wt % HNO3
andl one o6 RepitsGoreit Er RIS WaTRERadakiis 1 rPlide 4 [ Ok I8 Bl it e

r emai Ni Ngbdked h SdcoNdBdmé BieNh&plaicRPBEIH° @160 sddaids th @rveulpatynRFic filre Anvixaapl e 29
was spin-coated, baked on a hotplate at 110C for 60 seconds and baked a
second ti Heekpess 8f #porinUams an alymeneny lgyer shabori e thickngss was cpafsdiopen oidhg i | m

havi ngoa pdihek @RS 28hiplep td135Moidhasist\RastppiddHAbAKRY 8 a AbtpRBOH L 0dbe 181180
t hi ckness was coated on tgtg of the 10 olpyrrerl c film A ghl pl ey 1813

phot or esi sacongado giph Feadingpid! - bakesemeersa Thioesstarae exposadgodighidn 240 prejedtionds t o
grve a .Coﬁitiﬁtagmgtlev%logecmo i&qF\Te?g 'S I&?hz{ Srhinfdin ?ﬁ&?escﬁgxeﬂ orl df%ht In-a 1:1
projectioh printer and devel ope £o givelines and spaces having a mni num
f eat ure dimaspéten, substatially parpemdicelpsto tngbddtailet iabdvieybased grembfitplate ar 1206Ct hose
detail ed t phat. 2conds t

under | yi n?gpgﬁﬁﬁﬁgﬁ‘g%b‘gﬁr{}g‘ %é‘g’g‘ﬁ‘i)%”e“% Ea(‘e?'tggﬁ{i ﬁg wggﬁt%g&a&ﬂ' §ra% al{l%]g)ﬂ 15

havi ng5 80w g-8R@%,H;Bt, SwCHIDROBO W% HNOSB, ardri@wt% GhO%6ThR chingeaet chi ng was
conducted at, 40C f.ar ti.me per| f 30 to 60 seconds. The renuaining resist
vas st i pateaupic fr a8 o &0 Vet Brifnonte RERRLE i Rt SFRERY 7 2o
patterns Weseexpuseeadiddaidligpnieab réroatpetht amay tedipstendywer?ictassiapy fabiditddQd 66]
Thi s exanpl.e denonstrates the programm ng of a field progranmable film
wherein $Y¥ast one of the electrodes is not in a fixed position relative
to the film The fornulation from Exanple 25 was spin coated on a p-type
silicaqn vv%fer having a resistivity of about 0.01 ohmcm and baked at 100C
for 6@Yse&dMBRe8%Hd baked a second time at 200C for 60 seconds. A coupon

[0166]  This example demonstrates the programming of a field programmable film, wherein
at least one of the electrodes is not in a fixed position relative to the film. The formulation from
Example 25 was spin coated on a p-type silicon wafer having a resistivity of about 0.01 ohm-cm
and baked at 100°C for 60 seconds and baked a second time at 200°C for 60 seconds. A coupon
25  of about 0.5 X 0.5 cm? is cleaved from the coated wafer, mounted polymer side up on a magnetic
substrate with a bit of silver paste and placed in a Digital Instruments Multimode 3A scanning
probe microscope, equipped with a titanium-coated tip, a voltage source capable of applying a
DC bias voltage to the tip and a picoammeter for measuring current through the tip when the
voltage was applied. The tip was rastered across the field programmable film in contact mode
30 with a 10 V bias in such a way as to create a rectangular pattern of about 3 um by about 10 pm
in the field programmable film. The field programmable film was read by applying a bias
voltage of 4 V and sweeping a rectangular raster pattern of about 3 um by about 10 pimin a
perpendicular direction to the original rectangular pattern while monitoring the current. The
areas that had previously been subjected to an electric field typically show a higher current by a

35 factor of more than 10 than those areas that were not previously subjected to an electric field.
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25 of about 0.5 X 0.5 cnR is cleaved fromthe coated wafer, nounted pol yner
side up on a magnetic substrate with a bit of silver paste and placed in a
Digital Instruments Multi nmode 3A scanning probe m croscope, equipped with a
titaniumcoated tip, a voltage source capable of applying a DC bias voltage
to the tip and a picoameter for neasuring current through the tip when the
vol t age waserafipkiyethe fim@rmgrmmaﬂe ﬁhstvarlﬁdgrammed;poihtheisé byetapping theg riphmedid e il m

in contact, nod .wWth a 10 ias.in way. as.to reatearectangular
bt ot nof0 R VR pEdie 00 Vigeolidt FHEF afpt gR SR e e b
field proglawerihefiin.| RRRE tHeqtht-Dysepdtirythmed Alnbw @Sacconlisi@eyheaturiMgand
sweepi ng a rectanqul ar raster pattern of about 3 m by about 10 gmin a

per pendi cEHIEPL it E‘iaPB'hWP%fef*}’?é"‘tﬁrVPb‘}gﬁ&layroéE‘ta&ﬂEf&aé“r eﬁ%r?RPé'Fﬁ‘r Imﬂg%r Ani t ori ng
the cusrephe aiﬂ?@ona@oﬁﬁg% wdtappitado the Prev MY Wi Rins sb&a L8 & ivuN ot gCt i C
field typically show a higher current by a 35 factor of nore than 10 than

t hose ar e8@settheprogidmainght previ ously subjected to an electric field. 53
Al'ternatively, the field programmable filmwas programed point-w se by
tﬁppl ngft@eadr1 aving either a 10 V bias voltage or a 0 V bias voltage on
the surfa A et

Readi ng tﬁm‘i. B e
currend apolyiner, randranlryenbswhmerdewtﬂmxemmeethyjl ztrﬂglﬁnemil)}l sﬂxrxmmg,fomtathave been

applied. In either c a bi as a to. the

Dl oo §omSTBRRT AP Lo Ap0a Tl By 3h the et ¥eant B praP sty Sidnd
progranm R@thyFxeilipk sifle 4fdknkdthy diedifoiy emrerswmhbr thStride APAE 6R 180F fréth| ows: A
10% sol ution of a silsesqui oxane bi nder randoni y substituted

wi th phenyFchnpglessgprporaten)dn aslyapf hagmgekalﬁéq@l aerégnsar/wyf dEesipd 8luash of about

41, 56 andin®iPlRcifalaseainRihyl {patcatélenbi R Rfed RADBE) 61 L1 Wine,
nethyl triethoxy silane and di methyl diethoxy silane (sold under the trade

nane GR150E3%rdm suwéewrb‘gfr%&naeeraﬁéfﬂeaﬁf &9 atiodt 2P iy (soldras UHARNRE bivdet equal
porti ons Walphhse@ difrdtioh) @ Dﬁ@go’r\re%t 4.04, g&d zhyd 1% e&gédaﬁah%f %Qmérgﬁﬁh lyligeadi pat e

(her ei nunder referred to as DBE), 92 ¢, | ended with
suspensi onansparGeles efsivephout B hms whereig |tl23e9bé33tmvle pagionnabowtol. Y (sebd ay Sllilm by

the Nano P%g&g&ﬂ&{] gé%&gﬁoxbih OB O(?r%n‘(%rﬁ fheqeggmg%ﬂan sﬁgﬂgd/?lﬁ%ﬁﬂgny on of

Ant i nony partic 31'ze Eboy wherein the Sb/ Sn
nol e rat i ovérgighivoutlatbrgoryselled ardsfilSrei @B pdlyeth iane Riteropéralgenctavpgpatei on) i n

DBE S%Ve@&es 04' P(fug QO(SI_K\ﬁ ;rﬁ?sl!ié l}lél %lu?@g sb1§ 058%4 &ﬁhiq& n%nlg?ﬁ%{n{ &afeplyagr[) gaght on

a laboratory roller an ere rou ene
havi ng pOIrﬁlsﬂﬁt)scpfabmlt@fOoadeﬂohBGGn AN spTrhipeﬂbrﬁlabd}utﬁ@) HSOQOUpm to givepi n- coat ed

on a 100 sr | i n esrstrvrt hmcm
o0 & aotn BhiRke'of Al R DTV B wale ERl i wiilon g hoplie i 120 fr samisand 1 oo
nm The cm&heldnsﬂafddrto hSecf)ndBdelhalﬁﬂiﬁbakEdﬁiﬂOO‘t(lec&tﬁG sédonds? A lunfnom als gfec and

t hen transferre to asecond h t,P' %te and haked at 200, C for 60 seconds.

Al umi num 8%? enp- 2 mm are evaporated onto the coated water and the material is mounted on a probe

25  station and tested as described supra.

Example 70 »
[0168] The test memory cell of Example 69 is fabricated except that the binder polymer is

hydridosilsesquioxane having an approximate empirical formula of HSiO; s.

30
Examples 71-81

[0169] The test memory cell of Example 69 is fabricated except that the formulations

components are in %w/w amounts as given below:
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dianeter 0.2 nmm are evaporated onto the coated wafer and the material is
nmounted on a probe 25 station and tested as described supra. Exanple 70
[0168] The test nmenory cell of Exanple 69 is fabricated except that the

bi nder polymer is hydridosilsesqui oxane havi ng an approxi mate enpiri cal
formula of HSIOQ _5. 30 Exanples 71-81 [0169] The test nenory cell of Exanple
69 is fabricated except that the formulati ons conponents are in %W w
anounts as given be|POY\£ gj34 Po| }I//WerCBi)ﬁﬂﬁbaﬂic‘?&/%/@@ﬂ%O@ﬁﬁd’p’éﬂtiﬂéﬁS, o w
SbSnO Nanopar ti cl es, YB3 HEE) “omt ex(Bx103)82- 82) %mwvaiEplae-8Z1 85 10 5
Exanpl e 72E@8npe 7t Exanpl €573 85 5 10 Extnple 74 85 7.5 9.5 Exanple 75 89
1 10 Exanmpkanpk289 10 1 9&kxanple 77 87 10 3 Exanple 78 87 3 10 Exanple 79
89.2 5.4 S5Eampkvanple 80 83.5 5.5 1 Exanple 81 93.5 1 5.6 Exanples 82-92
[0170] TheEkasple @enOry celsb of Exanples 74581 is fabricatréd and tested
except thatxdnpe 75 anti nongdtin oxi de nanoparticl e suspenstioon is replaced by
a simlar Exspevsi on of imsdiumtin oxideian DBE Exanples 93-103 [0171] The
test menor Exagld 770f Exanplses 71-81 is fabrd cated and tested except that the
10 copper @&xdnipR manoparti @re suspension i3 replaced by a i mlar suspension
of nonst oi Ghangpreeter i ¢ copgeer sul fide in DBE Conparativeskxanpl e 104 [0172]
In this exapghpisopol ynet hydgret hacryl ate was m xed with gobld particles. 0.3
grams of Erarpd ginet hyl meg¢gmcryl ate having a wei ght average nol ecul ar wei ght
of 254,000 grans/nole and a

Examples 82-92
[0170] The test memory cell of Examples 71-81 is fabricated and tested except that the
5 antimony tin oxide nanoparticle suspension is replaced by a similar suspension of indium tin

oxide in DBE.

Examples 93-103
[0171] The test memory cell of Examples 71-81 is fabricated and tested except that the
10  copper oxide nanoparticle suspension is replaced by a similar suspension of nonstoichiometric

copper sulfide in DBE.

Comparative Example 104
[0172] In this example, polymethylmethacrylate was mixed with gold particles. 0.3 grams of
15  polymethylmethacrylate having a weight average molecular weight of 254,000 grams/mole and a
polydispersity index of less than or equal to about 1.1 was combined with the gold nanoparticles
from Example 1 (0.1 grams), 8-hydroxyquinoline (0.1 grams) and o-dichlorobenzene (16.17
grams). The gold particles were not covalently bonded to the polymethylmethacrylate. The 8-
hydroxyquinoline was also not bonded to the polymethylmethacrylate. The mixture was agitated
20  overnight on a laboratory roller to dissolve the components, sonicated in an ultrasonic bath for
about 10 minutes and filtered through a 0.2 micrometer membrane filter. A test memory cell
using the formulation of this example was fabricated and tested as in Example 25 except that the
polymer film is baked on a hotplate at 80°C for 30 minutes. Working cells are obtained with
parameters similar to those of example 25.
25

Comparative Example 105
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pol ydi spersity index of less than or equal to about 1.1 was conbined with
the gold nanoparticles fromExanple 1 (0.1 grans), 8-hydroxyquinoline (0.1.
grans) and o-di chl orobenzene (16.17 grans). The gold particles were not
covalently bonded to the pol ynet hyl net hacryl ate. The 8- hydroxyqui noline was
al so not bonded to the pol ynethyl methacrylate. The m xture was agitated 20
overni ght I I r ] cated in an
ul trasoni c(ﬁz%t h 0%@&}/0“ oigk%%%?%gwaﬁgé%% fﬁrtlkgfr%aet ? F@%g{lﬁ ceﬁ;92lnm cronet er
menbr ane Ekxdmpde 25. ANQ wgmnmnkb@rvyereebthmedwrentgnftbﬂnebercmsnmos&tqfdw 8f this exanple

was fabri at the polynmer filmis
baked on ﬁﬁﬁsgaﬁggé&gﬁggg%%@édq?? %gﬁtr?géﬁlg%&fiﬁg Stngl | s are obtained with
paranmeters simlar to those of exanple 25. 25 Corrparative. Exanpl e 105 55
[01731 Theorfnor gt‘x’vleaé ar% Ne9 Exanpl e 104 was used to fabricate a test nmenory
cel | as in %(r i wor ki ng cells were obtained, presumably because

nost of ttmm} hy;droowﬁ]uiarmede} ﬁﬁcdﬁﬁ&fc&\ﬁ&mQDthd)fﬁlﬂlﬁﬁmhdI&aﬁeﬂ Iwih dluiriiign t he bake

itogpnmE)Of abpy, I%W?foég %oagge*d“ﬁf ‘Srfkgqlsg#%@ﬁflsg{% 8 ut?@f {,M{)Hog nT*@EeLmWoﬁh

t hi cknesswaﬁﬁdamaﬁé@w@haﬁla@lapwmé@ar%ots&oﬁds&na@nélegq8)3 hbtResisv@heippas baked
on a hotplate at 200C for 60 seconds and Shi otoreS| st was

appl i ed awrtbabedatd OJC fondiseryids Brei setetag ofd- bmw&wt%baﬁeﬁgsl%wa&ewosed

m Cr Ot &6;5a 1.1 B3 iinichQid 8BRREHo Hhe nBmihal ks BEIPARS hfin®d bftfifimand

devel oped to give no |1 nes and Spaces having a mninmum feature

di nensi on f@fur@dlﬁneWMt3enlsroamrStamé thervader] yrigradurainumivis mteensd ha weestaiis by wet
et chi ng r ped

The.t or mun ek AnthAARARARY FRGehEhtre LR LERRL HITRERSH (bR IBAPAPCT
hot pl ate a6 waﬂmsmpm @@temandltflesbmd gn v botplafealk §0f€rfor Wammdtes id gneofp@bmn 50 nm
of thickn u y haV| t hi kness of . about, 45 15 JGoat ed on
top of thg’asedfﬂed]n Oml léltrsge ?fllﬁlgﬁc%ﬁl Ifl nfg'lrf? pﬁo'?h ol?kélg?ssot? rT?DV\(/)anﬁS Iled and
baked 16n aoatdﬂrrInpb;abfaheapolghﬁé}cbaﬁemrﬁlﬁo Sh@l}:@ndm prdtagesike was appitd ag b@tedjon&

m croneters. . The i st_was osed in. ecti.on printer an

Hovel ooeq ol A0GE BesoiRRor Bl BRE  daflinb ] i RieRlirt T aBfsb RGeSl in

gl E r gmat eny; hl p‘rujlaatoarphhaf hnd q@w?&ncb giud ies tafd $pacS Baveg ﬁmhrﬁﬂuﬂblgﬂ@sﬁbﬂdoﬁ hen
aked on otplate .at 120 C for 0 ter t. ba

e B TR RERY prret iyl IS ARBLe o o Do EARIAN MRITAE bl | ng
appears t @t pIoP gifoedosseldndin Afa tlbgdsial s ,@gmﬁ&mt BIBBNIR; uHdttAEilumbramarhed i | m

and creates enough def ectb t hat success L% fabricatjon_of testable, working
cel | 2<Qppé”é?|5§ seyed e Thys Pyl iﬁg gppeaggto originate from the outgassing of the above polymer-

based film and creates enough defects that successful fabrication of testable, working cell

appears to be difficult.
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Claims 1. An electric field programmabl e device conprising: an electric
field programmable filmconprising: an el ectron donor, and a pol yner bonded
to an el ectron acceptor and/or an electron acceptor, and a pol ymer bonded
to an electron donor; a first electrode; and a second el ectrode, wherein
the filmis disposed between the first %Pdssecond el ectrodes, and wherein
the filmand first and second electrod%sl?ornla unitary structure. 2. The
electric field programmabl e device of Claim1, wherein the electron donor
and el ectron acceptor forma donor-acceptor conplex. 3. The electric field
programmabl e devi ge Of |6 Held pfé@n%hﬁ‘ﬁiblé BicelRgirlsaact i ve moiety is a
pyrene, a naphthal ene, an ant hracene, a phenanthrene, a tetracene, a

pent acene, a tri phreelyttendicldprogiaptpadanélm gompugingnone, a pht hal ocyani ne, a

t et rabenzopor phine, a 2-am no-| Him dazole-4,5-dicarbonitrile car.bazol e,
a ferrocene, a di benz%%?\lﬁft_é?}b‘illfg}?&,ar‘g Wb%?frhoaa?‘ﬁ@ anaeq?cé’iofla?tcﬁ?pz?rﬂl\qp ene, a
bi saryl azg (M AR ac@piRUARId Polymefbaded & ffsle@rdd®A8ZI Ne, a quinoline, an

i soqui noline, a pentafluoroanlrlne, an ant hraqui none, a

t et racyanoant hr aqaificd@lectolicaasd a t etracyanoqui nodi net hane, or a
conbi nati on conprising ag Le st one of the foregoing electroactive noieties.
4. The electric fra¥QUBEEGraMmbl e device of Olaim1, wherein the

el ectroactive noi @hyrelSth@ M6 HispARH bBtvRLRA thd seed RcomtbeleRpsdes,Gng or
particle. 5. The electric field programmable device of daim1l, wherein the

el ect r oactwhazeinthefiyn ard frshanbysaend dedrasdenforing wjtame stadodurenet al  oxi des,
netal l oid atons, sem conductor atons, or a conbination conprising at | east
one of the foregoing. 6. The electric field programmabl e device of Claim]1,

wherein the pol yner fasleciéhieldgsédrh@naBRsdedite 0P TCldnt D wWidn theleldotrohne
electric field programmable device of Claiml or 2, wherein the polyner is

a pol yacetdonor andodégiromechypiern fpih @ donopadeyptor ¢implex.a pol ycar bonate, a
pol ystyrene, a polyester, a polyam de, a polyam dei m de, a polyolefin, a
pol yaryl ate, a polyaryl sul fone, a polyethersulfone, a polyphenyl ene

sul fide, a pol ysukf ong, cl@tROfiyidPré@ameaBR! 31T CRIAL], wikrein the
pol ytetrafl uoroet hyl ene, a pol ybenzocycl obut ene, a polyetherketone, a

pol yet her elestioaetivistroviety isa purepet heaphialeppcankantlraecneaa pdnahdrergxatetiaesnea

pol yoxadi azel fcct ARORIRS AR DY ARIRRISTIRNNRE i n o BRhiRop 20t Ml azol e, 2

tetrabenzoporphine, a 2-amino-1H-imidazole-4,5-dicarbonitrile, a carbazole, a ferrocene, a
dibenzochalcophene, a phenothiazine, a tetrathiafulvalene, a bisaryl azo group, a coumarin,
an acridine, a phenazine, a quinoline, an isoquinoline, a pentafluoroaniline, an
anthraquinone, a tetracyanoanthraquinodimethane, a tetracyanoquinodimethane, or a

combination comprising at least one of the foregoing electroactive moieties.

4. The electric field programmable device of Claim 1, wherein the

electroactive moiety is a functional group, molecule, nanoparticle or particle.
5. The electric field programmable device of Claim 1, wherein the
electroactive moiety is a nanoparticle comprising metals, metal oxides, metalloid atoms,

semiconductor atoms, or a combination comprising at least one of the foregoing.

6. The electric field programmable device of Claim 1, wherein the polymer has

a dielectric constant of 2 to 1000.
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pol ypyronel litim de, a pol yqui noxaline, a polybenzi m dazol e, a pol yoxi ndol e,
a pol yoxoi soi ndol i ne, a pol ydi oxoi soi ndol i ne, a polytriazine, a

pol ypyri dazi ne, a polypiperazine, a polypyridine, a polypiperidine, a

pol ytri azole, a polypyrazole, a polycarborane, a pol yoxabi cycl ononane, a
pol ydi benzof uran, _a .pol yphthal i.de, a polyacetal ,. . a | yanhydr.i de, a

pol yvinyl ether, & pﬁ?ﬁ?‘ﬁﬂ}? g‘?]ﬁi%‘égrﬁ@ ,albi.%. B}Cﬁ?\ﬂf @?m’gfeéﬁowergnﬁ]&q yvi nyl
ketone, a pOlyMiinyhoRatdisiea palypabmnydcPiic ddipblyatSilic8a PAYYhEWke, 808 styréhe,

pol ysul fonate, a polysulfide a polythioéester, a polysulfone, a

pol ysul f orraprilyksteraa pdyymideaa palyapuleimpidospidyasn, apqlydrylete, apalyerylsulfone,

pol ysi | oxane a .conbi nation_conprisin t ast one .of the foreqqing
bol yrer s, BPObetherSi ARy 3 Ol PRy ToF Sul St B0 e plye diERgr ¢ e
pol ymer i s pdiyegsfliiddb&@HyleSe, aPagytRhasyElobuthe laobfciiidiRbh §ofieticse of any
one of Clains"1l to 8§, erein the first and second el ectrodés are in

el ect ri cal ethasketand, awotysthendetoheketong affodiibenprxegelarmpdlyexadidzble, and t he

osition of ,the electrodes. .i.s.chan ble relative,to the electric field

P oo mma s RO iZ S AaohRenEulifdit iR si i ieling ol ¢

progr armabécgyp;_@&haﬁtiﬁﬁd@axpoly%ﬁm%liﬁ aipBFbendiRidhzoldla pdlybRiaAbIREs CONMPIi si ng
the menory device of CaimI0. 58 12. A’nmethod of manu?lacturl ng an electric
field progrdymeisomdabing, epolybonnisoindadinemr polytdiarige.avenlypyrslabigerat e an
electric field progra ble. filmformed, from conposi tion ¢ rising: an
ol ect ron RIPPIAARE-2 HODYRyFdiney b RARAIEEGAigs AP PETR A RUBPPIE 0/ or an

el ectron %ﬁﬁEwranegélgo ofé@diw&dnoﬂ@ﬂ@@%olﬂi&ﬂz&hﬁﬁt5961y991’h@ﬁde,% éfoi)faiiétal,

el ectrode;” and a second el ectrode; wherein the fiimis di sposed between the
first and sedpsmyétiés apobiosnyl stdr, agndyanyl thinethed, hpobvinl iakeonolangolywinyhd

el ectrodes _forma unit .structure, .13. The nethod of aim 12 further
conpr 1 o1 ngiseb PRk ERaticd: S5y HaS nitils, BT Ry sty S ne

conpri si nQiolﬁuﬁ[dé,cﬁg@l@fhiéé%Eer%?ﬂ%ﬁdlﬁﬁe,@pdlm‘l%ﬁﬁﬁid@,nzi p&dred, srenory devi ce
according to claim10, and further wherein the nmenory dévice is in

el ect ri cal podyrhosphasgie; & ablysidananeiaceolyslaxatet or & ¢ambinatcersemrprising at Ténst eleect ri ¢
field prog(gtﬁﬁmﬁ)bl e.deviice of Claim9 wherein the electrode is in electrical
contact wi % éeg@ll%wlyrge?si el d progranmable filmvia an isol ation el enent,

8. The electric field programmable device of Claim 1, wherein the polymer is
crosslinked.

9. The electric field programmable device of any one of Claims 1 to 8, wherein
the first and second electrodes are in electrical contact with the electric field programmable
film and the position of the electrodes is changeable relative to the electric field

programmable film.

10. A memory device comprising the electric field programmable device of any

one of Claims 1 to 9.

11. A machine comprising the memory device of Claim 10.
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wherein the isolation elenent is a junction diode, a contact diode, a source
of an MOS transistor, a drain of an MOS transistor, a gate of an MOS

transi stor, a base of a bipolar transistor, an emtter of a bipolar
transistor, or a collector of a bipolar transistor. 16. The electric field
progr ammabl e devi ce of g% im9 wherein the electric field programmable film
is switched “of f' 1yt Be 3£m%%mrwgtméf%ur% Ifl prograpmabledeyks in that a

bi as of tQ@mBHE.@E: relative to a wite pulse is chosen froma forward bias or

reverse bias.
providing over a substrate: an electric field programmable film formed from a
composition comprising: an electron donor, and a polymer bonded to an electron acceptor;
and/or an electron acceptor, and a polymer bonded to an electron donor; a first electrode;
and a second electrode;
wherein the film is disposed between the first and second electrodes, and

wherein the film and first and second electrodes form a unitary structure.
13. The method of Claim 12, further comprising crosslinking the polymer.

14. A data processing machine comprising:
a processor for executing an instruction; and
a memory device according to claim 10, and further wherein the memory device

is in electrical and/or optical communication with the processor.

15. The electric field programmable device of Claim 9 wherein the electrode is
in electrical contact with the electric field programmable film via an isolation element,
wherein the isolation element is a junction diode, a contact diode, a source of an MOS
transistor, a drain of an MOS transistor, a gate of an MOS transistor, a base of a bipolar

transistor, an emitter of a bipolar transistor, or a collector of a bipolar transistor.
16. The electric field programmable device of Claim 9 wherein the electric field

programmable film is switched “off” by a pulse, wherein the pulse is characterized in that a

bias of the pulse relative to a write pulse is chosen from a forward bias or reverse bias.
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