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TI TLE OF THE | NVENTI ON [ 0001] Menory Devi.ces Based On
El ectric Field Progranmable Filnms BACKGROUND OF THE
I NVENTI ON 5 [ 0002] The present disclosure relates to
el ectronic nmenory devices based on electric field
programmable filns. [0003] El ectronic nenory and
swi tching devices are presently nade from i norganic
materi al s such as criysE@H THEINSVENTIEIN Al t hough t hese
devi ces have been technically and conmercially
successful, the ve a,nu I . O g@gﬁ&ﬁn ' ikl N
[008Hnpl ex ar Chf\/{egx)éfyﬂl?eev%cegﬁas e%ﬁrﬁlég)ﬁ%‘?% ricati o?éﬂczf)ﬂ;t s. )
In the case of volatile sem conductor nenory devi ces,

the circuitry nust i with a
current in or derBégKﬁgﬁwﬁszW&bﬁgfor mat i on.

This results in heating and hi gh power consunption..
(002~ V Th@picicht Giswsonneuet oreldonic semansledicehasedmnsisciinficld
but have_reduced data storage capability as a result
programipaplicfiMsonpl exity in the circuit design, which
[o(%i)g > zfﬁ%f}?ﬁib’nfe?féw atnalsi’vnilﬁﬁgﬁwicemomwﬂbmﬂé@fi?ﬁ‘?é“ol@mc
( ernative el ectroni ang; a9 and
maiksiplssueh wiepisBY ns rat AFEVE] Beipvipes i beitepficallyan
cofRRYeBHiy RekLtiNaRsY vk GlinberpRitawieks iretudingredmplex gighitectures and
I npedance state by applying an | ectri alcir®hit t
gt bicatigpronss n Wp e DEYAHLF HE0renGi FER{oRER AEHEL i By ms
cohdRI R isxgppiitki Rith b LifrenB@kded Reltisihtain thetierd afarmetégn. Jais results in
useg in electronic menory and. sw t.chi.ng devi ces . :qfdk problem
heetirzgrAptl dighthiver donsumptign- M ‘gﬂt}ﬁ%e"&}ﬁ"é‘ld%ogeni de " ,
bul ﬁmfg%%&aw st&%@%a%&ﬂﬁﬁ & esdly Ahiphercooplvpiteinske giegh design,
as copper-7,7,8,8-tetrac ano%U|nod|nethane
whiGueong@yntlytiesylts o igher BIREPCERR £ %0 i nor gani ¢ oxides in
(0964121 i th&ﬁﬁt{vl‘: Qﬁ@tronmﬁéﬂor?’&ﬁ(ﬁé’v@iﬁ:hﬁg eviees bmploy proistablseedement that
as potential candidates Tor nonvolatile . MENDLIESyolying an
c4n(@ 061} veredbaten aélfghdF‘PF‘@f‘%ﬁﬂat%\?‘@iﬁ PELTBFES have bg%.n
ot AL ORIGLES JIRE Bk BEMPRN (e GBVIES. Botiasrgarwartdghirgagic thin-film
evices based on sem conductin ”aterhah%¢'H@&%ﬁmsﬂnexmnwe
samicinduaertroaterialycan papsed ip ¢leqtrgRi g@fm%a“c owar ds ’
ST AR LS pEh abmntc omplns
xanpl e, trix addressing o Yy ocation,in . oxid
copnT & 5 5Hammsyeneahinedimethang o TGN i ) §ehdrndiganic °": e?
ef fectiy dHaf \hatben &Rd afpudnsial cafididates for nonvolatile
LEEELS™D 8&ﬁ§3%%;ﬂfogations mﬁ??e utilizing a
meg@sienabl e nunber of lines for electrical addressing.

» Tor ﬁé{ﬁ{ L Rabd HavEbdeh Mapleinentédifor geatmnic memory
[@F’Egct iAo%usrl?Je? e rﬁﬁe er "o menory. | oc@ti on%ﬂi%c%rgszr flect a tendency
Akt bwitqhirigriev iptsebasedonisermisondypingFaaerials- i Thess ATHEET or

sol i d- st.at e.30 sen canoiMfLekt (SRIOFdregamplé) nitrdnddressing of memory
tgyg?%%f?%g§%§1%%ngkﬁelqcatipn has a dedicated . .o oiae
16daéion incrsingle Manesuehasraikip filr A fipplg pRdettegU YY) £ST Q8

Such communi cat | bSytiBSaRR utiffifEl a Wasonhble nuretre of/lines for
W“Hl%’g't‘%élﬁc,esm I %ﬁ}nlgg’ lg%t“gl?sm ned by ?he i nt ersectj on o

I f
adtyricavadebsing) &Thds for asguare Frd Ravirjgndines {n twg given directions, the number
O oy Io¥larloSl RInE Efhil B L& iileRicA@E t Otinfbei oftsolihelate
W‘i’é’(/{—fz’xﬁlo\%ﬁé‘t’?ﬁgg grrl&ﬁ%ﬁh% g I atli}n?ee r?enpr g\ 1 (?l enent ectronic
Ehcogictbrineherise dh iseah spsiémg, eachmemery 19631108 Gt edjgatgy) efec

éirscgilt ?&alt gorr]mr(?uen\{clza e% e gut?iﬁe.afﬂlch S&hRAbAiefion 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
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di ode to enabl e addressing with reduced cross-tal k
bet ween and anong targeted and non targeted nenory
| ocations. Such grid intersection points have been
detail ed by G Moore, Electronics, Septerrber 28,

1970 ..56. 5 [0006 | Li
elqgﬂyﬁ\/ hgtgpfi g\tmqrypcglrtélﬁxéﬁ\( eer[?gglg}{%eagﬁsollzﬁlpp g%%etsgc as an isolation

didda®o SHabld addrBdsRp e hirt@idedabdtialk betwaeh andraimons tatgestlabdl eon targeted

materi als. However, man currentl 0 t
mewiocalions | HSh BB Eietraoon FUNE Pl AL G B Fbre Blctronics,
Se {eﬁlgggzgr@§7é)qbggcat ed by evaporati ve net hods, V\,hl ch

re expensive and can be difficu)t to contral

[0006dii t i Ssmerak wolasile apd apnyolatilememery glsmanfs avg#)]eg}_xgmp%%nented at the grid

inRRE&{ch g&'nIlesxan Larf R bistasle inttekrfais! lmwb%rtrﬂ:ﬁ@g:nﬁahlyemown bistable
rangi ng from conformal to planar

B wAmagenpo R S ATIE COMBENT SCHATR AP ET £ HpRrave methods,
wiiB A& Ex fxﬁv%ﬁ%?x@%é Jitfichi? BPETRASIN EP ARt Tiht R Disefol films do not
for

unswt ricating subm crometer and lto ol
afmmnepmmm@aﬂoefabewé@s Filses 18 (pOEYPRicHARSIRE fremE fpgrmal to planar.

BidGY! %?rﬁ fag{léa ed u?ﬁmg ?5] RBESHhARLR ahd pdctASImBEer are generally
conte i dtured by standard industri al
inh@hdgedeus brutth(trhfererun@tp@b'atf?rdnbrrcew subsicFyrRter ARG AEOTE(GF-§Fale
elgcgrlgﬁlc ma()l;])(/j ard S0 91} I'A%ge\@r%? t ;ﬂﬁ &Bér@xs’tameq{lﬁﬁ 64n B ToRWAIRABIS -

genera romt ermal 15 managemnent
mpniufh:ltlfrm;by dumd@'dhm@htrlpbmho@dng mmppgﬁlqnéwlrp%hlgh egiperature

msaf&d%\gxi a?{l%ah?lg atth %ﬁc{ﬁ elrawtﬁ)‘ﬁgﬁﬁ‘ﬁs %ﬁlclﬂjﬁlfnfs%ﬁéﬁll)%‘hff&rfrom thermal

cond nonconductl ve" "st at es.
mbhdgtiedt peobéems, Ihﬁe high @owercionsuiniptign Gggfeme@tsaqndrﬁff@w only a small

o f ot hatasiBhaRlACkatks dpMieAnore,
%glr?etfgflﬁfeéeg iatan betw g‘ E H&gen%l ty memory storage..
bécalMa FhchAime bpbratg ht}hlght thap@rammt n difficulicde design stagkedfjeyice structures
for i ed electric field progranmable 20 bistable
that ?IWW{) ‘¥en§f'y PRy &P aﬁ% subsystems in el ectronic
[omvrp ry Aamidmg!nyithdfre ropaiieineedin thewast fof impreyed |glegtir figld pgggrammable

bWaP% gng atg%) k}saeg\\‘( %s:j'e I))égg{s ird cﬁlto[li%?n%}] Q\d&%@“ﬁf&%wces, wherein

opog I'es. Further,
sidhaM@s b o apgied 16 Narek)enzftsnm'@s neirmqucghwﬂswtr@m qf gefinable

devi ces r 4 N
tonogaRFS: %‘g’n‘ﬁ?fg&’?‘ﬁgﬁ a r(l:eaeﬁ r gle%trr% éﬁ'&‘:‘%&%ﬁ% Me afgﬁs | y e\gﬁes comprising
el @R FRRIrdEArmatilibistabla Gins Wancae beprodured mgfefegqnlymgﬁ gnexpensively

useful differentjation d hieh
RGOS exiEA P P ST P R acifly and i
c@ﬁ’(ﬂmtﬂh%ﬁd@' thﬁtﬂﬂ%i fe@uted pswendd themal canirdyeenss and khaticanrbe stacked in

various_config tions to fa rJ cat i c devices
V@ﬂ"%l"@h‘é&““ﬂ’é’ﬂ%‘l"t ricHERICHER! f%@ﬁﬁ\ﬁ‘w [ 0008]

Di scl osed herein is an electri c field prograrrrrabl e
filmconprising Iectroactlve
noi ety. [0009] Dsﬁg‘gm}'ag 00 |s an el ectric
field programmabl e fil mconprising a crosslinked

(0008 e rDibAysed Berain iednstdctrifiettbprogrammdple film goraprésinier on

acceptor d/ or ,a donor-ac eptor corrpl ex covalently
’Ujaeaﬁ%a"c‘?]"c?ggi‘cinﬁﬁglaleﬂol yner. 2 [0010] Discl osed

[h@(‘ﬁ' n D@Qode& hél’@m%(ﬁl@hﬁ electfic fitld pﬁigﬂgnmbiﬂiﬁhecomphﬁﬂg a crosslinked
conprising a poly erejn the _ 1
S om0 e SO e cprcomples
J@Elgﬁf}r%lnaéﬁ() @re crosslinked polymer.
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(trinmethoxysilyl)propyl nethacrylate terpolyner, a

gui nol i n-8-yl nethacryl at e/ 2- hydr oxyet hyl

net hacryl ate copol ymer, a 9-ant hracenenet hyl

nmet hacryl at e/ 2- hydr oxyet hyl et hacryl ate copolyner, a

[ﬂﬂm Eglpllsﬂoquyé}egerlrr?{ola ?slc.:ﬁrg%/ %“%%ES?C/ ‘I2 ﬁlg ¥r)05 rr%rsalﬁ)ﬂﬂlm chgrlslng a polymer,

whbRInRRd polfhier iga Qaﬁﬁﬂabﬂ‘namethﬁn‘&ttmfylam‘t-lhadlpyyeawbmetaacrylate/?;—

qui_nol | n- 8- rylate, or a R
(osiigr PR meRacy s oy e s aPpp HEEYATRKPac bydrgrypi
metHacr§laRop Sl @b, X9—aHﬂﬂta€&¢éme&@MﬁétBi&j’lgtte/ﬁehyd&dyettlwl tigthacrylate

B N et

mehﬁt:rryﬁ&e\@l%olyﬁlep @Rl AP Bnenitiyl mﬁihﬁcﬁ}/lhena':‘qmﬂoliﬁlr& ]thn)ﬁﬂmnallate ora
fuorenone, a_ phthal ocyani ne, tetra Pror?
conablgatmcg@pqlq;pg #ileastone af t,he r?ﬁo&grp‘g Refss AR an e ectroactive m01ety

co%ﬁéélﬁg%ﬁn(ﬁd tcPthe f)&&ﬁl&c &h&ein %e@l&&ﬂi&l@@ﬁhbﬁ@ﬂhﬁiﬁﬂsesa naphthalene an

lazine, a tetrathiafulval ene, a bisar
an@)ragmp, adlen@rﬁl@rm R fetrageRe, ANCNIAreRe, atgplmq@]ﬁxéez? g}/ ycgne aﬂuorenone a

phﬂ)lrﬂt Efalnln@ te@iﬁ)ehz%g hie) 'f‘zﬁnln&lHQHﬁ(ﬁfzblHﬂrﬂQﬂéﬁrﬂadnﬂﬂle @éarbazole, a
agul none, t racyanoant raql.“ nodi net hane

fer@tneae yléonwghamahqmm ﬂ&ﬁ@thlé?mea a iesigthinfpualensna E‘B*Iﬂﬁlr“lz% FRyP- 2
corraa'iri?)? %ﬁrfa éhg}n o PLAERINE %G SREIbRRSH béﬁ@afﬂ@ioﬁﬁlhﬁﬁ an

erel n toois a nethod
antheaquinand, mmagyaaoan&r@nnmdenﬂham @ twasmnamreeth% G

coglgqp{lonséorr}%ng’ﬁg gtls‘lEJs{ O olf' gwg%@gcﬁﬁgjéé&ﬂﬁcﬁwe fhofeBPOSi tion

electroacti ve noi et Yy t hat
[00151] c omkma yerbmmi:ad amthotl of panufeatiring[ap glectyic fpld groggamymable

fllm,cgg]@gxglg$ gefposmn% a3ha s@lgsg'gtg SSdd oﬂﬁ&h&dﬁﬁm@iggﬁ 'bbl%fn@lgan@ ;n

Xecat | an instruction
eleterdadtiee moiepy thatiingpvalantt t@odqd to tifejpelyanepr ogr armabl e f| | m

[GQ{}B rei, tlcr)]seed %erel%tt rc% & fdlat‘::i Q)ap sag rrﬁmﬁpl:(ﬁnﬂrisin@aQ%@srsbﬁﬁﬁ
I cova to an | ect roactive
ex@Ritiak yn manmd:ubmrahh e mevdoe;r@wne PWeprrﬁemﬂfleﬁ'@& ifild pragrampmable film,

RSB TR EbARE A, RSy o o

clstioadnBt imiedf, amhfuetheotireren the eiemomdfgrcammblle@ﬂ?ql cpfpmunication with

h%001?]S Figure 2(a) depicts a cutaway view of a
PBEE Yoi nt array data storage device with a

contl nuous el ectric EES!IRiP’ﬁIQ)@ﬁErFﬁ@URESfi | m [0015]

ur e 2(b i ct i nt
oy “Bae Pl gyt o i ssts R o BpRi e pe
(mmel aF@dre@J(@ abpslue a biawaly vievo of ammomt firdyndagd storegetdgyice with a

10 [ 0016] F| a&%%bg |cts a schematic diagram of a
CW‘B%@‘SﬁﬁFtﬁfﬁ ,pgggr " nprising electric field

[ 9P apTzaR! zeb)fdeblms alcemmy dipw oD drd}s-peiig arrey Gtbjtordgsrleyicg with a
a schematic ROLAL ray device

PRIEAbY ‘?féﬁ"?‘?b“edé’lheég’(cgnlfiom?%?'am()@%ﬁr a?ﬁ%ﬁlﬁge filmelenments;

(403611 8] Flgu@(® dépide Risctematic dingramay a pass poirtlagraydgyice demprising

vi ew of a st acﬁgﬁcli dat a storage device 15 on a
elgets figldpeogragnip % 5 depicts a cutaway

[0 i alFigirep) &gﬁg a\éblﬁéﬂlaﬁé diagrainaft  egbseipdiam ashypdevipe comprising
devi ce '

electric field programmable film elements;

[0018] Figure 4 depicts a cutaway partially exploded view of a stacked data storage device

on a substrate;
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on a substrate; [0020] Figure 6 depicts a partially
expl oded cutaway vi ew of another stacked data storage
devi ce conprising a substrate and three device |ayers;
and 5 [0021] Flgure 7 provides, in a cutaway,

conti guous, and expl ode

[OOijr ti 5P dﬁpletéta gutgs(ve% ally g{ﬂgjlg%ed(v@w \Mq]ﬁla sﬁa\@ﬁ% cfataastorage device

e nenory

OH%E i.s are isolated by j unction di odes. DETAI LED
SCRI F”TI ON OF THE | NVE

0022]. 1n..on | PNk
[0020e pBIgYWérdeP‘ﬁ'éta erglly. epioded v et P @O feHRc Al orage
dcv?f[e ﬂ'{l'%’é §ibkirdidAndifted Seviensed; imd ei t her an el ectron
nor and/ or an el ectron accg}e%tor (ag (g ﬁ@cﬁﬁf)t\rl%ofa

[003thor Figeeedmroyidesoifgicataway, conieypyie f 4k ARG HP
por%% ¥ Pdatd @Lge’ Rovids fwHith thb meloBCdldmdntsiareiselated by junction diodes.

progranmable filmis crosslinkable and is bonded to

ei ther an el ectron donor and/or an el ectron acceptor

and/ or an ODHEQMLEIEE)%@ERMI@W THEQRVENTIONND! ex.
The termcrosslin [ e means that the polyner chains

have an average functionality. :
(002 ban beaasni e PR e Poed i (B ey et W‘Fé’g‘ﬁ%a‘"e film
is D %ldé/(ﬂ% er;théélsag glei:tl:bnt(faﬁorea!n%ﬁ i Gechriof h&eﬂbﬂ@ﬂ@méjb@roh idbmar-

av ectric constant of 2t %gﬁﬁ cmcp‘?d
acelptm domplen. , Inanethgs gmpedimentgthe geﬂf/Fch‘F‘@h% usef P P an e
pr?%ﬁ%mlae le ﬁﬁxfis%fo@ﬁ?lﬁaﬂl@and% bt AREitRErQh eR6EsH doﬂmoindllon@ electron

position of netals, etch barrier_I|aye
actepyoe msd/omaptoplionabelestion donos-acqsior emeRlsxs (e %Ei‘ Sossfikible means tha

th%@(}l%%tfclhi?lgst ha\(€ aff 9\%&4@@ ﬂﬁlctléﬂahiy%f ?}eﬁt@r Hes2 htldak bé Bondedi® one

i mpart low | ével” of electrical :
ancmadﬂdtsnrvdty to the electric field programmable film

[0h$.sét hepo ol us%B M e é\@&inc 501d PRIgFintmo filih Bl ave h dialebtyic constant

con ratl on of electron donors and

et a7
feghdaRr hetraen 1b tal
wn.tlgsﬂng pr(%c stses 1§ ﬁ‘% lﬁng déﬂgﬁﬁlog ?grPgh]F Seﬁirhead ll’ 9g}§ oo WGS :ne _
prJ:\emrsr pb@brengmd@wpmﬂgo}wgpoqﬂng ﬂblp 91‘% peSPr lf’ gfﬁner 0 imp
fq%/ule\{eell IOP %ecgl?c%i (.ﬂ'l%lt thd amtrlc fidld Fﬂo‘graﬂﬂ&bre&blnen fher off” state and

rlca curren |nth§ tors 1o enable
tofetrhie fdr@ sﬁﬂﬁatemil)rhlgth@ncmmtlorsqfﬁeétrqrbdoa@rsg'xp ché’iontaﬁcﬁﬁ ofs,to

a é\?ﬁ‘ll(élﬁléh(g]l 2 cond%flavig}r £ EFont B3R O thabifle! AiffetefcelidBvech Eier'gff” state

Peat er than or equal to 500 bein

2Bt har sexedsqradily q@em} Elnctm?/l efriductiyity of the Al RET i ?Pé%‘hg‘ or
%ilag OV%WH’EET 1 gopm 1and g nge dlra%ieq{)netﬁe o 3N the kREtiEAl Gurréng incthe “on”

| i't'o I scerned readily while an L to 100
s@R/ 1o Hat inatid tmftg serttebe grhater 0P givabigsS, Witk sregisr thag arequal to

"off' sta &. an
veiiE ot PR BTy e o AER SR prink SRL haBBlE- A0
[0024] ' SArAinRSf tado preateli tbayey alloays thpsiont enddioffy staleppfgpelectric field
p;(?gtéélll%g'\l}] ecélmbt?g 6)? 'g(egﬁ%l athg UHiTESH o rﬂ&’? ratié %wafe?{ﬁﬁﬁ"l(ﬂ) zﬂ]ﬁ)ws the “on”

evi ces havil ng ngedan
an& hSte’ iRt bé dis@emad thora lea}il]yramhgn m/gﬂﬁ eqtlogﬁéga th@b (I)Oaztlﬁogﬁ the “on”
require | arger. on/ ff r at ﬁéeé?l&&hﬁath
apg\?\%ff Eesdey Be ?“é?f[ﬂe st IE 1ly n(é#ﬂlexjﬁﬁoosn gq)%\é?%t Fered i | e
ARt RbADbAhe devid0 Eb] exAmpls! dﬂvads ey g i shpmpsdangessenss applifiers and

dielectric constant of 2 rceT 1 wer spe
rg%n@qlrgcqlgﬂeésgg%gqemn (C&gﬁfb{a&% %n%f? )'a(f‘n%? \Jﬁﬁ Hlsrfeq SIS ng lower speed

e nat
ARfiRMeAS shAR: B9of edids htedcc&pﬂhlel hat "on" and of f
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swi tching voltages are engineered to conformto the
specific requirenents of the application. Wthin the
af orenenti oned range, polynmers having dielectric
constants of less than or equal to 5 about 4 are an
exanple, with I ess than or equal to

(002FHoh haswecsbarppelymTdRgRRAEIsFC FASIELE 588%%%"5%“% The

dleﬁﬁﬂ: Q&{staﬁk(@%t&l by\% Bh@lh‘ tnatriX f4ietian gantt2 sblectédnaklthay on” and “off”
y, It 1s believed that polyners wth hi

swmhheigewttagee arg GREineerRdJO ﬁ@rﬁorﬂbtoa%‘fe%e%ﬁéc AYEFeats d’g& ¢ application.
AVng gfok1 ﬁoneg \Aﬂn%g ?o%e)’sq{at/ﬁ QRtlectrie\0Bi@ints dﬂﬂsyﬁﬁ&i 6r equal to
aV n

tric cons ants may al so res;i) d "
abcmpplaree?d ekanaﬂd withilens than epequakip ghguy 6 briag apotliee pPrasyple, an grater

thag ﬁéou?g b§18g ?% aﬁ&ﬁer%%rfn} Q' Wﬁh&ﬁllﬁtm t6 8BObdAd b9 theory it is believed

neere e needs of apartlcular

thaapglj/mera wiith highei dx@]eqym sometrgs Ay baeped i predyse dovages pavingdower
swttﬁ]nié(ﬁ)gtéges aFId}NE\;eIP ¥ lﬁl@m? Al %aéc?n§ébﬁhalﬁ§mﬁ 8lso respond to

programmable filmand the area
appiid:blﬁel’ﬁkied)uhynm'df]ﬂongpNam!lthbbist davicelseaed prriergiching yolgagesrsaa be

engp%@athﬁg%ﬁq ¢ ?ﬁn?%%t% raréhcgﬁx %{Ioﬁhgzlu%ﬁ Lglh%‘)&hﬁérg having various dielectric

i Ononer s,
coRkBdmel dndher devizp phrynietes ssehcds tlwhbkmkofahﬂjﬁﬁémwmable film and

copo raft 1 QpQ star bl ock

t ec%fﬂﬁ“%ﬁﬁ‘ﬁ% bygl? ‘f"ﬁ%mﬁ?(’&tog e!)e\régg‘{egonbl nation conpri sing
[06d6] ITR@pblyaae thaf mhyibe ustd nm@;@trwgiwwmmmablwlmwe gligomers,
pogi?lg\é%e, ll%lhll;]lglarfgflxr[lrlg?rfg /08? % CI'S UCH qgglo&lpan% rmgfn C%BO 7mers graft

ect ron acceptor and/ or an
coﬁ&&ﬂn@x@ Adtar BlRK EdS;Q)lyncbﬁn or t-hahkxe pt Dcontomibe gompFisingal lsast prfef the

donors, electron rs.and the d
foregoing p%lé”@érﬁt 6 ety E.é@ %ﬂlgn IS Wf%b el%o\?ng%({/ lglglélrlerrre algj elg%tron onor

and®k ﬁlﬂk:)llE:&fbﬁtabdéﬁtloﬁQidﬁirlaﬁ Sptlonmlc[cﬁgﬂac}not?-?chgpr @mpigye heelectron
Sui t abl e exa es rs tha e d
doBpgscglegtron pchptars aml &jf&ﬁ&ﬁ‘é‘g‘f QOL-ACCE ttcgrcgglgg esUrd Qﬂli:&wh'? %ermed as

yaceta
gmghu@ﬁbyhbﬁﬁm;polycarbonates polystyrenes

polyesters pol.y ) - field
[08271y ar yliust 2EPeahy 3&?%?%%"??‘81% gtnl])opy r?e;;/g e@%ec b yogtl i the electric fie
Rl RRSRYINARR po@dl:étﬂd@Slyacﬁ@lhqtSpﬂl)fcarhesatesppﬂlxatmr@g@olyesters
pol yet heri m des, afl

p@mryggshgqlmlgﬂ@yes pB aﬁe[fo ﬂ%\ﬁfgé sb%o ge’thersu}fones,hpolyphenylene
S\hf??e@ NSIYSRIERRE %olyﬂﬁ’ihé@§<51zéibfe’iﬁxﬁHd%Spolﬁakajhlmekhalmﬂsamlyegﬁrketones
benzot hi-azi nophenot a2|nes B%%é %Pto 3éﬁa§§m
pyliethas HaseioDeh PABBRET Rriges keiqger PRy PIRETTIET B Hog
p@l%{)éﬂg&hﬁﬁ}s@dhbﬁkQﬁulM' M%Giiomlﬁalkwpe&pymhg(mmondmbes
yoxol soi ndol i nes, ond|0x0|s

0
pfwbmwlaﬁmwés polyawipeH Pﬁa%‘%gz‘mH%F?jﬁ g‘g}f% nagks,
pglg}))yori)%ﬁrldmlﬁk@Spolﬁmxﬁﬁblﬂ&ﬂingd B@l§tnaﬂﬁésyf>dlyp@'bdhzémas polypiperazines,
ypyrazol es, "pol ycar bor anes, bi c clononanes
ppbpymxmmbmmeaﬂges pRIYGitRlstalal Ry ZO%‘BIP JEELAS)

pgﬁk%a%ﬁ%%gﬁdnq o'ﬁychl&?%dﬂ(ﬂaﬁhy bolgpHuRiges, ﬁ(ﬂ&@éwals yﬂolyanhydndes
|

ers vVl n al cohol s, 0?\* vY F t on €S\ yvinyl halides,
pplytvipy] atlydrs, nalwaﬂéhwetb@ﬁ polymipy! Aicahplsi Hé’iy e “3&’}}%}1" yviny
g,lvf;.&ﬁ?lyﬁé% %o”}wu%@ @&ér%olyeako\f.ﬁtui fpbtf}aﬂﬁdd@ Qoysickibeseesd, polgsulfones,

ppl)'klylflmammie_y (pbl(ybngasep@;bgn%igggfgéﬁhapg)é(ﬁlé%sphazenes polysilazanes,
PR S s, o kPR R Rprie d B ot inforegog powmers:
[peR8y erSuitablf &0&B)es Slithe a@noéyn@xsaww bsrusgdia thestss %Eﬂs[}@
ﬁrﬁ!)qga}?.wga%lf ﬁgrémcl%ge f({}) é@ﬁer%r fe chciylcﬁ\ktﬁle%ﬁtaﬂfeﬁﬂitﬂmbbﬁne

Copo tercar nates acrylonitrile
but adi ene styrene, styrene 5

5



10

15

20

25

30

35

acrylonitrile, polyimde-polysiloxane,

pol yest er - pol yet heri m de, pol ynet hylnet hacryl at e-

pol ysi | oxane, pol yurethane-pol ysiloxane, or the like,

or conbi nations conprising at |east one of the

f or egoi ng. pol yners or c ln on g
scry et EEb TR HORSPSEr R ey R s abes 55 BER IR B
polps?lobzli?ﬁ %@yu?&hzﬁ\&-pbl@ﬁﬁkar@@r tﬁegkﬁaﬁﬁcoﬁfblmtlbh@oinpnsmg at ]east one of

copo Because of phase, s
e PRSI SGPBRYPE SBE BRI AY, s Ser sy puch S
ﬁﬁﬂgh&ﬁtoﬂyf m?f HehoRdcAck attl@ast/\diﬂef‘sbglﬁd'iﬁyf aﬂﬂ@ckﬁ:@pﬂkmﬂt Il%ecause of
on

M xtures_ of polynmers may al so

us
phase, sqphr@thg g@te}chopf doBpy aﬂqllergql%i:ﬁrﬁﬁ BFCEPPES Ay S Sinto d%mams of
the'ﬁ&@kw ﬁlrclgfheg%]eXH@iéxtl BS‘ndé§ed it may be desirable to

olynmer that is bonded to éher an

looamect Mixtuces nbpolymets may also bq wed inghe %l?fé’é"p‘i“’d PIREMg)2blg film.
When %:)t(t(lgg ?ﬁ&%er?ﬁg e m% BPUh& attO tothik 2 fﬁst%@@ﬂi&ﬂthat is bonded to
one enb |nen t he second polyner is

ctpohy eﬂe«rmrdanorrmwomn asyon HrseplEngion A LAY BRSfAEsaPOpcomples

R Fisa QoA anl A
o AL A0 B s 0
nowwaIemhaomwdtrpom@mwdgnon andfqrag § eF‘FFR‘a?GF"é"Of andiotan
elegt((’?rv?})gm ?cc?;r gl cB : ’é‘ﬁgefﬁrss?{nrﬁg)ﬁ 4 f sp&ha PRYSer 6 BéQPosslinkable.
Sufsily earpizs af ﬁmemf@niymrs|mhbi@taawm;anele@gaﬂ@n@styrene/nylon

lonitrile en r Shloride,
poB' Wée{ﬁﬂ:yé?{gmgetu%z d}en DSt ygeing ra%ﬁ%nﬂgg%ﬁ)ameéh? nglre]lgcr/ﬁdiﬁﬁmyl oride
pogﬁ)hﬁigleﬂy ttér/popslyyeae) ﬁo@lpbélarlrny ktherfitytan, polysulfone/acrylonitrile-
ut adl ene- st car

e e S R T
te@ tljzﬂzﬂé kp@l’yaztrﬁérmml’ppmbhyleeﬂ erdpbthelaiei thexaioptastic elastomer alloys,

@?‘5?5/? tg(i‘;lg%s{eel stomers 0 ))J ?%%Pe te@éhtﬂWat@)p@ﬁlbﬁgrﬁﬁesterephthalate

acEtﬁF/éi@tHrM s@tre{cpﬁdlgibnnhydrﬁn/ecmbnaplmbphéiem gyrene, polyether
acetal [ e

oG S o E LT AR RO e ylenpalyagpal o the ke, o
C(ﬁlblrﬁﬁbb‘s%h@ﬁsiﬁgateéabﬁ)’nk of ha édrpgmqganixeu@lﬂf polpmers.

ol yet hyl ene/ nyl gn nej/
08}%6 A% notgqe)eH)BX% gte p8ﬁr % rﬂ%?y l?egbloH(ééag{) X%%géx?élgcrt]xgﬁ gBﬁlﬁ and/or an

elb@of A&dep@r Mdrdr dh Bptionhl qmatrymr&r-ac[ceﬁlaﬂ.ﬁbnmbxn Sudboading may be, for
t he pol yners may be .bande

exapRlepbe %pdaleréq b@e IP%W 18188 g?ﬂ H é’f%r? {oab?])“% e%&%&@do@gﬂ%d/or the

1 Oha
el@ét%taﬁ&ﬁtomalor the deiratcepoipdngplexeStocthe bcdqu:rntge pelymerds

fo | ent bond dkable
oo 8 B 265! B SOTRS e A0 BEPe Sh

eRinfpids fonhnaﬁ&ﬁpgr&I;ﬁ tia 6k 0bvaldnety tamied teetbebqoklmmne obtxp pelymgr and/or
to the paly

S fun 0
R L
bR VeI Eps lc@lﬂr(lg Q{’@ltl) gﬂg glfdiﬂbs‘,%ﬁutﬁﬁ gfoupsg bnma?{l andjsesompdary; 4mipo groups,
are coval ent onded to the one of t
hydrep b groups thie ggPBE?pP‘t%%h'“q g °%Pév§f¥§§‘{‘1 %7°‘b°ohaé‘n§° g‘%‘% boxyl
gEJ gsc LIdORydR GFoRPY, REtomd\Ehis, 18dtaife! dréitps,daunan groups; Earblexylic acid

groups, chl oro oups, |od ro flu )
aglry@g@esgroms, m(yyl&hﬁl(%(g)%ﬂa gwpsaml ﬁ)gl @Lgﬁ% Blrfomc acid chloride

lﬂ?ﬁg{ OKYephSHiOARBgroif! Q)&)@ﬂﬂﬂ@%ﬂdl@ﬂl@ﬁﬂﬂﬁbgrﬁ@lsga’rﬂmps , heterocyclyl
I'o groups, amdo groups, carboxy

gaiucelﬁgrdeergﬂ SIOUBS, gmpwpgﬁla@BsCYCﬂ%@‘b%‘Yb}Vg{?g qlea'c’E’lgnF e, Co,

ng DURR: TERPRX VL W, ﬁ%l@s h?@n@ééﬁ{a}ﬂgro%@ulnﬂ , gr6uPk g daok yatkyl groups,
o cthrlde ‘groups, onic acrd groups, sulfonic

aC|d chl oride groups, phosphonlc acid groups,

phosphoni ¢ acid chloride groups, aryl groups,

het erocyclyl groups, ferrocenyl groups, groups

conprising 71 5 cycl opentadienyl-M (M= Ti, C, M,

Fe, Co,
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s{tesraf RgaHEaLipa SHp) af Stprreawro

35 N, Zr, Mo, Tc, Ru, Rh, Ta, W Re, GCs, Ir),

het eroaryl groups, al kyl groups, hydroxyal kyl groups,

6 , al koxysilyl groups, al karyl groups,

al k- hetero-aryl groups ar al kyl groups het er oar al kyl

grou est er rboxylic Sh agggh I s,
allgcrxcrﬁr grogpsc ﬂﬁﬂiy 'HJEp?gk g%fﬁ?r [ Siehg pg%}anﬁ'? é'%‘&s econdar g grotp

esté%%ub? Ichib8tyic atie @hﬂbﬁ alcbial @fonps uloshql Exonpcompribing yr[n‘pgy
acl

diicarb lic ag i
e BR PGB B s sy s

oxy | ¢
gro?rfs! q 39{{1&Wyllcvﬂ'éﬁfﬁbdbsm I\Lalﬂ(hreSdufdrblmyﬁc ®id gro@s wherein n varies from
n- al kane-di ol groups,

2 tq\Pian.aiatkape-Jigl grewps; ‘ﬁheéﬁn %Em c{n \Zf\elregn g Vhrids 1§£}gamount of 2to 9;
1 21dnélrl§jdngﬁ{ RAXlel erodpd; d 3Q§c§aﬂfoxglﬁd3d¢ﬂﬁesteﬂ.gr3uph ciaylgpoupk,iepoxy

ter groups, vinyl groups, epox r .
grauph pefrydsopy alkrnpicoicid SRR, Yhsupar ‘W{E‘F‘é%’r? 8‘ ‘1%3% fny-} and m varies in
an 8:%8&“”0 9o ot l))gdl%ﬂvo@“g adll gﬁﬁlbsﬂﬁavin@ 6 taD2 éﬁi‘ﬂdﬂ’ﬂtorﬁn‘ héiel'oﬁryl

f al oxylic¢ acid groups havj g 6 to 226 aigcé%on
dlmbomslrc ah@tgecrlmahgwimg oA cHEW AtPRms.FEY! 8‘08 BHRNARRG 05
atomsr e%er&?glb(ﬂg é?(;ug avir Yib 24 b&l‘borgit&ﬂp%yﬂ}ﬂyy}'aﬂﬂ cﬁrbbf)yhﬂﬁcrd groups

eteroaryl di ol group g haVIE% St 2? arbon
hagiag bon22atadws atmdrwmﬁyrer@aﬂﬁerkwhe add gpugt sips - o<t ©

havi P8o@sC1MB.dicarboxylic acid ester groups, 1,n- alkane-
gy dlﬂ)q(ilcaﬁ ?\élr%gagfa%@ é;'rg%xyl ‘c aci d groups ha mgr i‘ 4
d@ibotx&ludmlﬂ est guowps, Whereigincarigsgn gh pROURE P2 todfary! digrBerylic act

gar bo { UhSirbok vl Rideare having 5 to
‘”ﬁf@gP%b §¥%%? ggg%%gﬁ%ﬁggﬂ Wheroln n vari es in an

21adrbon htom‘s @dtomy@arwbodylwmw ErouRsdiaging 849 4 CAOP DS,
hygaoxa hgtgroarry? ) Gt é'ﬂ{: St es@ér%%%)s het PBnY kallbr a6k9%Y the tike, or a

rou avin 1521 carbon atons,
aﬁmyam}gnsmgratjoasybnemf §I§I foreg@in®r groups having 6 to

[Oéil[] carpy nxaantl Cfcg?blymlay %; 13? %@tﬁ @rry}r{clz fepétt Gﬂl%yrhdy(haﬂ&bdﬂmd

er g vi'n car on atons, .or the I+h b
eldtroactive nwtuunmuadmd ¢cotlrrp pplgmgrgchgm as gders ingysdapt fashjen. Thisay be

. f ?@ﬁﬁ ?058&%1%}'2&) Ir%;l' elgrﬁérrz%%ﬂﬁ'ace DR el TateShHiéh has a bound

uni'ts may have ‘bound "
eledipadtive anidiy(e. gmheea “argigacent el Epuphdn BB EYFRplary Frpqdiment, this

nﬁgﬂg%tg?r{ éso be e?iz:%]d %%p l:(%%fym-gﬁkéi WY oth& mofBmers having

yNeri zi ng
u@saﬂﬂitéﬁll’ ROPY @tmhtahyl‘l ®5e\ﬁﬂ¢almry>kaea1:l@dm1kﬂ Kmpgaceylatg, (GigCr linear or

R

od ment, this” nononer
(@,l SPLRAr &QJrMﬁ'ﬁd’dl) Zﬁﬂozﬂhyl /(meth}aorpbitey @.@Z brpapgribranshgdd ]aaloalkyl

mononers hav r 7 a tri-(C-Cy;
(PEROTELE, (8 e TR ST A ARl
nhéa@ S%raﬂhfﬁggc?m%?@lgf hydlhea[yabdagdhe%@tymmh)yqralp@ 'such as 3- d
o - h
(t(rﬁ@fl}q)(ésgp'l)-lpmpél m%%acp%qe E th aégqul}/e I)gcb%lgltﬁ C(ﬁl C,. linear or branche
)flﬂ@flblf;{dryl((ﬁemm:@mtg{ l(Gst-@m)h(el@toaiW(méth)n@ﬂﬁtCOW1&7dHGﬁéﬁ)

Se: & neme
bwphqd%yb QFWQI‘%FI%{%%V%/ na%@{uﬁv orltl'é ik ke Z@t%:r;ngﬁveg @Qﬁ!ﬂﬁl@é thyl

nhetEATatO8r OdnaisdRAhetB k@ylyi&lchlybe c(o@b]—y@?nzekhm@aﬁheg monomers having
branched) al kyl (neth)acr % ate suc

maePyPh £ Hieesyyms Ao "
g[F,Ellg foxy Stirent, 1 2 B64 (@ -l paiicih etgrene, 2,3 or4( 1-Ce)alkoxy
i fy%c%j%ﬁ")ary? zrret h) acryl at e,

S@@&eezﬁwh@%eroaryl (meth)acrylate, (Cl-C7; linear or

30 branched) al kyl - (C5- C21) heteroaryl (neth)acryl ate,

or the like. Alternatively, 9-anthracenenethyl

net hacryl ate or 9-ant hracenenethyl acrylate can be

copol yneri zed with other nonorfers having sites of

unsaturation such as styrenic nononers, exanples of
which are styrene, 2,3 or 4
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acet oxystyrene, 2,3 or 4 hydroxy styrene, 2,3 or 4 (C
- CO al kyl styrene, 2,3 or 4 (Cl-C6)al koxy styrene or
the like. 7 [0032] O her electroactive noieties nay
suitably be incorporated as pendant groups on

[00%%&55% rl()::lfglygoylggp%rrgetyesglt&?@e %gqr&?rg e(g z%l pgn%ggrotlffssb%d

Inear

(mgﬁﬁﬂﬁn@%ﬁdﬂfe\‘é (THe€e ihcddde (bllJoS(Bﬁl) fﬁsdﬂgmgmy}h (meth)acrylates (C;-Cy7; linear
acr yI at es,

or Qrﬁg{h Yalky 9q2 fuse«tpn@ryl) (meﬁxi%f'ylgfsn gtg )et{lse% r1¥|g heteroaryl
(m?ﬁﬁ@rﬁ'ﬁﬁg) (@‘IlJ@{l 1{neS-deBahcHe URBGI(Ch-TY) hﬁéc&ﬁx@fe}blroaryl (meth)acrylates

megpj,lo¢@y}?(g{§gﬁ;tryel;§% qiglg?esif?xléécggy érrfglagry ate, %ﬁaci: te%atﬁa&n?vaﬁme yl-methyl-
(mbfaE ALY Bl VAR i cMyAmidgeet h) acryl ate and its

rumand tellurium anal ogs. [0033 J[ {‘] .
(003 Ionaherg cames g ETgH SIS HOBUIEATY P Sod ot moiet can
be olegﬂerrl%%(iui/&e o&}ﬁ?ﬁ\%ﬁzeg h oRer RBhMA&SE hAf(k vabhirated groups such as
&opor yner zed

her nononers havi ng unsaturat eqkl
(CgC@lllp&rsubIhncasd) alkgl (@) adrylateo(C16y: e ok Rrepghed) hygroxyalky

! 1
(n%{ﬁgarcg)@ (éyﬁ ﬁBea{ %3 l%r%%:hed [k%f'}fan&i @&Jﬂ&ﬂ&%ﬁfén(garcs Jinear or
brhfcmak) by&ﬁi);alhyl Kot REkylate, (Mﬁ?@@f‘?ﬂ Qr@hed@ mploatiyl (rpf,th@ca:p'late (Ci-
nch c ffear or branched
Pl PR M NSV 21 0 By rvnes
alkdxpeBt (QFC;blireandyddinched) alkyl (meth)acrylate such as 3-(trimet oxys1ly )—propyl

mgﬁz%:fglggtg 3£abp rgc)ﬁldtar%ﬁllet ) i Iaﬂ‘}il)@n?&é?ac gﬁité f(Cl-éleé;F or branched

I'i near or

)atklyﬁ(ﬂgftgghryadrﬁeyﬂ)ac(rymmiylhemr@argumhthmrylate (C,-Cy. linear or
| ate, (C6-C22),

br@‘?é)ﬁ‘,)ﬁlgq ((Eﬁé%/‘ﬁseé%ogr)(lg Byacrryyﬁ@érhﬁ&%%éacr ylate, (Cl-C7;

[0034] A terakivdly ainia héxﬂtlon'l Siny bdukstitut¢d3gecGRatiNg Wmetles can be

co(pg;trrg?zedlr\%/ hlggél?er n%rp%rrs1 8%1 l% ?tf{@t{t%% H&}n]f&lx 4s%ty2dn§o monomers

et eroaryl
exefplifigdasy swrateEZ Bor 4 hk&tdxyd(grcne[ R0 4 hydrpxy Higreney 253 pr #plkyl{Cy -

ALl bst futed, &l eglr bdu@SctR@Roicti
Chetretbt bt sataf pioBTRSy BB dRg HESHAR! O GRe G oieie
sﬁéﬂ%abluylahbsﬁmt@m&damgatw pefubel-nnghoteegasy] rr@nerm iNVieyl gypstituted

styrene, 3 or 4a St r ox
hgt@ry?r@hl@onozmgs 6wyl@3ﬁﬁgfne{r@%n§ﬁ%&% %m&[ fef]ioa%g’ gr 4
vﬁa KQadhidr6ivalbhd) orthy Nl €andie cbﬂmeyrhe»ri«zed with pyltasserisf me doraping

ectroactive nojeties S Vi.n
Rt A ras S v ey Pl S ABLL o oo
abltdly"d¥ters SEBSIol yimérigtion hletnﬂér(la pi;dvxcﬁtarsrmfu stosshinkipg.
met al | ocene nononers. s

Q0341 t Sithes pAlyRELS |%|agﬂ § u a tQ Wgorig?rﬁte e[e(c:tg%a%g\ee' moieties within the
QRIRQIF MBI su&fsh, W Bxhnddle, b@@ﬁsterso p&lyﬂfndtsh polfionidssi ang the like. In this
B T N
v%ﬁ&trﬁén%néfsttﬁ%rk@ @ byhBEmadry ellibhml $§iry0 ereexamplep armlccmkea(awg imoiety
or crosslinking 00351 O .
hawiagiatlepst W@m?sndlcémél% ettt LT e BBY st rpity Mgbly vin o
cﬁlnYOlES{n qu Frhh &Qﬁb@)}'ést@ls AlfeBfatied Hiﬁk&ctr@@in}eeﬁctlay fhavmg at least two
ol'yi'm des, and t

pol ln t
hyti@xgll (thI)( gjalms p%qu@d@tt?,relag V\athﬁdhﬁ:&gxylllcmﬂm xp%nomer 3w dicarboxylic

g:{df Egc{ndg ﬁ) Bhoid o Wﬁ%&ﬂ@&&t ?Qllyé’d?@r Fdrdtier, QR elewrdabtive moiety having at
aving a Conp enentary, chem str

leasaml—@H gmueindat leas ong saEbolicetcid SIURTAMY %‘g‘a‘zi?( L‘?‘E%Pé’{ymer 1ze of
co\l\ay%%g%w dngthgt‘}hgnoﬂ{er FASIRONMYOH grogy shdGlthdobk yii agid @tynp, or a

Feact suita di ol nonomer to forma

‘ poI yester. Alternatively, an electroactive noiety

having at |east two 8
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hydroxyl (-OH) groups can be nmade to react with a

di car boxylic acid nononer or a dicarboxylic acid
anhydri de nononer to forma different polyester.
Further an el ectroactive noiety having at | east one

group .and | east ,.on Yhe manner
cigRh PAISTF OBBHER P AR g ERE RS (O Ema s
in WHIEH th@feacfmlﬁ QuERLitubRtY hfffegt tha eleCrongy auupﬁum the elegirprsiYA pgiety in the
acid group, or a 8 |lactone nononer. The substitution i
resglting PAY®Tect r oacti ve nmoiety is governed in part by the

[003&NNERuitablR IMRAges fdrmed frﬁﬁcbmblgatsmbsﬁ the foeqgoing Feupe eompTise esters,
el’ectroni ¢ structur of th ctr Friddel-Craft
amidpe imidas mnqqstﬁa i}mr? ?ethe[rsog%'gljal% l,(l:le gl{eka‘fﬁ Pfagg(g% %’f ricdel-Crafts

realfnbEsH the GK8. CIoRBdIRARLORS e)&fnpieb of fuimldg eheﬂg)ngiomrp gnd electron
conprise esters, 5 anides,

.t hj 0es e%m m
accepthrsy ajong ‘hliﬂbfé‘teﬁélla@’ ChF'BFﬁHP%‘et‘eéé%rt 8p<§mg e'tna? S, |y oduct s
[miféfq Frisealle e%ﬁﬁltéof éi&ﬁf&kh@@ﬁloﬁﬁ& drdéholvi Ibdow'Ehmg with substitution

| owm ng are exanpl es of suitable ectron..don
scheines for bwdngdb@pp ntlyaqodpfgpq}wmq{ gkgﬁ.moa,rasp 1 %:ea n‘f’@ oﬁs wl?e%r the
elegtr at%a erﬁmt: Q?Mé &’glc&llihem&l Qlekdréh d@)ﬁbny(llﬁ,r an e[e@@&?ﬂcceptor (A) or is

es of electroactiye, npi t|es
caﬂmblemﬂlaalng 1ag) elWet ndenepand/ar an persPos AN g’l §}V%g’ﬁ%fd on %V\lﬂputed

o} Y NfecRON YBity inlthe Rileinbigioal FMS molecular orbital
w$msqk§ %@%8% K rgfﬁhr the 10 electroactive noiety is
apprapiaitien.of actlng as an el ectron donor (D), an

ctr Qkarl 5t BRIy BoRded @4 polgmasaccording to the
m@“‘iherﬁ%St l(?)t%&(; dédgeruean accept or y( OD/ A) is also given,

hh@&ﬁgﬁnmmmsmbunédD val ues of the ionization energy and
electron affinity in the sem -enpirical PMB nol ecul ar
orbital approximation. [0038] Substituted pyrene
noi eti es can be covale-/Ly bonded to ol ymer
according to the 15 5
(rt)y: 1 11 wherein i ucture (1) an be vinyl
met hyl ol (- CH2OH) , X pr i mar yj" a gecondary
20 am ne, carboxyl i arbdXyl i ¢ _hci dlichl ori de,
or sulfonic acid. f e pyrene

noi ety covalently to porating the
vinyl group into the Backbone of theXpolyner. The
nmet hyl ol , hydr oxy, pg%nary am ne anstecondary am ne,
gr oups bond t he pyrene noiety covalently to the

whele 'Iﬁgtnﬁ&r@(lpmiﬁé %129 Hﬁthy}%l(smmm}bll ey deoxanpineary pmiggsgeondary
ondi ng can occur. in at
agmmrbomgc acih %Wyll%a%‘ba&‘gr{@a?')ﬁgﬁwcu %‘“ ac g{o}%m“p bonds the
p J@L@{nbi@ ,coaﬂéjntlt%r% fht@ Bbl?gﬁﬁbﬁn@frmtﬂmgbmﬂdnyl Igepupym@ the backbone of
lety coval en 0 the ner a
trohyraes. Thegnenye? sy RS A 280 oA AL gft o the
g Bgﬁ&é y'c%vﬁ[gﬂtg' t@ﬁfe?ﬁlyﬂfer & avpenddnt gioﬁmhblsmtablﬂlef(@mlg of such a
Cl est'er

bondingheantogeur gaq@neg})agylﬁégog\ﬁ%xgrgﬁ? goxyHc gmﬁl r&grngyhc acid
KioRdd, gnd.'ﬁltlila)ﬁlc Qi wfighond theyieens )‘nowpy covaleyﬂ)etmtlma)olymer as a pendant

secondary am ne, carboxylic ackd 30 car box o?%b@ﬂakohﬂ

godviponéicks, might be dhmsirated i ainy Alcpinl i dd & Je
suﬁlomc A &yl NYL, the vinyl 9

[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,

carboxylic acid chloride, or sulfonic acid. In the case where both B and C are vinyl, the vinyl
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group B can be coval ently bonded to the backbone of a
first polynmer while the second vinyl group C can be

covalently bonded to the backbone of a second pol ymer
in such a nanner so as to facilitate crosslinking of

grqtqggmgg 8%/ %ov la\%ﬂongetﬁty éﬁc’e bacl&)oﬂg Lf aalﬂ'gt p(c;l)’nﬁ:r YR sékond vinyl

I mary ‘am ne or secondary
erAf & bk Ekﬁraléhﬂny/iaongéd)mpha:tankﬁoondf 1 seeondypolymer ingsugl 3/ manner so as to

coval ent|
ey e b PUBERNGRgY o R apE LR e PRiOH;0n
hy«ﬁr@iy SRS dniid cﬁge&bﬁdzﬁm alahibnb@haﬁtgrmspm bongl thy BE¢ngyRoicty

I socyanurate res| |
coveni o $r RATEORN B PSR i B b3 KASHEES e
r@ﬁﬁg are atdiRable FerReosyinkingdyiafl aminophastivesiny laigtycalyl isocyanurate resm such

| orides, the substjtuted pyrene noiety can forma
asﬁrtﬂlxﬁéb’!éiacwr?té’a‘{ffl?eﬂ& with a dial cohol or can 10 form

[0640PO! YA fHlfhd? ¥x dnfAE; thed bath Brund Cliractirbuexylicdvsd @i icarbokpdic acid
I ndi vi dual am ne groups in_the di e

chpmiq:mﬁry sehstitied PHESAS POKhY Gag form gpo, eftﬁrplphrgéc m§ w'itn % d1alcohol or can

fm‘M‘? 901 ide By féﬁ&?@WJh'a(Hlarﬂﬁé avhaseth the inﬂlvaiuhlyaiiﬁme(grpum in the
ter can be formed by using the disu stl

dipyineme cifenorBey ot pgadery eXing ASuuties GRS phet B i€ carboryiic

acIchﬁﬁtd 94 ﬂ&dr&ﬁd a pUI§ESkr Chlie: fBfrYdRyluSind it divabeinaed gmeteingonomer.
eties ~such as naphthal ene (A), anthrac

[Opﬂé nar®theresubstigyigd orifnictignatiped f(lﬁdﬂ)ng abcgpﬁtlg Al Qe?e(r%r%y;ﬁci%menes

{ afthiefd @) OB@acert) (D/A), pentacene (D/A),
e e
tr@h@ylenk@A)m;vtya@ecfbw@@m (A)» PrhadRedanins &)eéﬂ @{%?poﬂh ne
orqg%lg%]m ﬂycl) ertl§ bt)mféd RY#hE PSlyRer if dlnanhadimikb @be pyrene as outlined

he su stltute
aldvam no-i H i m dazol e-4, 5-di carbonitrile (Al DCN) noiety

[(ﬁﬁZ]S h O'Y\Fe sub{lmﬁ&f 3 %H{)el}( IntildzoR a5 -Bigarb il SINIDE N toiteychs shown

In several ways as wi|l be descrlbﬁg ﬁ d
1rtmhcmze (M)@amb@qvalpntlmﬁqé to p polymeripseyeEal piayy 35 Wihbe fgerbe
éan be a hydrogen, a direct am de bond to a carboxylic
&4 group such as, for exanple, a (nmeth)acrylic acid
mononmer, a nmethylol, or a vinylygroup. D or E 25 nay
be an aryl group or a linear, bkanched or cyclic alkyl
group having | to 26 carbon ato A detailed above,
hydr oxy groups can form esj=k ith a carboxylic acid
group, such as, for exanple in th)acrylate
mononer to create a pendant group an§fthe vinyl group
can couple directly into the backboge of the pol yner.

In addition, it is also possiblﬁ to form am de-ester
type polyners 30 [0043] Substituted carbazol e

WHRECinl s&Scted ¢1) A ahd 1P 8 tehichiyrogen, atdirem onide bohdAo aagboxylic acid
ggiygi;}q%\?ar; ffggxg%r;)lse z? Pn?etl%acryhceacc rylgno?nrg:tr laymwgeéjr tv(?ny"l1 group. DorE
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 polymers.

[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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IV wherein F can be a hydrogen, a direct am de bond
to a carboxylic acid group such as, for exanple, in a
(rmeth)acrylic acid nmononmer, a methylol, or a vinyl
group and G can be a 5 hydrogen, vinyl, nethylol,
hydroxy, primary am ne, secondgry am ne, carboxylic
acid, carboxylic acid chloride, or sulfonic acid. The
vi nyl group can bond the carbaiole noiety covalently
to the pol ymer by incorporatipdthe vinylk group into
t he backbone of the polgnt o t hyl ol ,
hydr oxy, primary am ng 3 dry anmiyne groups can
bond the carbazol e - t he pol yner
as a pendant group. The ,carboxylic
acid 10 chloride and sul fonic acid groups bond the
carbazol e noi ety covalently toIvhe polynmer as a
pendant group as may be denonstrated i.n a. vinyl
whereiioR ean ke ydsogen. @ dyeqt &mé’&bei“f 2 céﬁ\‘)f‘ﬂiﬂ acid iR spreh as, for
i . oh&44d maHPsL, bit 4 f@prand €hem bas
exéﬁ@&ﬁﬂiagm?tﬁjeagrsy??&g{ Elr es (V), ( ?/l ) andﬁz%%c?l)p l%ehe}ve as
hydtogen, v, dstiyiod, hyfi@x b PRTIEY BN SENASY FERGSEOPSS 2
cal R Ed chforlidOct sulforic/aiaP I GinfiEerfupeabSint théarifhzold hotéty
I erein | In structure can be V|qyl £ the polymer
congltitiyl tolkhe polyaiteoRy incesporating the W HeErowpd g theackgps pfghe polyme
r.po ' ' i Ldn &hiné esoupy caf bbridhe carbazole
BB R B 30, ooy,
moityaioeai¢rtly to the phlympisyarRspdany SRR o%&?féw)ﬁ'g af‘ﬂeca{h"ﬁ{y}rc act

| N6 al e aléikii mer as a
clﬂérﬁ‘%@fl% P“%ﬁ‘ﬁg?’g%@"%m&g e M&?ol el ledtiyl 6 tHefiﬁ!y

primary am ne and secon an¥ amne . hl'

paidan geoup @nohay bedemfonstratasdn @ viny) deahobesborylif acif §S{5r prviny! alcono
lﬁﬁlngreqs a pendant group such as m ght be the case
sylfonis acid e3¥%h) acryl at e nonomer group. The car boxylic
[08dd]d, Sabshiouediferoocernss ds Shobarin the stregtiress(YD () ad é%ﬂhbehave as

roups bond. t he f et alently to the
e‘g%‘f%?rf‘éi“’rf AR g cfValefify Binalito d polymiet, ght be 25 the
case in a vinyl alcohol carboxylic acid ester or a
vi nyl al cohol sulfom id vk [ 00 vJsand K, in
structures (VI) andanggf caﬁgﬁﬁi%he sa r different
and can be a hydrogehp, vinyl, t hyl ol , dydroxy,
primary amine, secondary am ne, |carboxyl it dtid,
carboxylic acid chl , or Sﬁﬁiinic a It is
under stood that the c@enistry oq&{ined hebﬁ also 11

wherein I in structure (V) can be vinyl, methylol, hydroxy, primary amine, secondary amine,
carboxylic acid, carboxylic acid chloride, or sulfonic acid. The vinyl group bonds the ferrocene
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
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, vi;\yl, methylol, hydroxy, primary amine, secondary amine, carboxylic acid,

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

11
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permts the formation of polyesters and pol yam des,

vi nyl substituted polynmers and crosslinked polyners

anal ogous to those outlined above. [0046] Substituted

di benzochal cophene noieties as may be seen in

structures (VI1l) and (1 X) .can _alsqg he coval ent X linked
perinass thedormation gfplolreters aml palyamidex, yinyl pyphstiuted polyiegsand crossiinke
pol&%{%ljﬁ %al(?g%q%&)éﬁgse outlif@mbbee. chal cogen, L can be V' nyl,

roxy, primary am ne, secondar
[0046) boswsnmteadmnzq;mlmwc.m,m%tt,eﬁ & py srsenein s g (VIR nd ()

Rqnds the di benzochal cophene
canaqsoq}eco‘c’:ag??\g 'Hedq{fgbbﬁ e pol ymer by ingorporating the
10 V|nyI group i bone, g eNpo! r while
the nethyl ol , hy

coval ently to the pofymer pendant group such as
m ght be denonstrated vnla (neth)acrylaxe nononer

roup. The carboxylic acid, car |IC
In thacirsireIED e (B g 6p aalioece DTl RS primar

antiRd %tc dﬁﬁaﬂlﬁrﬁ td¥oryfic hdie c%bWﬂé facid rdhllaﬂﬂkd endulfbais hd:nd: NThe vinyl

suc be seen in a vinyl alcohol 15 car. h
grcaxpub@n@gbeech oqhnlcwmnwple%ace&%mﬂy,%%ihr: rymen; ‘B°°é¥‘{’ae“r“g ©
v1rl)}i] gxtonll? e th B%&B&ﬁ of yk'pl)%ﬂ@ﬂ@hlﬂé ¢ mehRYRyEOON @nmﬂd?&nm)é and

I"'S"Su aves as a dono

sedopdam b arauPY hend R erDE B R B o e s s 2
pe[](?aﬁ‘%{l) O[Mu@ﬁ] g gﬁﬁﬂ: &ﬁloﬁﬂll%.telam (ridih)dr§Th@ meshbmenglowarrhbe

vinyl, methylo hydroxy, p
caﬂa@syjmd@mycadmxm]g: acghq-hﬂﬁ;;giw and Slgfgna: acjdgr §?@L%glg@zo§1alcophene

m? Etg% aqje%ﬂ Wthe?’ g&?rﬁ&] ify per%gntffﬁrs'hﬂ)n sﬁcth ds $naly e €def 0D dinylhuidohol

I ned here alsqo permts the for i on
cadfox pio) ayemsm o imnlingbeAl S 51T b BE PGSR (VD 0 00

| L WIBES: EURaY, QEDEFherOX idseRaium, the
“§8¥¥.ned gg%% aﬁﬁtggﬁggnﬁﬁat M and/ or N bond t he

mdhbeﬁxb@hamvmphén@rnolety covalently to the polyner,
[0b§ b ﬁ[ 3% ﬁlﬂ 808 O SR ahd O tBUKy @Y, s, mamgol
sa.

stltuted phenot hi azi ne A
h)a!somyhm\mary mmgrp,rsggqngarg anje, cashoxylicsgsidy éarb%Pé 6‘2’%&8‘?&({ yor Sulfonic

aci qgls%n{lgstgo&%txmhrmétry Vhgh&i HErtesQ;%rrh& tRe foyiditiog @ﬂpol?esters
et vinyl group and R can be a hy g ﬁ% b
and pm%lamldes;emﬂyy publstituted gelysgrs am q:rﬁﬁ}lykeg n;plryglersgg af(yt ose

oxgﬁ}leguaf)?\pearlﬁjgr)&w thﬁ @%ljl(gor ¥ BSRMY dibdnzéhhdophBhmbid§ covillently to the

ohi C aci e vinyl group bonds the
piimantfiM atiydegerothet §f capnabehydrgeen and viee Y6ty mer by 12

T SRR LA P o e i s
canttn8gbadehtoyp patsimee, gr oups bond t he phenot hi azi ne

noi ety covalently to the polyngr as a pendant group
such as m ght be seen when covauently bnndlng an am de

or ester to : :D

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,

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

12
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a (nmeth)acryl ate nmononer group. The carboxylic acid,
carboxylic acid chloride, and sulfonic 5 acid groups
bond t he phenot hi azi ne noi ety covalently to the
polyner as a pendant group such as may be seen in a
. vin cohal carboxyl Qfwile g hidthyddICDydedxy,
incurpyp f’B‘fﬁ he ey ogr°“§t B dﬁgi%?égnﬁ%&%mnder stood t h)gdé lt?m N
pmﬁk}? RinSderaytd mbﬂxdarbedmhegreulal bond fhe phenothiaziie MG EIVAGAL LI the

polmprﬁ%é:pg&gﬂ%é) 8‘13’\/ sagﬂ rgliglﬁt\ﬂelggén \Rf%hwﬁiémg B6hdiiglmSbiideke @ster to

ose outl1 ned ove. |In or erf .
2 (htjactQ a8 kromeRetoop dTHetvarbpkdivaed; carhonaligasicgbjorde, and sulfonic

coval ent | 4%8n h
acig aﬁ)u%l{onS& H@}g}ogla%ﬁne d’ﬁcaet‘); c%\éaieygy 'tcrc‘thé' %)12&64%" aﬁD %e Cdsﬁlgggoﬁ such as
maSl Bateet @a hﬁylul&ﬁ)dollcﬁrbﬁxylf«&mﬂestelsqrmvhryﬂ algphoh sulfonic acid ester.

henot hi azi ne

8} av dds yédeéstq?g t]he SE%E)Q{ ?lm%ld 'hPr%)ﬁﬁL) 'p&%nﬁ@’mecfbrmatmn of
po@esl&s,g)b? Yil{des, RS Npol e whi dﬂﬂsslixdd&dpdsmas apalogon o thesg outlined

4 Lel h d olymer, 1 18
abyisi érhorggxﬁhq;?&gxgg)¥ grtmglg{é' gg%][?n%[ét& %J%Eﬁgy?‘&)' R€polymer, if Q i

ut e
hyﬁr%%&ﬁtilg{ Rt %@b@ﬁﬁir&lggﬁ gx)d ﬁ&: mmﬁman rrmlqculcst thatesag b ysed in'a
e coval ent | on to the r
mammerslap NI PP AT X SR behales'as  gfor

acg%ﬂ)r ngkrﬁle{‘ %! 10-diBfaRyptihazideyeiendehayes amdgnoamdrﬁe7 12,14-tetrahydro-
am ne,” car boxylic acid, carboxylic acid
q1m11>lxaim0[1?e3 “blphenszing Which b%‘lé‘l‘“’d’ as §4gnay; nyl group 20 bonds
(ohS1 ¢ SRt ehth AR ARerR (TTBf ARsalnan sthucturaeineants icevajently
Co

alently to the polyner by incorporating the vinyl
bagdalip thepotymehe backbone of the polynmer while the

met hyl ol , hydroxy, pri mary ne secondary am ne
groups bond the tetrathiaful
tetrasel enaf ul val ene nnlet vaI

to the pol yner
as a pendant group such as nay be seen in a

(mst h) acryl ate nononmer group. X¥he carboxylic acid,

i.c aci chI ory | il QH4PS. nlilﬁ«f]d
wﬂ%‘e‘f‘ﬁé% ’é‘?"r’gf R R gﬁag%g?"?gtntr ggze&elﬁgf u?’\g/igl ene.
sé@@ﬂl(ﬁt’)yarﬁﬁé/ ahxea:tyhy a«tld dai‘bexxj@l ay\d@hlorlﬁe 198 suifeRic afids g nyl group

neb
b@rgi@él}e t‘E}FaﬂHva{) ﬁl)eﬂle %{ltetrbaﬁ Tna}ﬁlw 8?1 Iﬁ'lé)?eg}glgga/alggz)grg)‘wﬂog’ )2

inoHipStatih lthe indi gaﬁg/:htoah@bmrbbcmb pEthe pelymer Wiyl té“e‘é‘FFL)/lﬁl &;d“’"y
structures XII X L1 hdori@figdiéafidvalene
PE BV AR g O] ougs &2 cane)te aglgmgfgaﬂg ovcz’arl ently T

RS alefrly R3&he Mﬁjﬁ‘ﬁf a pén@an|gkoup Xdh| as )jay by pgen in a (meth)acrylate
r;;n g r%gr: u Ea ‘?&i ><| | yg%qa % | %Cﬁs ox)fhc "‘tc'?‘]i cqﬁ,g,g%ngfshtrfggé achcﬂ%rb&}ﬁ bond
tﬂf%letlritﬁlaﬁ[va(e&/br) tetréEeIEMIbzeemm(yéty comatent}y tithe Mﬂpg)@ypendent fashion
sgcthl arsmrrga); bg rsr]aerrﬁn a %Slgloalco%oycmboxylnc acid ester or a vinyl alcohol sulfonic acid ester.
[0051] Substituted bisaryl azo moieties as may be seen in structures (XII), (XIII) or (XVI)
generally behave as donor-acceptor complexes and can also be covalently bonded to the

polymer.
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5 am ne, carboxylic acid, carboxylic acid chloride, or
sul fonic acid, wherein the vinyl group bonds the

bi saryl azo noiety covalently to the polyner by

i ncorporating the vinyl group into the backbone of
the polyner while the nethylol, hydroxy, @rlnary am ne
and secondary am ne ups ¢

the ryl azo
noi ety covalently t |th pol pen ant gr oup
such as may be seen~a (ne ef@cryl nonomer
group. The carboxylic jacid, cadboxylic facid chloride,

and 10 sulfonic acid oups boﬁd the biparyl azo
noi ety covalently to the pol yne ndant group as

may be seen in a vinyl]al cohol Icarboxyllc acid ester
or a vinyl alcohol s ic gCi Mest ef. t he
structures (X I1) an 1), agd V tan_be the sane

~

, viny 7y met hyl ol ,

or different and can hydr oge
hydr oxy, primary am ne secondary am ne, carboxylic
acid, carboxylic aC|dX€hIor|d8( or su@?anc acid. It

The §m¥£‘i\9€sr(t§<g12 Q?hﬁ)f@‘(xVb% fb%féhﬁérwth@hl}d drnfelisbRkke RHEN In the

ermts rmati on 15 pol %esters and _ pol yam des, .
str\mtmy!t CEDbSHTT ot Y picymba wny paethylek BYdrone prifay gRisegsecondary

amqrpea 0 Sc?d c%nﬂ@ﬂ@l QH&L 1064L, 80QMSnic hdid, RN thB dyllgroup bonds

hond sary azo noi ety covalently to the
thqtinkayytmzq mpfetyuowaiemlydcp thg @plymiaehy icaspaipiing thiovipy] grayg dnfo the

bagg)og%of‘iﬁe llao(:f)trﬁe?r h[ll? %%%t%sﬂfd;dégeﬁmﬁ?yﬁhb Qnd@l:&ltdb@%mme

ures ve as el ectron
gratpe bmmsbmw aab sLietErvvHentlydo dlertympr BorRsadant groppgich as may be

segrblntaﬂguet‘h}i ldte mgno%e%g F aymﬁl}l ﬁldp@arbcﬁ%léﬁwd SHiorfd@Mand

dcan dr 6gen, vinyl,
sulfedibiydid groupsh)pdd e \pjsaqyt azwamycta m)\m;tntlg @ébmp;&yryer@ﬁ-p ﬁgldant group as

m q?regsgé( xlpla%énay 18ohof acnrrlp g§¥n!n:;cfd é’%&% gl&: :ﬁ%ﬁl alcHffol s@l?orﬁéﬂcfc@gieﬁ In the

gErst stry outlined
sthetes 8XBD apk@IND, sU mdév ¢zprbealte seme of dnffetteytea@ti spsbeirydepgen, vinyl,

Vi n subs oL L bakeRlorid
m ‘8Y‘§ﬁ@‘g°’8’ngm8 N O) % H‘é’e"% I%ojﬁt g%l 558%9% onde
orGuli&tic sdatlt Mnmdéddrthaﬁlemhdbmry @@hm\mreeqm pgronitsribe foprmation of

oumarin I et
SigFs %pggﬁw(c% Hgylhsu r%(t)lReed n‘y %%%%}td g&%g{icfc?gktﬁ)érﬁérs ﬁﬁiogous to
thbh:&ﬂaiikm gboaedInacddr man@ amvpe‘t/ bewsd the bistrphago meiesy ¢ayaleqflyds the

o s yen Ry BB Rk 6 isonded 0 e

[0052] Substituted coumarin moieties as shown in structures (XV) behave as electron

acceptors and also can be covalently bonded to the polymer,
CC,
\ x AA
m
s
o) 0 Z \BB

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

and polyamides, vinyl substituted polymers and crosslinked polymers analogous to those
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Phenazine D EE\ acridine XVI XVII In the structures
(XVl1) and (XVI1) , DD and EE can be the same or
different and can be a hydrogen, vinyl, nethylol,

hydr oxy, primary am ne, secondary am ne, carboxylic
acid, carboxylic acid chlorid fon

outinedahetes 9% 09eF PHAA P ELAICE L BURPTLSA Bp SO ey v

the@S{yfqef St ltzik?oﬁe(ﬁf'mt lmﬁorfdc aahot®s hedrsgaand pol yam des
substituted nmers and .crosslinked

onsBial ol o g eiBe S P G PR e OV

canaaﬂs%/ ﬁ%nhgﬂgnéeti@odabs&%we or acridine noiety

cova he pol yner |f DD is hydrogen Lhen EE
can not be hydrOo"

y “Fvefs
Substi t ut ed qwn r |i soqui ng
shown in the strus S ) o ' R
whi ch behave as el ectron acceptors can also be
coval ently bonded to TH& polymer. G GGG Ni::~:

Er-_tt FF Cp;gfllne X§NMI Isqu|noIin90M[X In the

ructures XL.X), F

In StV VAR BRI G <o by DR Pt i e in be o

hyﬁ%&éﬁy Li@l}rl’ m@ﬁ‘@fop)ﬁydroﬂr pATAYY adiiid) &coﬁﬁﬁ}@ﬂﬁiﬂﬂ? ytarhmylhe acid,
carboxylic acid, 20 carhoxylic aci

cabat et cHlonde: of SPEC ATl 4 BEF Si"ﬂ‘g{hak'h ‘teﬁ‘é‘rhry °“““‘ed here also

pCQMfS th R dlfoh &f ﬁ$l§é§ter%ﬁ pblyémides vfng)r gubstinaed pdlymers and crosslinked
pol yesters and pol yam des, vin uB ners
polmrsoanelogeus ik thgse qygingdrahaye aﬁaqf%“é ﬁ&“{‘ﬁbg‘g bg ‘Jt‘?(" cRjazine or
acﬁaﬂé/ fhoie d’ko@ﬁlgrﬁfy tb R pofymeA MDD is Hydrdgenthei BE caihio1be hydtogen and
I sodui nol I ne nnlety covalently to-the polyner, if
W@meg hydrogen then GG can not be hydrogen and vice

[Oyﬁl? sa. Su%élt{ltgé) élﬁ]loh%b’ Qﬂsb&u‘iﬂoﬁﬂe ﬂ@i&tlékf ds yRdvadin itel si@ctures (X VIII) or
ties as shown in structure (XX) behaye as,
(xXaXk bpthof whigh yelanaslesion ceros IC%‘h*El?‘yb"[fBH fél&‘yt ﬁg 8 olymer.

pol ymer. 15 XX GG /
FF—( FF—|-

s a

Quinoline Isoquinoline

XVIHI 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,
carboxylic acid chloride, or sulfonic acid. Itis 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 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.

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

acceptors and can also be covalently bonded to the polymer.

15



10

15

20

In the structure (XX), JJ can be a vinyl or nethylol.
[ 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 polyner. 0O
KK LL O XXI In the structumﬁ\(XXI), KK and LL can be
the sane or different and can B¢ a hydrogen, vinyl,
nmet hyl ol , hydroxy, prinmary anize, secondary am ne,
carboxylic acid, carboxylicre€itcehl oride, 10 or
sulfonic acid. It is understfod tlhat the chemistry
outlined here also permts fﬁsﬁﬁﬁ?nation of
pol yesters and pol yam des, vinyl substituted polyners
and crosslinked pol yners anal oggus to those outlined
above. In order that KK and/or LL bond the
In B btAkcate (XIONH cambet yingloraethyldly to  the pol ymer, if FF
i s. hydrogen then KK can . aYeT-T21 his&behave as
(0058} sag‘"ﬁgﬂ’&ﬂm & 5‘\9?%’30@{;&33? %J%gﬁet hyfgﬁg’“\ér oup
eletddtsdctdpusreshdfoan alembe @ivalbwtyboostsdge theaobmsrsuch as 15
t et racyanoant hr aqui nodi net hane { TCNA) (generally an
el ectron acceptor) can akso be |fovaleptly bonded to a
pol ymer in a manner anal Q§Gus 4 65 descri bed
above. [0057] Substituted :
(TCNQ noieties shown in 248 (KXl 1) generally
behaves as an el ectron acceptorfland can be covalently
bonded to the polyner. NC. CN @0 NC -CN XXIl 1In the
structure (XXI1), MM can be viﬂﬁi, nmet hyl ol , hydr oxy,
primary am ne, secondary am ne, ~ carboxylic acid, _
In ]Efl‘?ersm&'ﬁﬁlei (RXBS K ABILOIdafiBe the arsdbridifftirent amd @in bT bydsogen, vinyl,

unctional dgroups serve to bond the T ' L :

mesbylah Yoy, BRG] RIS P, S i AT oragtlc acid cloride
orlsDiEShid £64. NPls YiRBirstd A thaaicahagistrasutinddrhere atsp|permits the formation of

substitution or by incorporating it, as
P06t PYgRmIOE B PO g Y ef i RABERIARrs et
thsée%hfnegQﬁdvy_elnmaaeelmae&mhe/of 9/ efmhé ?ntlur@quimmt: mgg:tmovalently to

sem conducting polynmers. Ex S 0 ug ' havi
the pokymet, it BYdrogsn i5n }ﬂ_é?%‘ PR e ) gV?%th%‘%E' Ethpdids having
a ﬁic?&%&gﬁ\ﬁehé’ SrotpPustit@sd foh Ghstdohaixygdni akdmmessch as

po

ypyrroles; polythiophenes, pol ysel engphen
tepmyym%mqhin@@ﬁ@wégq (T fX)tS%eﬁ‘Ef& %Flﬁagcﬁlﬁ)g ﬁgcg’gtos%an also be covalently

b&%&( (cﬁa e&ﬂ)ﬁb OYPE Raddal S1aRl3usto Hokd deddribedxbave)  ( PEDOT) ,

0 nyl ene-vi nyl enes,  pol - | epe .

(06T p Spipsimgh et immpRasy Bt GANG FPERELto ) iyt XD

ggn%lréﬁg%gﬂvgﬁistaﬁ lefeBironCccdptt? ahd & be @bvatentl 9 bridaditol thepolymer.
conprising at | east one

XX1I

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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of the foregoing conducting or sem conducti ng

pol yners. These inherently conducting or 10

sem conducti ng pol yners generally act as el ectron

donors and can be fornmulated with one or nore

el ectron acceptors whe or not.the e .
backbRRe SO G RIS Bty TISSBEAITE § *an BRIGa By dsseribed
abd@] ynmer that is suitable for use as an electron

acceptor iIs (7-oxo0-7H, 12H
(00582 | o “is?fvldﬂéféftﬂ"ac%"e moigfjes pRerBlicrniy sy dpotise pr ggmiconducting
pOl?@gl? u EQ:QLﬂl&eo‘f@uéﬁ c@ﬂdu]aang &tséxﬂrcylk&lctk%-pbﬁrnl&ﬁd’mht] are 1(1&Bd:n)

In the forgoing as well as

elegrqantawmams ishdnaelyapiliss pelygrss's P%l?/'@wpf’%'ﬁ?’ 8% F\e?eé‘alg}%hes

po @ﬂ%thwgﬁern% gol%é?l%efeﬁoﬂmﬁ% QisB2, 3@ihyﬁ}0kt)ﬂem|5[a‘4|-b]g ,4dibxine)
9 carbon at an aryl havi ng to 26 rbon at ons,
(PEDQT)abNymheeﬂmVl@ﬂwp paby(R- P!genxle'eeé Pfkyﬁe aV'Htci/ﬁP%FPés‘ﬁ%e in

! nitirfAfiBn édinprid@g at le e
pofglace chja'nesc' i)ér"?ésmﬁacgﬁk&;&gr grl tﬂglrlgeﬁgxbéﬁég)w i 7n ok ﬂrﬁ g at least on
of dmfdnegpng ondycting) oxageyxllc@pq!(\ypn@pcgﬂperﬁ a’{}lpeﬁegm rgr&lyfgn%p%ﬂ
serg%gr& up%%,? agrﬁe%(é/engrgﬁ‘%&% &&Bh mﬁlor&[n‘alé&l B oAV hB@wikh bk or

to-substituted al kyl group having
mae Electﬁb(ii acaptomrwlwﬂmnar nogfhe elgktky acenptass §F cevafayBy hondgd to another

pog' og Fyg)e é\a{t i gntabl% ?({r]uge 5‘8335%%@&3{ &E‘&)tdr is 15<:hﬁ(7 -oxo-7H,12H-

achd® Segnen carbon atonms on

behi{ee]ahmmm £:506] bp’rzemdhmd 2 e isemtinoline 3 HoldaeEa-yid &rarbonyl)
gg ing | to 12 carbon atons in the first al coho

(B énent and 1 to 12 carbon atons in the second al coho

[06599 e Mh thedbrgbing at whikas 1Eulretfhléqwln$ tprifmarycend secepdany @ping Brppps are
ot her ;su t ms, an aryl

repgsepied ﬁ)% ‘ﬁ’efeﬁ‘e 8%"va @%d%ﬁi alk mawag ! 25’20 EE s ¢

pol yner suc
hag®lth 26 cagbonnemd) adiatigl dthdrgra@@ hevindbie 12ates atoms in the first

seglﬁanttaﬁg? K %h%g e%&ns n {h? g%éh g@gﬁtdﬁv all?ﬁzlr?lrﬁﬁ % pq{ahlﬁF $t024

at ons yl ar
PO S dmunkmgr&]ptmm@ 7 c@a2bombaatatomss, a bYCW’QfHRWmath alkyl group

TP 2 Epioh i B e S AT 8P BBl 3 @20 arbon stoms,an
aua loy H@[ ca@mplad dchi dsiet yavmg‘n ﬂorﬁchenbm atgms hahg@qr@waq jeidssegment

3161 hgqﬁ?ag@ ﬁlrg% ﬁlgﬁ?le glgdlto',]l ﬁ%henglic se %ngn g oﬁz;tee ester having 1 to 12

as a
cabdShdrhdih @t MauBholRegridO&All HHa cgbbryatemsmnm/@cmmf@hol

average npl e hts of 30
SeRSh's prihe hke. ﬁ::f}rtgﬁ{ pit gﬁglbtarlnﬁlgﬁfl a9 ??’ltégp %?s&grrlgpgso\plgshemay or may not
phHEPRE 1@H@écﬂﬁlemmbhﬁﬁglfo&f polyehey bﬂdh aphlkgl HOPs havinshe, 20Farbon

grans/ nole. In ano

od nmen b
awmqeh&%fgggew w[u(‘a?c terh { é)blg fancgthg glgé/ ﬂé‘é@ car on
kR Y HR)1 BompdunitsHaving Ttt61 20 cz&lmitmbrma mlalltyhg)nwpmgmg 7 to 20
cgggxg@gl%ggrgﬁge} glm%étgtrl%ﬁ(@nﬁg gﬁ{ogrrnpy(\)@e %bﬁlxt?f%o%ﬁncq Q&nﬁa@iblhty,
£ F B g dmﬁéctbﬁsnd@tlﬁfrﬁm pespettigs grel th@H(Mat ¢xample, 6-hydroxy-4-methyl

chr omat ogr ap crosslinking is generally

chioBgaRtong B%HR"' ‘EVI *lsﬁéllf}sdﬂ'éeﬁ GHR ™ Yr oups that are

[602%?' entgk }501 ReRHSR dumbbheepekblengarafeight qiriﬁ@ fo 1,000,000
However, %er crosslinkin ents that ar ne él hts of 3.000

sesovsanelpt 1ny>ne smbestime: hoplHaeT g‘l“&ﬂ?&?‘ AR TR oSl weights of

& 565360! dAfole.] in AnSthErQModimelt, ﬂﬁ%bfyﬁb}sﬂlaf'@ﬁumﬁ'eeaverage molecular

crosslinking agents to have a funct [ r eat
wenghts oS, (@g ] 00090 gragisimoje. In ypt apgiher eérﬁngﬁ.w he Pohymer Kale number

crosslinking agents are silanes, ethylenically
unsaturated resins, am nopl ast resins,
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phenol i cs, phenol -formal dehyde resins, epoxies, or the
i ke, or conbinations conprising at |east one of the
foregoing. 10 [00621 Suitable exanples of silanes are
t etraal koxysi | anes, aIkyItrlaIkoxyS|Ianes

h t h | disjl .
o PSS O SRR ol A e

polnyiE@:ng hdetedinb@by gel @&ﬂmmhﬁfmaeigl'@phgm cally
Unsat urated resins

[O%Qb”ﬁgq ca‘;?péynku@ is @ne@llgﬁwght(aﬁ%{f‘ Eﬁ' gg rﬁgl?ch{n){al gtl?)ﬁps that are covalently
boﬁ"xﬁtﬁ Y(% @B bidkbérRof palybi Mw&%rh&herhtﬂsﬂﬂﬂ(mgegemsbpramt covalently
t

Il t t ed hy,d
vont 0 e DPAmER @500 WG TR 0 SCREAY APipas (0

cr&ﬁgﬁcl}%ﬁ EEndd BhER LRFQIORAR i5gréutdr an lof qual torabdun ac Bvilabteeeg amples
eterm(neth)acrylonitrile

of aushyrasinking ey areyB ERGTCTJY 1Ay Sy oE . SOnPRa: gesins
dd BRS &I Q95 likekorgmaipeatiins compisirget least

ph%ﬁgﬁgkﬁ?gfﬁ% gﬁ?de nosg%éc phenol formal dehyde
mmeémbéﬁqﬁuman t er pol yner, fur an resin, conbinations of
[06)&2”0|§uﬁgbl @)ﬂ%pﬁeﬁ bPRinesfe tgtraall{oﬁ%i’l'aﬁesOz{lk)m@i‘dmb@@i)lanes

epoxy-no f novol acs, urea-Al dehyde resin least one
hemmlmslazeaew ickigwelkylsidanesgr %&k@ .Oéepngmr@.tfsqls; comprising at least o
ofgl%yf% é’m %iﬁé&ete sl oF QYRR Bl RSarsrbeh reaﬁs tnuugé yefisby(kthylene,

‘a

er epoxy'resins or the lik

pmmémen a:q Cmyt ormln)agylntgs at:rybéa@kes dlpba-glefips E“ta‘PB‘Pe'd?}?rﬂlj
et &z‘fs lg; rm%a t&psﬁﬁ;ﬁ%oi Lu?rgﬁﬂ&esTﬁ@ et} @rﬂh@?ks&n@ﬁieﬁﬁcmﬂm the term

| am ne resins ag%eat ) )
(nieett) iy Ylatks engorepasses mcrlyht;s P teethacsylatepang; ﬂi‘Fat?‘inb th)acrylonitrile

er}cgrggr Igcss’lf mmle%? *:thg&l ofpfriid he foregoi ng. Ami nopl ast

erived e reaction of alcohols app ldh q
[(lﬂﬁ:ﬁehyﬁe&bWekztmpigl cémhnetgpesgxf y@gﬁhgklpg ggenﬁrug%\udaﬁ gng} formaldehyde

n(g'arafﬁ 3 Eif‘, glg{]fg Oaﬁ e%rgol?d:\&f ﬁl'i‘d'nergsm [cgrgﬁﬁﬂnons of phenolics

at may be used in the |
arﬂf fodus t(d. glnres:d’le amomqlpct)a@pxy -meilified "W@CWF?GWWPY(’E resins, melamine-

hol s suc n B aked iRIORBIARS sudhih 8T@Ycidyl
@ ghgfmyﬁg&gﬁopﬁ%gﬂ% ?g afi's or Fzé f?ke S?gnatlc
lsa&mmﬂesotw epoxgsesiaor ;ue lie, @oh@nbmzrt@gmnmlémg at least one of the

rocatechol hydr oqui none, or the

ﬁ?¥ ‘FVEFWE‘&?% ohol such as cycl ohexanol , nonoet hers
[6U64] 0 Thehminsplas reaims owy boalyluted methylol tnelamll@rreseqﬁeal\w‘%%d methylol

hal ogen-substituted or other h&in$nopl
uEed N 1k§ (B'HPBFIBHFO&]B Sopaprising : %)%{? é{l %ﬁr{]%sfﬂregblﬁg ! ol;() ast resins
dBfived YOk thetcaéiivh of alogHol suindigr dﬂeﬂyé@smt}xmdargmes gl]ygolurlls urea and/or

f oregoi ng al cohol bl e exanpl es of al dehydes
‘?ﬁ@ﬁmﬁﬁv"ﬁ%”ﬁ§gﬁﬁﬁﬁngéegroduct|on of ami nopl ast

[0653] NS Saftabld &afiplesl emdﬁpls dmetay bekrpd i the produstion efcpmyjprplast resins
acroleln benzal d L
arq IRQNO bq,rlc %lﬁ 84S g ('51% 6’}?2 eihanol f;r% anlog LMQ&J] el?t'én(ﬁ I’h%xano

TSI NY a g¢ast one of
hfe?lﬁxﬁﬂ Qr i@ 1k debtar sicolds §udb66Heng) rabtehnsiatesoamnqémmgek@

ot her am nes and am.des ca AShoeth £
RyFasateshoh lbyﬁ@qta@xgxﬁt% themka,eﬂy& q%‘%ﬂ uﬁlggstcgﬁgﬁc%{ﬁg oethers o
diYcbR%bINER celfbs@i%é, R@Bitol} bri tRZIilecalogghrantatiured o other substituted alcohols

sgghaag%?(gggfg&gﬂlgg&#yﬁ@m1% edik%'lﬁ?sé})llg 1uzt1tl%gls g&‘rﬁﬂnxéﬁltg'aﬁ@%t one of

ﬁke@fﬁ@%&bﬁdﬁ i tHb1E8 éﬁan@l@ oﬂhll!éﬂydesal‘m ey Pk used lirs the prodection of
neés may al so be enp as 5 crosslin

et oo A BT R TP B g Senzaldehyde.
Mrfmaf, %1 yg@lg BYthe HKE Br coRDNAAGHs@Bmprising at least one of the foregoing aldehydes.
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di cyandi am de, fornmaguanam ne, acetoguanam ne,
ammel i ne, 2-chloro-4, 6-diamno-1,3,5- triazine,
6- met hyl - 2, 4-di am no-1, 3, 5-triazi ne.
3,5-diam notriazole, triam nopyrimdine, 2-
rcapt o 4 X(h'e%h&ea d amides can also be employed as
AR "

amno)-1,3,5-triazine, 1,3,4,6
croﬁsﬁh]hﬁé(hgﬁ‘,(xmhﬂdckydte:bh@elngates of triazines, diazines, triazoles, guanadines,

guafg%{g?sh %/nﬂ @ﬂwgr?g&i a?PL\%BtﬁBlg%m\qm loBsueh eorflpRAss, (eRidihg alkyl- and

erlirnk 1174, tec
aryl-Bbsitied Gas drﬂcalk)yl afid Frylsubstitated mglag)eqyg max plse brgmployed as

t et rahydr o- i m'lﬁ% a&ﬁbﬂﬂ%ﬂ) 1 urea, benzourea,
cropgligkiRg aggnisySu ? Rl%s ?fdslu }ﬂ%x 5-triazi ne-
dic axﬂhaﬁ‘n&d f@ﬁhg\ﬁnamme acetoguanamine, ammelme 2 chlor0-4 6-diamino-1,3,5-

ey S Bk, Gpubbinns
me}caﬁbodtl- @dltaﬁﬁrfo@%hﬁl(iﬁﬁt o8 yrigdthythnino)-1,3,5- tnazme 1,3,4,6-

tyl 6-tetrakis : ame
tet{aéls@;qﬁl%/%y@cqhﬁl‘) g,gg gp gmé%s)&%d%]l azogé/%g gﬁﬁle dmﬁh r the name of
Powi&ink 1£74] ORAES thahsride/Mac.§ TiBoH6- mﬁkls(bumxymethjsé)gtpqrmﬂr@ 1[ngiazo[4 5-

use. am nop ast resins at..cont.al n
d]mdazgle@eﬁq@p%ﬂ NyN NeNiY' aIB} Eexelss(g}e Hr{agﬂly‘iy%g r5 tm%zrlrg )P 6-triamine,
NN, NaN%lePJkls@Ju%i%edm)n IBLirideins pGaritming Slakvlyd-1,3,4.6-

résins.” More preferred am n
IO R b R R R
. ol otkhelikdde crossllnk|n
tetra{:hghl% A% (f[@ Sadgrlonﬁﬁatiblgakﬂo&m_@t e s | 90 tg‘p lHl]gl
(0062l mengpmbasimenhat iSHeEEhIF & 1 APORA 4 G Fedy
oupsoﬂ% eEp ﬁﬂl A&fhble {otetlie‘ﬁfy Sgsiorod tiesé ﬁlkylSEgrbll’pe to provide solvent-
cross | ng agent 1 n an anpunt of Qlla ﬁ QS tﬂmethanolor
solbdodeerdsinsn Moreeprefstred arwgp@pﬁ_t resigf atejthose fhatgre gtherilied with 1
pRpdiment, it is desirable to use the crossllnklng

agent in an amount of 0.5 to 10 wt % based on t b
[0068]al  Insi agherald desinblq tojug the frogslpkisg, BHeREP 28 ASHR. °P89 11020 wi%

bzltsted (I)nstthg ?0?2{1 %@hﬁofttﬂe bt fidl® &gﬁ&ﬁ{ablakﬂmg liagermbbdimant, it is

W % based on the to
désirhtm: toArse 26 cexelmbina Ia‘;‘*"éﬂﬁ\?rﬂnoﬁ?t of Bildo iﬁ &'}‘%\ﬁ)agg o&%e to&?welght
gﬁ%gg at R é)tﬂfrgan%%neh@ﬁ%dde%?abﬁélﬁ uEélh@l:roysﬂhlghg agaﬁt it lae amount of

Pie programmable film [00691

Ot ohwt gyt 00 WHIEMGS sGUY o iP FRIEF GRDHETEnt i 1 Gesirable o
S 7 Qer ®hdaloh t QdStalQ&txgit yﬂuhm §lm. An

“8%“%?8%@?“%% b%gé &lﬁsﬁphﬁlng curin tef t he M ¢ the

KNP hinban of Bid trdltﬂrgcxée¢wt<?fn%: wtfle b2 tb“c‘%abY”?‘é% ot

cid uch as t e sulfonic acid, 30 benzene

@ﬁ iﬁﬁémggmammﬁégﬁgecylbenzene sul foni ¢ ac| . "

[0069pr i rTat eldctait Kigid pougramroahig film @mppﬁh‘i"bm%fé‘m%‘ cefpe4a ot

o-trif]uorometh fkind dufifig uring ofubé Alm

spUbt s e BT K S RTRRE RS BUGBdf dubiia  Jind o

["'uoro gﬁ ﬁﬁ id.
cohipbsitinC Saitatde awidstikpdudeiatomatio pulf,oawwpﬁaﬁqcta Ao opigged:
at |lea one. ,of

ReRESHE AE. acltdhpe docﬂ%&bgn%n%gﬁ’l'f&@c A5d: ﬁ§om{aféd QIK§1 or aromatlc sulfonic

generators are thermal "acid I i
23R8 QUcha® 63r1ﬂddﬂoxﬂ‘.ﬂh)ﬂﬂimzene @uiﬁmm asish triflig 3¢dd, per@perg butang onic aci

o nqeo‘rgfgqt)cgarng ggfqgg;:ar%%ileor o? Gl ds Edittis tat Méakk bR Of the

generators are aI yl esters

'fafegsihg anbsc 16 ohd eﬁﬁboﬂnﬁm de midgenaaton ar thermahagid generators In another

tetra

ezntrthlpe[gggt?egg Crln?lgaé;yf dlfngrgtgr%eq%m{? Qﬁlﬁ)n c%ﬁﬂlu@t)@acuvatlon Suitable

enzy tosylate, or.
{hbihal hdi@genBrators £OHIRYINAkisof ogampsilpnivgcids suchas?, 48R of

the foregoing. [00701 It is generally desirable to use
the acid and/or acid generatoagln the electric field
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programmable filmin an amount of 0.0 1 to 10 wt %

based on the total weight of the film In one 5

enbodi ment, it is desirable to use the acid and/or

acid generator in the electric field progrannable film

in an amount of 0. 1 to 8 wt % based on the 4L9
cOABrOgEMeRISnPTS, EnZpH oS3t PR BRSP4 Pyl osylate,or

theOEfié 6@%%1)&%&?&"&%@&!1@bsﬂnﬂ/oﬂmea@tgbu@,ener ator in the
ectric fiel programmabl e filmin, an anpo

(06781 5 \x xs/cgwsaéld demrablﬁéo yssthe aCWé'i"e{ﬁf aci eqnFatof i ‘h% gi’cﬁm fgld
pr %ﬁ&lﬁﬁe £IFPA%h TrBhnt of .01 & Wasi Bkt Eor the téﬁaﬂ?wbigﬁt (itheCﬁlm In one

or acid generator in the electric field 10
enmmg]eamwbdeelrrbﬂq tuserthe pridansi(pr acid generatey ipthgelaetpicfigld o

pr%a‘?r&&%lé‘ VG ARnotde ot 0 16 8 W% vARd oﬁmmhmagm@memrﬂf In

and/or acid generator is 2 w% based on the to g
anusbérgintbodiment @ isdesieabld to use the peid mdé(g'raalﬁlﬁﬁ‘tﬂf%mf‘l‘ F‘Wl“‘m ie

pr QQIZ LR n%eaqrom%\f 855 td E%vt‘@q’)la%%h $hetbi@l WRARH BFthe BilrdNIn yet
ey oacilve nol ety whic an electron donor
analhdn’ epubodinent htes:dﬂsmblawole@the ﬂClé ARl @sracid SERAYPLIR 8&?@;‘%8&‘ field
&3Pt SIS b bPAg K e
pr%%megiﬁé aa\}leamgu%trogtrf g{): % IQV?/‘Ve %é%ﬁ Brl tl{Eh@talg\lé’t??{et 1 n
exeplaiy eouhi ofacidand/dyacidegenerater 1sﬂmt%@@aq@néhe m@hwglg@ﬁg the electric

ul es, nanoparticles or particles. [0072]
ﬁ%é@%g?gﬂrg%ﬁgWS may be organic or inorganic electron
[0gDR]0r SAs stited ﬂioee,ttlrmbdnrmms boralad tof aprelesiteasiiyeempighy avhigh may be an
elgc\éi%{r gﬁlgﬂ Igvﬁgroqq{j grgtr(}noaccéel%%r nﬁﬂ(?rrﬁeéoﬁ&sac(:éb@r é?rgglem a functional

Ive organi c an
gﬂoﬁlQ rpRrlcetrodeald mmeﬂ]hﬁnydiam:d prowctd\(;ﬁb(rlblf desjred. d‘djp,pl,e@g@chve moiety

i d
C%&%a bmﬂlgt Jr“ungttog erg ﬂéo %Cél S n%h agtnc%ggr articles.

rising at

[dogAst El&&rdhfdohble mak tbé egamn ot md’rlggup plgqtgmtdpm;s oFhsheicion donors
d/ or | anlc shel.| £ Lli@nall ¢
C*’é’lr}grcet"r"‘é‘ Ay eragAes qf %Fr ontn onor&ggus %Hd fily bgifenally contain

plteefiar cﬁlﬁdn)t dnG.B)S inblpanic slnelleq'ﬁm el¢ctgron Gonors maypompgm@pls metal
HE%S': mf.tﬁé 1ﬂ g{?a% SgF‘?Ct%ﬂ(? C 05' ta Ior%s gr %Xrag’lﬁat%%oﬁlxgﬁ{ﬁéjattléﬁst one of the

I cu evi ce an
féredoRel éﬂhbl bﬁ)t@flvd'xp@rﬁd andttbr inbtpenio almdls geement 8ggregatian of the electron

nanop cle risjin

@qqr%n'la Eaétr% npELs u eéi[a[r%gfn% C?%b’ l%s Etﬂ.\ Pg\ib[ﬂ 13§raﬂreter The
sie 5Fihé ﬂz)nopdrﬁl:l&\:hﬁi] e Efgiriesred hﬁné'ee tlmne@is of g:y pmlculareiebm sd the
nmetal (usual |y about

tempsFRure At qm@tlﬁ%‘r'{hecqa i gqp\/% rpz a n?r}og%%flﬁ com rlan'gg rB?t&l ahoms and having
%@ﬁ tsrrzgﬁlla§7I BO&timatkh By pRMubse femufaqnmed from the atons
he electron donor may display nmetallic behavior,

seni conduct i ng behavi or cor4-30r i nsul ating behavior (g
dependi ng upon the t enper e. The size of the
particles is generally tenperature dependent and is

i nverse opofl WE{s the number of

FF% r‘%\{‘% IFg i energy gﬂgé b\hl?mteﬁ ?lf ARy Yt 5 @‘V ) rfd

I'n play netal l1c behavig
atd’m& ip &fetpnﬂicbs &irmed fram @heg@cnmcﬁ Itheyeldcirprydgnor. wHhepartigles formed from

Reeqq%rm ?félt'lebgg [ ?fg}%)’lrg TR V\Elap ﬁ\reta!lfcl ﬁavﬁﬁnseﬁiﬁc%%tﬁﬁn b7e:l%12]1-v1or or

r-par e Si zes.
Jsi?lﬁttrﬂgvlbéﬂaﬁrbe&peiﬁdntg‘lfpoﬂ k}rec¢mpuntdg n?ﬁhe mnfé)cmamc s i generally
SR LS £l kg AR e S

Stildr ¢k PMABmMYAIEE Betamioy, tie partiglel sizes are generally larger whrle at higher

temperatures, the particles can display metallic behavior at lower particle sizes.
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nunber of charge carriers is required for the
operation of the device. In such situations,
nanoparticles of the order of | nmare desirable for
roomtenperature operation. 5 [0074] As noted above,

it is desirable for the el ectron.donor h :
(00831 adke paitiglesqf gheglesiron,donop may 8*'?’5"6‘0%‘%0“%6{5’%%?%%{%?%“ N
chatr]fﬂéte?is{i@@&%miéohddcﬁ)r paagaealhys il esirkbinsitigionsweeropyaaiswall

el ectron donors greater than or Eglﬁ%l to gs FeakGhs
numherrof ohargecpaeriery i reguired far e BpEraion ORRK 4GP DRSS im
na@! iclegFﬁhé giakCof 1Wnt &}k GesiritblS fot adi@Etemptratuse aperacival | y

sirable to have organic el ectroa donor s les%&%heﬁﬂrt%iesizeof

[00541alAsoted @bovedibis desiable Sar taiientror gonpks O AR "dSE K Han
upg(% 6"%?@09 ) WikniiThis A8, tlid Senbrall} B&irgdleGiHadhorghhicicdemmos donors

ectron acceptors may be neasured b lto5 Also
gréaget tinh quepiakto @hereater| thaw of agilablods ard greateqithag o ggpal to 5 nm.

deg*lgaﬁgan\iwﬂﬁn His ;ah%gﬁr;% %g%r%f{y &}éﬁﬁ‘ﬁlé RMhalR SEAFEQEYrof doirOlessahan or

€ 'm Ccrosco e optional protective
cqadled D@ lass thah byequalnel &Y, andlsssetharceregypl ER)WS‘F“'pyPets’i"EIoégle electron
doISBf())rls t%g%&xle é{eéct’?ﬂ%leﬁ%%gph)g{;ljrlg t?é%é’a@ﬁl%d b)ag@hnticﬁl'e§ KRR &Slofank1B kray

S so vary the anmount of el ectron
schitbfing, scangirighoa trarcanission lekectpinapisroscupy ST sta@ictTATCE RIELSORY

Pr At eCt LV plofY & HaE%ne BledlRR AR PartigRODIuble in a
[Obﬂsj eI@Etophﬁ"at?ﬁrﬁﬁ%ﬁl‘{eﬁgaﬁﬁg&gyioFltc}ti oﬁ char ac?)eri stics
suitelsié adebnof Thehisiclstaf the praective Neehphay, alsoryary thesarpupt of electron

devi ce where it is.desir f o QivEthyENREOR viafed
mﬂ%\%‘&g af ‘ifﬂésﬁeipiag?' a ef@ el(raesspér%g%e é?tlt:vg sﬁel | )g?oun?j a
A& PRYGEupdA farelestrbn tupreting md disselutiomeharagteripss AesPénf the system. For
therepy preserving the.s 4 Rdve kNG sife,
P PBEERF U L S5 S A HRLASE R RS o
{HiERE Eir¥te@fve WRJI ar@md @chdrped ot widiireventalecyon (eeembingjion {thereby
sol utign. The, aver .or ot ecti v f a9orPih8 gatisul
PRIEUEH B B P, T F T ey el pend oG pitiulr
mWJt)hi\sﬂvellers $n (hi2Rgeents dndissluge ethabdiytiond dbh¢ avgsise progecHva shells for
a protective shell of r Alis faRgel it It
ofzatte leginalP oAt 8¢S g0 gl ks WA s o pencrally
dWdirable B Ravb § proddeges shill of Seayaiemal bguabiodi, aisl greatey than or equal to 2
[ hell af | .th :

ol e P U3 i 6 e Il ffo feivg SR ofessthanor
P EHL 1S inbRb Quaxasphe fesohanoganil ¢o €hmct ron donor

noi eti es include gfut are not lLimted

(0096} at Suisahle %{n@k§ organic electron donor mmetigsomclac?e, but are not limited to
rathiafavhiEad BB irinRiHyRERita il vilahe bia(ethylenedithio)tetrathiafulvalene, p-

EEUTE DI ICT TR

BBy REPLAE AR Clbhe, RRQAAERTIMLtnasIoRnta]valene, or the like, or combinations
tetranet hyl t etrasel enof ul val ene,

dempeising Myeastoe of thg &IPEOMISF ul val ene, or the like, or
[?@ﬁl?i nq},g’,rgm% %g&,@p dbrfirdge Brmb®gibralin e)é afludiingemetal-halide salts or
or €goi ng. 771 I norganic electro onors _ar

mealdnalidd %ﬂ"b’gﬁxf*%‘tfd@%'g"%?‘%f? 5%5 25 fen @’5?’{‘?“%%““%5‘“5’%%%")’
ihal EX&s (ah, hoddni(Rhypallagiuml (Bd)s sibkr @), rhenium

RPN L TR th): " Cobal { z%;o)% 0 <6l N ats are

Roppemiu(aiy), nidim A DT APD oF KOO (TR ahds SPPalies

(Pd il ver . IRAFBE(,HE NaBOS, Msdbibif BSd, cittic adid ermther

%ﬁ"?’}"}y %F.!é%e?n(”d“rh%%ﬁgb? N d;g%%ﬂ, ”'?'lﬁe ha,l,lli,,,g\g Hg TPk i

aiitebls eddti@ngagent i deerestricy of B RNt RR 18 BE 18 Ry Fhe ke,

BRLabh Iﬁ’ Rl\,lgl‘{B 4 RSGAH QinGe Bel sdme 61 diffbienttll ebpRser@hifiizbgen, an alkyl
sui'tabl'e 'reduci ng agent in the presence of RSH

RRR'N, RRRR'N, RRR'Por the like, 35 wherein R,

R, R and R'' each can be thelsane or different and
represent hydrogen, an al kyl 21
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having 4 to 20 carbon atons, an aryl or a fused ring
aryl having 6 to 26 carbon atons, a dial kyl ether
group having | to 12 carbon atons in the first segment
and | to 12 carbon atons in the second segnent, an
al kyl ar roup having 7_to, 24 car.bon 0
haviny i1 JOtR SR § TS0 SRR C0f Bty stoms, 2 dial
etﬂéyg%ﬁ’ﬁ(b{avtr%fﬁbﬁﬂtcﬁgorﬁitkmi mgli@ﬁk@t dgmémandll tod 22>@rbomatbmn in the

s, eto 5 substltut | k rou hav
seeyaﬁ mmea't amalkylagy! &waa"a‘lg dP ?1‘ ‘}c/‘lé‘?"g ‘“& ‘“g ?Poh“%g‘g Tto
24R3%bA Somb, th%’a%y S@hiakd kN Eohphavihg ma ) aafwn a101B; h Heto-

segment and to 12 carbon atoms 0 | ¢

substieies alky! g@gﬁbwng £uodhcabhn Hemegh Ao gPope 8 bser having
1 t%al5 OB P4 in tﬂe éaﬁ%xgllhcr &id *keeiahd §ROMAIboA ﬂ(dums lon tie akdholic or

rbon at ons he Second al cohol seg menf5 ? %03 | ¢ and

phlendme sednrent, Iaearﬂ)gmagqﬁswg havaqg(lyqo lércérﬁﬁ% atmﬁ\ayx el aH pl segmen
1t ﬁ% car%o [omk BNEDG&ond": hBl%géiﬁédt 8Ftht Bk GR Hedbrlg¥ing 2Kyl gdups

o] THe presence o tetrahydrof uran ]
may, i lmewcycuc mebrax@hhy dﬂmxgdqatmdﬁ panerally pargechout inst)e praspnge ©

tege}h%?ré)g{r?ti?g ZCthh 1%%6' é Elgar&gfqglg?l}t%géﬂﬁe‘g ?\ﬂta[glg cl)l asrids which facilitate the

I n one
oﬂﬂhmdloﬂepﬁotecn%eshﬂlmé\cblewnshe@ﬂ conprises a silicon

[0§ﬁé] car ]&a?ﬁe g%g%.gmenq Rhe %Yjagegﬁ?\{?%flﬁhéo?‘nﬁgesai siiitbn BAYé; 2B RS- Eéup

avin to 24 carbon
whérGiiR is amalkﬂrmhag Ikyd 241a\vbongto?hst @cy@}paﬁq} hseingdite Ad carbgy atoms, an

l@héﬂ lead}/ng Jhtgé %Ro?n : (())ms an glﬁ&l?r?y?hé% o 28 @arg5lhﬁ!3m£‘ AN kA& having

one avil ng
1 €2 AFbOR RIS, a monesmeng hm/l4ngrb:bn mn@mwbbmmga}t te% cargon

t hi oe avi n 0,24 carb | Rk
s CRENT 103_t{1?r21a213g g ke %4{ (ﬁlrbotn oms Q&n%k%ﬂ?ﬂl_ha\gxﬁ% Sg) 2 c‘é‘xfr%gl ntorlgs an
RRI’NI Foupbalierdig Rtahe RS eanebeakie s;imkbedlﬁntenmmd cambr ydrogen, an alkyl

& t vi
S O Ll P2 SRS B
2B 8xbét0atomd, @n alklagbhdvirig Tab AAsarbematank yn aﬁhyq haMrag il ﬁ@%gcagl@n
aé?n@ﬁg ret&glg wg\%lgﬁ] t(}%ﬂaﬁ}gg e{o n aVI ntgr llz?ﬁn% 12t61 2% é&rb&{ht&{?s a thioether

atonms, an ester
hBaNg D6 24 dafbor 4togd) dran aabmﬂrhavug t {oi 23 catben atomavetr@yqoiusan

i PRI e

ene

neddn9 Hroﬁﬂgihéﬂe&hiygaeal‘sed e a&blhwmamg‘amsh M) pallgdiumgPd) and
OO 9 Tetrah

ot hi ophen be u |
lﬁglarqgg éon(tamxf)xg e ﬁ%“qn e'[l}ga%/ mgrﬁamg' gl?at{QIQ r?é&n&% lnje hfale by reducing

tﬁ@ﬁ&@! At Gcle bsgﬁir{g@ﬁbsdgmﬁﬁc& (MﬁB@f) eplannmm ghlnnde (@l@dtaﬂ@)(?halladmm

onors are nade re i
aiprniyhs whppeaLe ConEPpy e (R RERN Ty R ulnabtbhium
l{o%h ; ﬁ&el (gmw EB{(%H@ gwmég kléﬁE) fﬂ3ﬂ|.b)),l G:Edﬁ?ge)o 20 catbop etoss sin Hippresence

rme oro rae 0 v
qféq’t@hyéwpleghe@ngqsalgggtgﬁm)ame 1YY F‘lé? ﬁe Pse S?glhl}f%% ﬁsﬂpm?fnliﬁ@ protective
étﬂazlsl &Qh%el&i&ﬁggoﬁﬂbQﬁﬂgﬁi oms) in ]tc het presence e

et ranydr ot ni opnene et ai ne syrfactan
(AR REE A SR S e A ﬁL’F’F’s giron donors
er eg%ﬁgr%%nﬁgfmgﬁmg ggdgg}; P c:g;%&l [(Igggf),]thll, Bd, g RheDs, Ir, Pt and Au

di [ [ ic

lpmd;pygyg[thng halide @agﬁ rhglid ecﬁgmgf es lrcﬁg?t?'@ r\ate éACAC) complexes with

h&BEYANNRS" BE,HONaBM, ascOthic 2id, ciRtiv, acidor the like.”
,}&B&H@ngex%sdlﬁtaém gnd Au EEE)[B uci ng their tpab gneedb reducing
klaiet @otma¢mw1mmlé§@é§et6‘r‘"‘t'ﬁaéﬁlcr"' SLRY PPN AL E taiied by
&?ﬁ@%ﬁq S aSalMalide salt€ HeGinadeagMplesessana theirssACAC complexes. In
4+ BEt 3H, NaBH4, ascorbic acid, citric
acid, or the like. In yet anot her enbodlnent m xed

netal i norgani c el ectron donor2 may be obtained by
reduci ng
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hal i de conpl exes and their ACAC conpl exes. In 22 yet
anot her enbodi ment, el ectrochem cal reduction of the
hallde salts hal i de conpl exes or the ACAC conpl exes

Fe,
seipomtenognsnb é’&C‘f%he‘b‘F@;S%f’ruét“?‘h@?'Eé}R?F e sl s sbiygfiREe o the
ACKE BSnRleé8 b B, o, Eh A, Rh7ZBd, 3 gSRE 0sak, Plhd Au are also used to

tetrahydrothlophene alkane t hi ol s . havi I 20
PrepareRMEACHIRSIroR HRRPrfingas aHely ehtjabilizers Sﬁg‘g % T&Q‘D bon

tel%ilg thiocPherlR €41RInB EhiSY hvitiz! 10128 carbOiDatdrhs, hikglagliees havimg 1 to 20
ors are generally present in the electric field
<m¢mmgmannmbmemﬁsmﬁ¥an an anount of 1 to 30 wei ght

[Oéﬁl Celfhe @Mt@n Jonbs rafe %eh&al YyEhredaht iR HeCRitric |fiilcﬂﬂ6gi‘§inﬂﬁble film in

total wel ght I'ectric field progranma 1 h
anfaiopmt of t@ﬂéwelﬁm@dtcn@rﬁwt%)t Mherg thecysight PefETb SOairg ynﬂzf total weight

of % e?e%P’fc f}eidgprggﬁ%gllaﬁg Fifirh CInfdn€ lefhb BHiRABK: BB ton fdohdH | tnﬁy Bdpresent

anoun % | n anot her enbodlnent the 10 h
in die@tﬂctrmrﬁemggrsmmlye il iy a8pEIount of Stie 8 W% yangther egpbgdiment, the

el&):lirfng don xmiyeb frﬁoésgﬁt iR th@ Qle@ﬁn@ iBfd p?(‘; rafimAtle B in\éh %enotint of 10 to 26

anobfher & ectron donors nay be
wi%. cla gt anbihet dnsbodinespt, rthecr:lﬂfCtrell @pnoprwrb&mmt@ the F‘ﬁ?trlﬁ figld

anount 15 to 0 J I The sel ection of the
p%ﬁ%““ﬁﬁ%?é r6w%§8@%p§ér9$sg%nfluenced by its

[0e823c tTtmrselaétfm wf thy optirum ielsctpmsastdplas ig léﬂ\!@éeddﬂ{étsé‘l“m affinity. It
1s\m§sfbi [ tg Fllsea?cn%e tm%ﬁ_%eléc?roﬂ&%xgbx% %o ﬁxhﬁxﬁ&@ ﬁlrghéfle |v5|@&@§whlle offering

roved environnental stab ty.
inproved eﬂ\hﬁ)ﬁmpnlsBItdeIEy tI@lsud;e passiiflatoais¢ 2 plugglitydqif flff@fe@hflectron

b P ooy BESBR! Smp RO B IRE AR Rl

rov de
ciafmatesistios rthathycmplenteatingtthie $tqute¢fgmlilmg bl((sh\g agingle g@@eeﬁrof the film.

ST B8, P B PP i, .

ceptors | ncl ude
diinelhyythh xacepns, paitaﬂuex;oaphem phthalexyianige, pgrﬂug@phthallcyanme

t hr acen en
‘%‘ﬁ&ﬁﬁ%‘&{?@ﬂ? »§QPPEL ghrt?szocg%rg{% Hﬁg)?fla;gyrg% hthalzogyamne copper
t&rgfﬂeﬁﬂb?gbﬁh?m@mmenommp sping[h. é]lmggpa}qu@nclz)mplmle 4-
nin r e I le-4.7-
RS h OB SV SR e SR
dl&&dbbiiltrilé% ,tetn‘kcydﬁb@ﬂ:}dd&ﬂ@hdnemmhnd cmo@rqﬂlazme or the like, or

BPBHoDS SR ks e o R Beron ecepior

[0083]' acyas Slqéttdﬁ(hd(teﬁﬁd'Wﬂ ﬁ,efembl)nmhopaet;cle(shhd)gtmemﬂnha\qq@amcle sizes
or the lik conbi nation
ob tq HI nm, r%{Q‘B‘i“r‘@S BPet ftﬂwnﬁrég-‘é p?sor S 2@ gT %%)Céljg ﬁ qar;tﬁ%tgg%ream
i ®s Edilfartoaci? ; eRhef ﬁaatﬁdix&:qﬁ)zﬂ &b 2nab IAysorancthtr witlih dds range, it is
general ly have particle size 0,

eererldsiigle p pee st arag aufingpent 51, 88wl bralh 025,
a8 ESPHA & egifdd €I nmt Sﬂ&bl&racc&gmaharﬁ)parﬂcl&, ingjudedmpare nptdimited to
or equal to 2 nm g%so de Zp(ﬁzgmnthln this range,

f‘mP%Y tingQyifler SAPPET aP%%‘I’e '?: % el ectron acceptors
[b6¥AF t NAR eREr&H¢adptdrPar® Qenetaily presérarin the eleqmaﬁeld proggymmable film in
and |l ess than or equal to 15 gﬁ §% h? acceg(ﬂnm“the
ananmopaof | &9 Ewi%opisd en Hstiotal weip of he P %
Irbm tbrs ?ha? %k PRsent RRARSE e fkdd @xﬁgraﬁﬂﬁbhlfihﬁ inf Eﬂﬁi'dd)lt of 5028
00841 f)e el éctron acceptors are general ly ent )
wifie Inlanatheriembpdisiert, e BIGFEAMAREFPIOTS RYRG RieseRfin Eﬁﬁf‘fﬁ‘{‘c 8F
| to 30 wt% based on the total weight of the film In
one enbodi nent, the

23
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el ectron acceptors may be present in the electric

field programmable filmin an anount of 5 to 28 W%

I n anot her enbodi nent, the el ectron acceptors may be

present in the electric field 23 programuable filmin -

an a of 10 to 2 9 | botron
proggravlrtingh o ampd P14 d B, YE ey B ShoGRSH, Bl
accfe @ksdn HrRegrasntabine efettriovitid pargrammabi filof in 1 apeun of {it ©,25 wt%.

V\hen el ectron rs _and t
[0({%& h(_y'( heareleﬁg?n %8? ap) ge%%)a ra]lacepto?s ﬁ/ﬁétﬁ&%r %gfa‘} ag’{ lé)und to the
po oRhef, AFtb BE Eorhtiinddf tikaame fopmntatiat, ltambellﬁtedn@t kashe doperg and

ac‘gfg%g%gliggaégqgggniﬁgg g(;sg Cce t R Sseér/}ﬁha ema&?ey cﬂaggJ Pdn'Ster salts.
THe RAESLET tdadtihl Rpendabi the elea'thﬁl af;ﬁrh@rdf tlmfelqc%rcdqngn th¢dprizatien
po?egﬁ;I pgtlg l@}%gttr%&rgéqiapffc{rgl{ﬂn%% fz?o%gg 51%% gslt z}ecg%tg)gl é:léer 18{ 'actm&on entropies

anlf bOQRHiGh JORMAR! shdSH& BieaSitrdtitabléad in@lﬁhxeffedtgl Iaaddmon to forming
activation entraoples and actjvation v

A R M P e
ac% g)tcfr%;mn@)ges AP RBRAY S Yedas th@ féramlbkibn Q)fadfusf @at riddwff” threshold
el ectron donors and el ectron aig tors

voltgeacoastate comants, EolBstaagnmsats ap he Heg- 4 é‘&f“‘%‘%"q?tﬁ‘%a‘ donor
ack kaﬁgi&%} svf?etﬁéi“opﬁc;t the9 Are bRBAL toQﬁJ pol)trﬁUr a2k 6t added separately to
val state currents, "off’' is te curr pd?h both the

the it irsdértklust hrgeboid 3 S hrdiprsatids “E‘ﬁ%&c"H‘BWBﬁ ed that o
365 St % hay babsunb esihelpdl

STHES i BB Lt e by ot cnbtepsner

[0086]er A(mdmlqtrcae(tof tonos-a¢reptar eAMPIETEs BRY barsed: ag‘%?g compliexes nclude,
f %&tn%‘teflmﬁg({]ltoetgyhglgﬁﬂ'akh@t te%‘%ﬂn(ﬂ%ﬁlodﬁ’&ﬂﬁﬁe and acceptor

onor - acceptor conpl ex may be @ ound to
hebdameqhgollewmralhlafﬂV{i@@%G‘]ﬂtrﬂywoﬁt&ma‘i‘lmﬁ‘}‘a‘E% tei Bﬁﬂﬂ“a nlvelensor
tegr C 1|]]oqtum|od1 agg h%%thgﬁ“&@tr&@l@ﬂfﬁ?ﬁﬁéle'—n&kdéﬁﬁmqmbcbtﬁmethane

rat hi af ul val ene -
nte&:tyrcaltbyn)m}qmtrmquqgmh@m@thane tetramethyltetraselenofulvalene —

hexanel h é rn?etn{' larY@i'e Effracyanoquinodimethane complexes
tellrél?y"afvll%(g‘/lano &?‘%‘gm nme h tet rasgl enaf u| val ene -
C‘“ﬁf’ﬁml‘b Clefipan dimom;;qneferrocene tetracyanoquinodimethane complexes;

anet h l.enel Shh s -4111% diidh mkn%n& hexamethylbenzene -
“’t‘fé{“."’é%‘g? qtﬁtlr%edﬂ)?rét IF? et hyl car baz de -
tétﬁtiaﬁﬁ@lﬁmﬂqnmmd pqsmplbmgetrathlafulvalene hexamethylenetetrathiafulvalene,

t%tgttﬁe:la Xe eiﬁ%%r?em gfehllls\é@hzﬁnﬁalegeo or tetramethyltetraselenofulvalene-N-

ane; nanoparti cl’e-
all§1chdaxiagy cnborﬂnemedsrrbamh@m nphmsees; teteadltipteraseieg telyanethyl-p-

p?lgq%' e&l&é}gﬁ{&lal/ﬂ?ﬁs)gﬁ%}%&y anzeeng g{laﬁrﬁﬂﬁerfullerene Ceo complexes;

t&tﬂuﬁﬂhhhl@ﬁ@héﬁﬁemglenétatatlaﬁelvmyi\& p‘—trpwlm?fllb’ﬁ‘émv am ne, or
h ex anelggaihyygtleg?sg[%fl%t‘ﬁr‘lgt et v t%(%%rﬁ%%ﬁ&glgﬁ(ﬁﬁl&lmm-alkylcarbazole(c1

@lﬁ)lﬁgﬁtohUﬂaﬁd’lﬁﬂ)ﬁiom’pteheﬂfdl’aahajtmaegne, tetramethyl-p-phenylenediamine, or
tetrasel enaf ul v

hexamgihy ngqé?tgfyaélglgefné?{lgfcuﬁnele eeshtgtrathlafulvalene,
ﬁe%lﬁétlflﬁktéﬁh&ﬁhﬂm &Bt@@fsblhmﬁl@!ﬂeneNleZEmethylenetetrase]enafulvalene, or

A DRES PRI AN AR BT By B nched) complexcs,

lﬁ@ﬁﬁﬂeﬁ%gé Qéﬂaﬂl%thypﬁ phenylenedlamme, or hexamethylbenzenc~tetracyanoethylene '
exanet hyl benzene- Buckmi psterful.l ere

e R AT U, PSRRI L PP At DRl SR

é}e‘igﬁl@tﬁ LnafstheaafuBRRne, or tetramethyltetraselenofulvalene-N- alkylcarbazole(Cl -
exame hyI enet et rasel enaf ul val ene, or

tetramet hyl t et rasel enof ul val ene- N- al kyl car bazol e(Cl -
ClO linear or branched) conpl2éxes;
tetrathiotetracene, tetramethyl-p-phenyl enedi am ne, or
30 hexanet hyl benzene-t etracyanobenzene conpl exes,

tetrathi af ul val ene, hexanet hyl enet et r at hi af ul val ene,
t et r asel enaf ul val ene,

hexamnet hyl enet et r asel enaf ul val ene, or
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tetramet hyl t et rasel enof ul val ene- N- al kyl car bazol e( Cl
CIO linear or branched) conpl exes,

tetrathi otetracene, tetranethyl-p- phenylenedlan1ne, or
hexanethylbenzene tetracyanoethylene conpl exes;

n f | ne, or
Cut. Bnton o] COmPIEkgs, 1EhmhioleldeRd Shaiey . PheyaldRifine,

he}&ﬁ%@ﬁﬁﬁkh%h ehRtdnisompleadsLdrcambinations comprising at least one of the
t et r amet hyl tetraseLF enof ul val ene- N- al kyl car bazol e(Cl
forpgoing ¢gnor- i‘cﬁéfé?”’BF‘p f&hched) conpl exes,

(0489 ' atvhtRhéredeCedpeor cbmpléﬁdmteh;séd icp lawhmlbmrmtn@ the glectric

hexanet hyl benzene- p- chl il
FiekdrbgrErPA 1T ST AP 900 @ 2 80 PRS2 (hPlotal eig ght o the film. I

onf Qﬂgfdiﬁ&ﬁetﬁé @énoﬁﬁé(:'?gf)t‘:@ﬁ@ilple[x%ﬁg ﬁrek%em thh)ﬂflmtmatfﬁhéppgmmmable
exes are use ey are se
im0 MROITGOF § 314 BT PRBIAIR] YHET ! 4R Tl fpofe! bodiment

amoun
th.?a&%r B&eét nggé gepléi@ssﬁé* {@8knt f&hd @écitic ﬂm programinabledileh it #n amount of
odi ment he donar - acceFt or, conp I | X883 @ Snor-
1pr3éswt% basedtongheptabyeight of the film p oy %ﬂ?fﬁ‘fbf O T AR
| WhrdeldoRR 811 Rembisté fim iveingibunfof 1.5 to 3
acf &%?‘ﬁlﬁx% aﬁeaé{gseﬁlér enebodl ner??ﬁogrt he donor - acceptor
wt%mpiedmsheapf@l weightofitheifimi he el ectric field

[Oggiﬂ °h 2%?& id ﬁél&%rbé}aﬁ‘lﬂlaﬁmm tnaQbe Manﬁfﬁct&e@bwe‘krahﬂﬁadm

he film In yet anoth olvmer
el ilmomet methmfdmefﬁctmﬂga‘b% Epm. ércowaﬂ%‘l'weg‘l’af‘%g apoly

cgﬁ@ﬂﬁi\(nbonfleﬁtogﬁe e%c?&'i Eéc‘é}n&’s %h&om&ﬂBﬁmm #adfot ﬂdﬁbr-m::oqnor

based on the total gc ed? m the
cérhstefes isrnepdsﬁeda@na STheracs. Sbe samaposifien i then sigher drgd e ured oo
manuf act Inol b fiiRuring T otymer may
618?% ﬁ%elfl RE °<§ra“fmar‘r3aen ug] a?f{ S’?“ﬁeg ¥nt%h efilm a ucrl o n%) qtz .
bepaped sitndge aemﬂ yleetron acepptoreand/oy elsﬁf?aé’(?“‘t‘f& dondacceptor
g%ﬁg% ’ gnntgac &R n% {)xBf so@\leﬁp t'fh@ Bl Wérﬁca&l fEUanolutlon and the

exes | s deposited on ¢ different
sauhﬁisreaﬁ@rata&m acsmtqbbscmnmﬁuﬁes The, Bl BAY \’Fe‘iaS‘d’ryl "‘é‘é‘"‘gFr °

r o foLm elofCdobliy, §irf) GalifDelearssmti &)aﬁhg dip coating,
e P R el TR sy oo
bRk youEng, KRy codtieg, roe d@ﬂ@d Vet ghectriseli gfé’&méP‘E Th g|3y also be
acc and/ or el.ect.r.on: is Qm&rf Yals) Moap,ﬁaahg,r
%H%“%?gi’ylpﬁoc? e Su(r:heagse“[l ggmggﬂ) an gdpt onal g%)vent
ct)mbmssl@ x’hblehhgqaﬁ:h dierqoammmmmn ceatifig.tshde orsay aﬁ“bg Gurtain
va ted. at t A Wafing, TS uleicbffin@RyneRiecus

°8 ‘é’@cgatﬁ‘ér?ﬁc raS JF%drrg‘;ng?s%o ot hods.  Suitabl e
R¥@EPbrash @atng pir Rnikomating slll@ptealyprermg |Pﬁ>gesses’ thermal printing
é%cggste{% 8%: J?{,{b‘&tlgg Srt{)'ﬁe@% chlegt tf,l:aﬂ gl(\: ztlsrllg’égﬁgslglé&@ @b1htt@ from a carrier,
RIFAKeABIVRR dRedt iglawtinglecabdsposision, ﬂmﬁrgka%«iea?setepnb‘;)e°“°P°‘Y’“e“Za“°“
processes such as injection nolding, vacuum form ng,
ot | di ng, conpression nolding, patch die coating f
U89 US| mr&n@ma{mdmg;d of hiadefacuringas tradiye PLRIRISPIGO t‘\?l!i’P'tyﬁeﬁmay be first
coat i n at1ng such Qo arddfoy AbRA-abRplor
reapigd Wi thy 3%\}&‘?3"%’88 cr?ﬁtorsr?gﬁlloggéegﬁ’%ocoa% i ng, brush
SHRRdxRY, THRirEackd lfr&:uesi)ﬁst areuhen shdtéd todoracthe B‘PIVIHF‘T Age polymer may
processes, thern& £ ting processes, inkjet
piditipnalhep hpersresslinked 'ie ect transfer such as |aser
feo01St efl 1%%11P&sfrmoascﬂmhtslmtd durigg tlfems@ﬁﬁbtl% Rypcess, to be

gﬁleprpleejg }of §05}}%\1Aﬁ221}gég4 ;?eogﬁmr);\ t I lgcrIfon%ot?oCr% an%/(?%% electron acceptors

bl JbﬁBnaﬁ@BMQc& toﬁ&imtﬂﬁﬁ USuitalje sdvem@amludpel 2- ([hchloro benzene,
precursor to the polymer may be first
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30 reacted with the desired el ectron acceptors and/ or
el ectron donors and/ or donor-acceptor conplexes. The
reactive precursors are then reacted to formthe
pol ymer. The pol ymer may additionally be crosslinked
if desired. [0090] It is generally desirable fo
anisolevmined xylewedsatuars, agcylen Priane de-xiens dleﬁwb@é%atet%"l%ene
carcq SR ll@ (Etf) R (ﬁ %d)&maH@Rt &@()Ol@1 FEBLR AN Rt 8 R? can be the same

ron donors and/or th | ectron acceptors 35

oraiufﬂe/ran adrepropnt lyreal, cxibinor bra@céletbellsyl alkyleps- alkyae, bayyt 43rd
m C!ICVS %1% h 061 Mol atonf! SO 1 I%lefﬁ'%?and%ﬁ dAlenPalRylene having 1

A% %ene I'soners, o-xylene, p-xylene, mxylene,
todi oetbhy Iatomar Buthet, @thepsuitplylt soleent sysiels may somprise Blonpof any of the
f,R COO-R2 and R -COO- R3-COO-R2 wherein R and R2 can
OE@IFhe sane or different and represent |inear, cyclic
[0091]br a’nlo&tﬂ)e:étra:l fieyd pragrklyntnabie filnaImay plso opsionaly comamanrwessmg agents

t S, anti-
sqrgF sallrte %}imt Ecgrﬁ ease Cﬁg gﬁ({eg ?/ﬁg%g"ﬁg'@? hllg%ﬁnél%ta&hzcr ti

oﬁﬂﬁb@ﬁﬂ&%dﬁ&m imidrthdiéke, other sui tabl e sol vent systens

ggstzielsléah?q fg{ tgls Oft8? gglﬁg t he bqeoﬁlg)QB ﬂ?v oa[tglggﬁlelss of 5 to 5000

nﬁﬁfﬂe@ﬁ@ﬂép}!ndi@g’ﬁrﬁhﬂreﬁﬁlmmolfl g\ealgem sin gstwcﬁh thesswitching voltages are
surfactants

i L e BB G g i

abdut L@V Sa filh BARkSess @Rek dpfidndl tiring) d0abb @929 10(1 nm s desnrable For
desirable for the electric )

drvigps e citing vsfoss gl et AGHED & TRy Bickaée it optonal

c&hgh BES {o%lihh{@gafetaﬂyaésuhhle device. In gener al, the

swi .t ching volt s are the .fil mthi
[f#)g}] rref’fB? g,lecaréﬂa %g grog{,agmﬁ Ler}ﬁlé) rgzwq{e é]ﬁed in a cr S% %onﬁiﬁﬂgf SWhen the
iR st dRQTrde b&w ar@pabd elddiroles rayf belemclrhalm«me}slsd (oathe dectric field

optional curin of about 10 t
p}:q%fanaggpilq:félgl r’%‘g Gross Rpgmgwayf MAY # cgfaé%epgsm in lug e{l%?xjic%l coupling

eRelepv m&ncﬁ] c%u%lﬂlgfelldnféht i8 a ckpaRnt(iatktipesed d)pﬂ.weetmhb eledtfc field
curing)

0 nmis genera desira 3
progeanynable fﬁlp)corfeieéqua ﬁﬁlddﬁ?%‘it &l%hwflﬁ?‘ﬁﬁﬂn‘géée algée d)gg I].Examples of
efe QRS BRI e@ﬁfﬁﬁ&’ arle aléé}eﬂlnfsj dnmllcsrlnpssiid films, anecat d&k:ogemde

oint arra the electro may Qe electrica .
fp d|e ryhgg thes xglp@e@p%mop}de slu}félfa,dse CE’IBB ﬁli’ tg]ﬁ;mﬁis logcqmt%natloqshthereof,
rﬁ{tfﬁ? ich@y ﬁﬁns WhE@XhéﬁthﬁQ ¥aitiag @B&b‘phx}de Ian;ehldd @ntinonide or
trical coupling .elenent. 4§ |cah cou€ gbnwmsma
combinatiqns thereel Hisiop@sterith 4 bit ‘éﬁ%% &qr EFMRIAE CRTRUDE F y
delcEbiskr 60dR! QUERITRIERNibd sW:104s iBli@Mtdxide of theitm oxide coupled to an
pro ranmabl e film el ement and the el ectrode. np es ¢
igfliumgdr @mg;;tpxt%[pcn@g@ p$lp ﬁ@ct@qaé?ﬂgﬁp%g elgment gan.prov. ?q confact, contac
C Bnthdt] d¥Ract 4 A ineRBhisH gMNE] Genction, or contact
‘?i %’ %‘“W? glutg h‘g‘%‘*goﬁ%rﬁ. deﬁalas OXi lge ] QE% $ 1 t
Getreinfegkenipe isolatiprddvise sesh 2 8 psicton didrsd ?ﬂ\é?f‘ 16de qatuapsistor or

c%ﬂ{agttdnéjﬁhir eie@ﬁlcm\'}n@est AeruRRdr Girictén bfhdWdiédiricdPcoupling element may be
arseni de, antinoni de or conbi na

tblpmvsbfa thmnsdmr aleysioa) haryies befween the, @eﬁwda%faapﬂﬁ programmable film
Flg)lhﬁ{gx {)xg% glloﬁ BEShe& pifvcal ContaRfindtieR BEthe A¥ld @RFrammable

es such as i ridium oxide or
ﬁhorlun1OX|de coupled to an iridiumor tungsten

@h&ﬁt r 08& g éArl)oglme%{s e dEQUR A %s&ln@ W@Eﬁtlcﬁl%elmnﬁ\ﬂh dR one
m'c con via a conducting plug,
anipaihdnt, vie at@trtaaﬁﬁld progmmw@ble Vil man be proevetated apd teat pieapplying an

J:lectrcl:é %ugd anderased Qy appllcatlon of light having a suitable wavelength. For example,
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via an intervening isolation device such as a junction
di ode, a Schottky diode or a transistor or contact
via other electrical devices. A further function of

the electrical coupling elenment may be 30 to provide a
chem cal or phg3|cal barri er betmeen t he el ect

elachis ffei@r@grgp@g la fi}mghaxing geldinapgparticle yc% ebag?qc ergfectwelya\;}qhe
ap Lc%ﬁ{n{ &rﬂgg{ (ﬁtv&aqaeﬁgth Qgﬂﬁz{n dBB\YtSmO aln 280 Riopdeffeadiveby) les than about

rogrammable film 09%% CI? ﬁnbodinent
365 mol. (Rlestrife regsmwm%Yéwémt%oua‘eft 5P g*ﬁé STERSY A
elecﬂgdebc%gﬁggﬁtmﬁ%at ég%oﬁsjh%ﬁi thé @raglhg?ilght @cfu@@t( airnadd eerich | m

ramTe read ‘){ an 5e|eli;r|cd
cmﬁgtranoawdttmlme@s bytemch@ vepiseil e ?‘@ﬁ’ e o ayhROTiRUARg KT

conH%urgtpon%aﬁYﬁégkgl?}E%rg?]t ei:egﬁ'ocﬁ)&m%ﬁly Hipled Rahd di€ctdid ﬁﬂl(d
| avi ng %m nanoparti cl es C?P € he licht
pregmmmdbleﬁlm aid tippsdshbetwren thyslseiric die dgogsarmmpbie, tilmygnd the lig
mavelength | ess than about 400 nni and nore
S%¥fFectively, less than about 365 nm Electrica
[(1095.‘]gr anirmmgen‘m;bounmeaduaﬁteatge Gieldipyozsarerorhle filsheay by programmed
axgiﬂgl& gal[]y%%ra%ﬁd ;5’§ !tl}e?catpﬁl?c%ﬁ?nc ht%ﬁ('i% agﬁtaué%avgl‘aﬁg“th B read

r ce, as a trench 5
eleaﬂéa!llg uwﬁdaoﬁomamlﬂ amdt wpodmélyeecamngbqpémta@awsv aggpmplished

bg Isra? Pbxag %ﬁ ¢ %cﬁroﬂ%gpnﬁénprgtrl%l Ztgﬂtdgésln\/)t é {he rogrammmg light source, such

ranspar ent ec
a4 @&ich b@‘tﬂighx)ﬂtlﬁrowmi elelcttodestd’mnéhg mmmﬂyfon eltlv:r Side or in a horizontally

bl.e filmand inter Ed@f 1d
lq:yprgg B@PMW & t]fampranregtn c?ﬁ ?l&%%c\ﬁﬁ? fou B)?g é(ﬂhg ClbEtHE fie
}Jgraanmbteemmmb ﬂdéxmisﬁd bettvérm tixd edertrid ﬁpu progrdmprablg 1he light

f|In1na be
et EpPERIS BT TR e a0 D P bR nan GRAREE cibe
ﬁ@%rﬁrﬁ@l@ffe&i\@@tlfyl teedpplicati@ip bf lgght ofpwyglengthriesgthamabout 40 nm and

optlonally erasin be advant £
n&ye ;lfa gnﬁn étr g&%@y d (o] tlona ?I%g(ri i)%/ tﬁ ﬁpgiggisohﬁgﬁgu o
v%él@rlngi{h Iekb&h:ﬂf DY hMGnd gt ef&otmebe]essuhmhaboagﬁ@ ny: Bikwise

f tion with el d |
e

dpRBHallg tipareil Gﬁlcﬁﬂ‘ﬂieﬂ@‘ rﬁntbp’qﬁﬁﬂs,ﬂﬂwmgh cale®f hllghfdendex of refraction than its
electrically cou

| ! erne
Sppe dhisiod (rTRiE sl PER bt bl Huf o hlbnfigued premed
ﬁgﬁ%dﬁu Qfyaedmabl e filmand the Ilght source. For

exa electric fjeld < dove
[ﬁé?ﬁjngar’frpgspggnt@kﬁu%s may BYP g &%ﬁgﬁlgf ?r@oyden@'fa)aby ; ﬂ%‘ﬂbg s doped

1%%4(%% {h@ Ran@é of 1-20% Wl Wi Y&be gi In,(seaspedidilyrd- Bfowtw, 54 ;dium
nm an

nore effectively t han
Bt iranhgeis 780G VLI RIS T SO R BeRect o InOs
é@?%’c@ilf?%glb% WA SITONA4Y dRQH otktd thetalroite sndr 'no2 Pbo2 7r0,, HfO,
ively, less than abou} 365. run.. , Bi.t

Gpfd predethe hlg:cnt deyels HBy torﬁ??"tk}gb &B%cf ?'&‘H‘é%f‘ Indu\{\rlln 3he %Qlde (IZO) may
Qithin Sih& ot Bhidss]?sucﬂ 4 ™OI, PBoL, iZgs, HffOpSn(amnd dptllko aidévels up to

tapered optica i ber or nano ette, v
moghwo based ex oxfle. remAsdi'e swa%‘ﬁgh‘%f’%‘g‘“ ekef %d& %ay ofQ 5°e“sg‘i These
fuge?{»o‘?ﬂ3 % %ﬁé&ém&ﬂﬁn&L&wﬂoly@tﬁdn@\]%xﬁkp@emse Cbndutnmg

con er ned ght e ttin
p@@@@xs svptaassqméﬁgl\lt"f‘ &rertspajaé§°%‘§"‘@ JHBS i giaple oty gevaer

i EfcihsHER elestréie Bifiels shdbldieRkibit b naksBarenty greater
&lln Ql(%th%hg%%rvws\%ﬂw tef? ;es peC? ’ to

Gfap ebnua#(b%r aBd 1R% effeqlively greatesitham about 50% at orobeiow about 365 nm of

wavelength.
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zinc oxide, wherein ZnOis doped into In2G3 in the
range of 1-20% w w with respect to I1n203, especially
5-12% w w. |1 TO may contai n other netal oxides such as
Ti 02, Pb02, Zr02, Hf02 ZnO and the like at levels up
to about 1% w w based on oxid

[009712O Thggjectmﬁql@prﬁg@m@plem 8 ta&gfll gl 0 ZI n i Otxel}éi %ﬁgrammable
film gcgﬁ?osﬁ) ﬂ gnag bt fsed RNAecrdnid n‘ehﬁ)r)l éﬂﬂ&w&bhnhgé&@icss orplatactoddge

ed on oxide. Condu |ve or.
deviceanThese deviceg may eonigim gltl}?ag, single "ﬂ) ar 1Bg gla ?.l'mse Sl%evnces having

mulltgh% En% Ere %eP]erfxlly termed stacked devices. The following figures depict a number of

enedi oxyt hi ophene) / pol rene ulf n
ex@mr(lﬁEBﬂﬁfodiase)ts ingyehvieh the ¢leggric %‘31’ 9@& SJ@J e use %tlgure 1

m Ji idee Th oint
%& 50 r%%&qglte R4 R@QJ@% Sﬁ%{}}@lh&gﬁ thé I}]lgéd: alrsTEe eﬁi_l@?yagﬁsg fene: @ss poin

aney amiproce dngladecstrdidldipregampiable £ilm, 2 Aaypladdn & firsh plagtiods. 3. 2
secgﬂg nlfag)ag/t a?f ggr ab% é? cé/;{/a{a'{g ggfvr) Ek(‘ﬁﬁé&’cogﬁe@é‘i% tht fidelectrode, 5

nm of 35 wavel engt h. p
and 4 rdf 08¢ br gihenchdoenﬁcteldcto ﬂxpe¢c9mp)¢legwéwa Ahe clegtyoge is disposed upon a

sugg;%%t t%}efsﬁg Gf}%@%ﬂ%ﬁ& 1d find +n%| il it Re BRE& RN it. fh bibther

use in electronic menory and
enfotlintehi, Agwillebeidisenssal lawa the efsictipdeg may gove fekative tprthe surface of the

elgg,vcriﬁ;@@g,g,@g.gag B Blebidfa) ARl Bl iaddy VRuPbe dWsbieigblrarray

ns are gener al i
n_gﬂé*w&l wigtkecbndeuone eisctrlél' ﬁdd i)mlgta@mlqbb: fflmgg;ré@ntag BY &angrray of
e

r of 5 4 t ichi e
wH Qo PEOEElegT ST S Aar e R iies, o YAkl JtUich s and
el SR K& propamesblefile elefnent mﬁmdpmthﬂmfatppﬂyg eleratic Hedd be

ed a devi £e: epicts a
prgéﬁﬁmaélg?}lrgg lﬁ;{é rt%er%er:té of wo ﬁo%&d%ﬁ'lﬂt 9. @fg{n@’zf(b)ld pict

ric pr ogr ammabl m
crtawayQRHN &t dr&s-@oiﬁt afr&ty detlaetbtago dellce3)v1tlaa plgx‘@b@@@ pixelated electric field
el ectrode, 4 AGEmS e N ol \
Pr@é‘ﬁﬁ‘é@?'@é Ip Glef‘ﬁ%ts fﬁpfeg?m E%m Jlgﬁ% g ?lgf erence o

isQlec@icAUNBupledideciddlihg exdmﬂ)hﬁned: bniR, @h(b@blt br@j:eexeglphﬁr%by 13. In
a&lltggx: {h?rgeafql a:qlgrl IE(? 88%%}%%8?0up 1:]‘ %glﬁ r{%@&&:ﬂ&ﬁlﬁ“‘ﬁy 14 interposed

nti net e
b&WRIARE clléutﬁichﬁéldl progﬁnmmeifems arem)c)dondéms as will be
di scussed

in { ice
[9088] sy F*gg@é%@idreglﬁté a gc&%g]g{f(i, cliucl’grgrg F%Xro&ﬁ%ﬁn %Aﬁﬁéﬂ&y ti@v

ranmabl e

chih S efdce fﬂﬁ?r@érﬁmﬁalﬂel ﬁmd\eiymvmﬁ\mmﬁseraecblpyogs elp@pqzﬂlly coupled to
array nenory

evice Wt ntl o d
ap pxsgekann bl A 112 ?%WE‘QE‘FP& A G beinkcSndy 19 an
2! B§Rctivaly. @I@mﬁb\@n ﬂfbléhhldtdgrdnsfo&n agnheasensang @éctronies, 21 and the

i nes, an e

pplliag gleﬁfoag:pmtﬁug %(P]v}ﬁ,plé ] é'lr?%lhefna ngfa% Anc %g cx%lsﬁgotlﬁt'aﬁ'ay device

chbRpAGiMOS LR @lcfﬁrbgnhﬁnfable Ifitin eEfrﬁtj}E aamerﬁohme 6f wtgq:tvns shownthy 23,
I ntersecti on of wor it in
v apreedoan TR g o o b By BorfRE e e
fgfg Brgﬁ‘@{g@ ﬁgﬁylbﬁ&ltél\hrta Bleglrnﬂdl?rcahpléclyto dielrpcspectta(p bid lines,
ectric field programmble. film elements
epgmplified by ge cem@etm 244 16012)‘}083?0&‘%&% FE W@ﬁgﬂﬁ’% by 27

5113 f&lh@xﬁélééug&h& YoupRH R @6ir Ire@ps%uvm&d Hiinexeat mmm» blidwinei blogk
[1ne, exenplifie

ditpre famarshppaliied §lecroBF™ af e ehping 8‘8?3{1".“}%& 3§|“g?%‘tefﬁt9@d‘°“ the
19&%%@&1%&&8{11%@%& QbeARbeRckd that mean the electric

pr-ogra frims and the rd | i_nes.
[Hﬂgﬁlr e Bguy 4 denictep eutavaydreidy F’&Pl‘lﬂ &egrﬂf gfiacke ([;%ata storage device

Yo FENI 2 Gice RYEPRAVEIgRO/eRlcRIAing lagrayf wigh alplurality of
nraoS E’%%n(eﬁg?/eg;ﬁ S:lnge ementlsCe ?epresent ed by 16,

electrlcally coupled to
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an exenplary bit line, 17, and an exenplary word |ine,
18, via exenplary connections, 19 and 25 20,
respectively. Also shown in block diagramformare the
sensing electronics, 21 and the polling electronics,

Co’b(ﬁﬂcw?g %g%xg cgrg}aéﬁln%ee?écﬁgées aex§rﬁﬁlmtbz G2 ddnagﬁ ﬂmllﬁifmg&nﬂérﬁﬁ Raving a

risi ctric
diddctrily constado) 38, dn dlerinid ﬁﬂﬂéplbgrammbl@)ﬁérnﬁéleelg(fmmy cpppjed to the

copt?uﬁgng «}%emgﬂrbduethne Ctlec'tr%?és eXeIIS\%High Eg 33 Qndacﬂe ERBHRIaLY bit

25. The electric
seﬁ]icehd;cmg)gemmbémmbhﬁm teyl 3émsratls>rla£meal Enhearrayi Wit gagh electrode

bew qllf)gg Bq%?]tgg%a%eﬁtr e{sg%E blyvag 1§shfatl+ g’émalﬁgwgge(?ggieetﬁb @glstant

via IS O
ex@ﬁﬁ?lﬁﬂﬂd%y@ﬁ a/ﬂétdﬂﬂ deﬁc‘slamebgtatﬁﬂ frommld: firstrde i layer by a dielectric

i ;’léﬂ etl(r:l Ié\lﬁalggr aléjh an lv%q%;i Ené %%Igé vith & n#l \gfceo%{%gmg 'o{lﬁ 1&&1ductm g
el&h88ds! XeinpRfieddy 38 hdlah énstlatisg maferdl ha\tmg):ndlcbetn@ Congtantgl g9 an

e el i by 5B AR 8 sepconducing
el SdtoANRN erR@tlel Bl BY aRiRE &dﬁdcbtmg evsedficadadtiag kkectrcdiaz axempllﬁed by
storage device 35 on a subst
4%, iy ashorigantpldime |ag%w1th ¢asly Flﬁ&trage \{;eélpg }sela}e% ifroHlé{Tglre?rest )| \Mg@ﬁ)r by an
1né"flBlr}téfnﬁitérfayh&fng?a%&&&m%mm REmplEBddyRuCt i ng
rodes, exenmplified by 32, and gn i.nsu

[0V8Q]er i Wy gehgqll, thg herizogtablines fililq tge yerpical s, mtg;gec eézﬁg Qther without

dl?cl,c?glf}fsf 2 atlli @lle&rlghrl OcHt RITARP Wherkinlantack ﬂx;escﬁibe@txﬁdr:{eaﬂidny)f a horizontal
é CondUCt| ng or sem co

it amdotios sn GhRTpRE g ekl SPSPES AT [Iohgprgpeof the lecic
ﬁﬁlﬁ :ﬁ}o%gﬂﬂh'{bﬁé fieh &lisgt sRARSver@MERR ik Ele@ficdily cGdpled ta thee second

ontal line array with each el ectrode 5§ﬁ$ F%Himsunae
sirfaot of thejelpqtani¢ld grogrmmable fiimiclpmsgt andWharem s gk g
dgﬁgéeecg)l@hs gblgﬁgu?angh gli&edrtiom constant, exenplified by

vi ce | ayer, separated fron1the first
devicﬁiPéthlbyPX'dlelectrlc i nsul ating |ayer, 37,

havi n th@h line array with a plurality of
condug¥§I¥BLr sem conducting el ectrodes, exenplified
by 38Hiaﬁdedme$ulat|ng material having a dielectric

const gp an electric field progrannable film
ectrléeYIy coupled to the conducting o - ontal
vﬂemmbmdimtepmgem@leeiumb?mfdwa‘é%é%ﬁ rrdd %P %k 18nH ig pprizonta

conduct,.n ti ek el 856 film éments
1':5'5/ mﬁ?’lv i gver['ﬂazrﬁmz%ﬁa? dﬂuﬁ iy sgtgofgirer ay w tqylsﬁogéac h el ect r od?a
ahﬁydalgn bsseitatlyecbp‘lanemaml@l, aiestlp s digleqtamiBeating laysr-

[Qﬁgh:'pl i n‘gddtn(%lt Sk llﬂgll %,%%}8%8?[2 sgéécﬁ&errgsgcte'éér?ﬁg Ve afNllti- layered

hori zont a
struies arh ai ihese\show:n delg\lmsrﬂeé ancht may alse begampirysiede W h“e the figures

‘%‘é¥§%ﬁy 3 ew (g VH:e 'Pa ¥R If&r%Lr%@Qﬁ%,?dlelfﬁgeg du%er i€ Q&lﬁéﬂﬂlatecﬁi'ﬁ@ccordance

éscri ection of
@mfmzaﬂkﬂkchBndlne and a vertical line, the

@ﬁ‘izlf] ;2 3‘[ igllffeslt 4’1%%95: § Q 5 lrStl%glIed fsﬁ'l?l{tlgg Qle(?gy 5 &efe&ﬁc fsbfaﬁ&n layer.

ar ammab
SUcR B farfich subgantially plasd 1ayar-like stglcmr@ otaking aq goys@e,%paéla such

to the second surface of the. elect i I I f thi
[fj?r@g}ag{ |SE“Cf“frFSm“‘é‘F QUIINE 2 avol 1] rgcrré%n?]org d@\l&&s Ieaocatlon ayers of this

HddmBos ke iméfled dﬁydlstem@mwus msrsarocmﬂeuagmhqtelegtmcally, capacitively,
:q?il c()e;fntqgglyug%rsna yH Iri? éﬁi\.ﬁitlon the mateﬁalvmust %Q ca{pyblg oH)emgn:tel'leA/ sd that via

holes can be imparted for the purpose of interconnecting the various layers. Inorganic isolation

29



10

15

20

25

30

35

[VPHP MYV, where n- | and in represent the nunber
of repeating layers, n =1-32, in=1- 16, His a
horizontal 1line array, Vis a vertical line array, P
is a set of el ectrlc field programmable filmel enents

madqrgfségai/ esgllicﬁ el %{i %clféﬂr@(% V%()r ée?%ﬁﬁ&ﬁron@ﬂﬂ dBdnfposition of

aetlnrgfi1 n addition to
tetﬁde{hgioﬁhbsﬂj&fe ('lTE@ﬁ)’qr ofter Qrdtogstgyl@@tgs; pjllg@*dmgtgg,\pélcon oxynitride,

truct ure t Ldfor thi ose.
g ioa B Ry Aol SR Alia AR YAk or s e
In fal GG Srgahid dmmganoanbm isoldtiew nuevials @udhcns epis- Oﬁa}ass formulatlons

oD B s R b

CH YL 851 ¢ aftythryd setdaution, dnkegolshen compritngsepriugtoedylsye. a
die ectr|C|soIat|o uch |l ayers forma

polyipidesind He e pe SHE ‘edvﬁnopmerlg ructure, making it

[0RGSIS| Dhs&latidd ot irRIGkdwRLEIE aldhgafoaéxain@;eea whiddine $¢ acoaoplishes! using

thus formng a volu I
et BT 5Pt S5 ! SR B v
el Y@ QUe h3%8 betwkEPdBvRE Rryars afeltrEmplifRAti th&le l6y These stacked devices

capacitively, and, optionally,

arg digfinguished inikat they do P%I“S?Tﬁglﬁ“%’éa%cégémt‘éado% 88{‘]‘ Hipeds taed
b&?eetnhiﬂ}acéﬁ't fleld PrddPinfidabledmigyekdypar ted for the purpose

I 'nterconnecting the various |ayers.
[0184)l at FignreSglepints @cniapay pasily s3pleddd vigho ogatqggeadq 4 gqsrtfgoge device
?Xn C%U%%&Fé 4Y 3R dEERARY el hita deb A delice Aga0 MpOfist devive ddyer
aet orthosilicate (TEQS) or other .orthoeste [lified by 44, in
canprisesd mtlcahimq agr@ ) hawing qopductiag pr sepiroBrHRg '.“re&ee*emp thed by
céntgc?mth' gt éigz:(tk\g%r géﬁl&ﬁﬂh&%g nfhkedidl, B)?emplllﬁédi@y’uﬂ haifigoa different
la, an are used for this rpose. . l| Dic constant,
v»addﬂumtwn thap 44 alivis éoramg aogiasisigdei P BTV & dielectii
exe Wﬁe&‘{)iff Ui Breftic Rl ro%&n%a%?esﬁlfrp%néh@ﬁ h&i¥ental line array
risrng siloxanes having Cl-C o, al ka
cemtm:ngqgnd@nng SUBBIePRFERE 91eF SSUBRlITS SN AS TR avine o
dcgectrﬁlc@(%tant %&éﬂlplﬁ{ed @i' Ky ’ﬁ{é/dlocﬁlé@%bhgehl hih &1dde comprising a metal having
yne

rrpnsmgtetrafluoroethIene £
apﬂirvfmmetv@nm 2 7o # ¥ 2 & cangiugtingiplyeh e work function

gf%lger |4§ eV[ %gﬁ)lls {)jlstﬁé BlofR sufthcel J7db ‘eﬁ'e@l&@lmclﬂlﬁ couple®ghe lines, 44

Ine 1s acconplished usin
ot tactdiodts fmedby 6 wsl 455 Porenkplite 96 Sefeb BHGARelecricaly

nggp i thleg%e 5. Stacked devices in which 10
cBPRieY PRI 8 shar ed bet ween device |a ers are .
[emsnrpl iHigueel5 FurthEi dppics, i.cutiives Byt ackeY dawgs ks isglpigd from the

i .sti.ngui shed e\i't?i% bein@t THeRecond device layer
ety 5 B ifdafifEfint, 36 halile RQlcledR cbRfind THfccon

i's shared between by 51,
@djpﬁﬁdsratvelftllcﬂllnie praygrsimERiidsctrg qﬁwstrruy@dgctlnlgélfﬁﬁérixempb‘ﬁi?% y>1,in

depi. €t QeRNHd®Y 50f hading a different
cé’f‘ﬁ‘é‘i%'él %Cé’f‘%uc 34 %?\Ags)érélpgréé/dlcggé zﬁn agéu GSB?’ rate, 43, a
Work Sﬁncdawhmeﬂ lay:eﬁormmd a gorast dlnde @ 1n§lgatprg§aéwng q—ﬁlélectrlc constant,

f{ﬁ(lgé\gl'tﬁ%ﬁ 3%:,?3 | UG b é‘%lﬁ\éﬁ% fifin V68" 1ddeBlorikdritd 1ifé Ardiy

|ng or'’s ucting fines, exenplified
&¥npfiding tehduainglon sdmivdntticting dioesderstriphfieddry Seanil isHdigrthayige

cﬂ?}%&{x% %S?ﬁgen&ﬂh{i?ﬁ? #&g rPPﬁ%rc]mp ga}\ﬂéé;l%@tttgrg?shf ace ¢ Z@i" grﬁ‘éREtlﬁcally
¢duplel & 1€ Bnd3psai vigitha celitek élodmfemwd g 5aand 52. @@gm@p pf the tpp surface
b I"rageoﬂ?acgpc%ilf g(té)rpL??}ﬁ(glgpg 1%66 9 gfh%mmu? c&rldrﬁev%@layélfg‘% HKgure 5 are

rising COﬂ

$RWh GRRH Glilhbge hidlies buteebpofisei © daddyam&tamnﬁqwm ators
havi ng a
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20 dielectric constant, exenplified by 49. The di ode
conpri ses an anode conprising a netal having a work
function between 2.7 and 4.9 eV and a conducti ng

pol ynmer having a mork function greater than 4.5 eV.

[01€@LL: lgxz}"sgugg 0 #2)??\;9 dded %%{%H{! E)ﬂﬁ&le@ EutdGayVi&y 6f R€ hrioteakthgked data

via the contact diodes
stofa@d MEdory Yievide mndaﬁg a Rahstrate,§9, apfd tlprm;dqvgﬁ laygrss Apefitst delbce

are el ectrical #&ing Tifes, Ekkdplified b
133’?%"@@?%“53?’?9‘?%2% H@a i c#”g,g cglin(rz]’u%:tu ot g&ﬁ&glrd m. & s?asc[:on% o
58, Gie¥dnERt Wity £ondbaing at sthiéandwating enaterla snenwéﬁ%‘@/ ?%9@'9“%

can isolating film 50, hayi ©RN{aRk dielectri
aiferat S dinsoeen R g fornAg g g HloBe 66 s Aa Rl ARk dicecti
corﬁfaﬁ@}!)l(elﬂ?) ﬁgkg%mgdmabdtﬂgﬁdd p?gra:mmbmfdmb ¢ anqd phagizontal line array
exenpliile ont a¢ Y
cog@mwmﬁpv%ﬁ sErgican ug‘mgc] ?m;}/ﬂffeg %gﬂH A9 nBing a

aving a
dxei@ofrfc%ﬁ‘slﬂigt c)é‘&ﬁﬂ‘hfﬁ:g BE 6. Olerﬁdsm m:f thit bbdtnns sﬁrfapmfrﬁj) age electrically
contact diode,. and 1nsu "
coyplgsldp Hgtlines; 68 é%él?ﬁﬂ()p@fté%oadﬁ {’:0512 X ng g?r ?%r%?ltnsr df the top surface

of B 29 LREFBAlyRohipledo tlﬁs'i)ottamdxcﬁs biahé lzm,tfézl line array

[Owgpn; :Tsl’l;f: ?%gr?(g‘r}je%;gtlégrom g%oggpggﬁc (I: Qagne hoﬂg&ea}l line array as the

ﬁrﬁ%@?&@l%er rﬁmgﬁbddﬁlbtﬁ@ dayerﬁeondeamgumas e)ceﬁnphﬁed ma glpﬁ insulators
surface’ of are electri cg% pl @d c}onggfbl“ilﬂie@# and a

haSing ¢ idiglectrie cerefmnaei‘elml'@a%gy Pﬁﬁ'&“‘ﬂ& '51 ParRS s, t

{ in@ RorMEd mhitordo tBig&med exeimplifi in contac
VCP%I l}n‘égﬁ a)g&{nﬁglsl ?n%s '5& " The (f)l ; arkg econaddlﬁggdt%rk
wnltlazymnéuqtlng PY sgav@n@wa%mstfs“%‘hmp dg‘P( g Sohe

fugg%h BED 6BYhusBiniREa &nt€diodd) aldiasdlitbraheving a dielectric constant,
erconnecti on. [01061 I.n Fi

expapthcliyockpRistea te gy e 8 s cb-FafiBib Fl . op
suggéei‘ of ‘S‘E ‘ﬂh@sgéz NERERInY ofiﬁu kdfﬁuﬂélﬁml’ 645ana glearlsallys:bulatcbto the lines, 66

ree devi ce ers. The f devi i ce

vie mmpntecedloéewfefqucba|65|ap go aT*f%ﬁ?“h"o{W ﬁa"' EEHuTE P“S‘% T
co%ﬁﬁ%ﬁgla ﬁ'g&oﬂguclnhg fies, €2d@Msufatons] 6RYis shiafdd by lhedhmaad? second
W conducting or seniconducting material,

dexeerplersf i ed by 59, having a 5 different work function

[({‘%H@]n S%hettg év%e%ﬂ:g inFigR0b @&hpxﬁb@ﬂﬁhmﬁnﬂm my Iha\tmg enducting or
ect ric constant, exenplified %S Lon Qu
@hnanﬁmtmgﬂm@ d(empbgﬂhtmﬁ?o}“ecof‘ﬁaF‘r’rY“h@Cfc’“‘é‘f?H"%\o SPZ0nt

rr]a}eﬁlé Sf:xem 1ﬁefm ga%' ifb%h &ﬁ%ﬂ%drﬂﬁm@ﬁon&ﬁaﬂ 6eaMbLfoininga contact

62 and insul ators
dd)kle,laecttnsulatorsdllasmamﬂle%/ee txie pstant. EEPmRligady ?9;”? Fqgﬁgc figld

ne Grra i lcbytucripigp lseplicormalucting
pf%éa"fm tnbgees "'Séé \?ﬁ‘galﬁgmg@nl?{aect %I odes formed b by, f5s§b and b
1159& eﬁnrphﬁmsy ¥ antl finsulatops @uma@@lefmc(ff’“%@‘ grgmpiied by

e%t A C%a}lé?]gf()éépall&g dﬁr‘i’caﬁ? @o@%ﬁ@fﬁk $ihéeke66 (Difi t}teh:enthctt dgles formed

e secon devi ce a er 1In FI lifi 6 with the
bwmaﬁd Sksrttehlmrcbdrme o iz Bl 6 Shiyse thg releatyodég e’teﬂ‘é’ ifigd DG

devi l v Qa8 of 8 AteCeiretically euipled to the
Spqond ev”eejé%wagé‘ b %glr’]% 'hsulators havi ng a
Uétt&h@{ataicbfahd:lms,ﬂant exerrpl ified by 63, an electric

field- mra dli ¢
[419%y %&l‘%‘? ?Q‘i"ﬁ %t Hhcd’lﬁact hcg"’“%gﬁ (e oaﬁghgg?dﬁ g I(Fbewews ot
FORRIIIE b hte drofige ﬁﬁmotyl’demon inawhichithe wembry£lemant g iS¢l @te%py junction

i : ver it Bne arra
quq?(;gp gggﬁygq,\%ggcoﬁqgf?&,t i;%utseh Q‘H{%ﬁﬁbs tebM P2 h@a‘l’hﬂgtﬂ y,

form ng

SORbRGA] HiTo0Epluang of ps ubres dopsd habhumgclabldh@l, @Wl‘@ed by 74,a
constant, exenplified by 69. Portions of the bottom
surface of 64 are el ectrlcall% coupled to the top
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surfaces of the lines, 62. Portions of the top surface

of 64 are electrically coupled to the lines, 66 via

the contact diodes forned by 65 and 66. The hori zontal

i ne array, conpr|5|ng the 20 conducting or

e @€ Sectiéridld dth%HJ:a%ieomﬁl elrentsi B5, sleatiedeld
pa %’metdma“?)y% sQﬁu s econd ldegf ce ers. [01081. The

prdgi’amﬂawhemmﬁéemar;secxenmhﬁ@chE aldov@ figer sgmisgpducting word lines,
ar r a

77E‘3?§ |Coptact avq vl gg of QIQ&HQBHH gro%famn%ﬁ)f@ ANGHCntsN O | bﬂ gsgions, 74,

I'n contact a conducting o
ané &mm@itdmest, thornmat apray af isoletiaardiddes, |\@WWCglpallwgq}ptﬁ éheantended

di fferent ti.on than 66 thus formng a contact
bits for gradipg, W'\iﬁffﬁnﬂ ‘f“"sfo%s having a dielectric constant,

(000 NPl Addiessindyh i6@ividas bahmtmsscpq‘imerray sush ggmgmﬁqggres 2and 3
ibecning oGP b oo JLGR4s BIRL bbb e
W(ﬁfﬂ' ®nd. flﬁlglaxﬁidl,r this sdlatiogisaffeital cinrodicimgAg asalmmetry in the on and

f (o]
OGFS “E?S@L’lé:"glé"tgﬁ/ @é?}iefe‘ff%%%ﬁeg%mf & a??]'pu%ﬁ nes, rgg’s Mdf %ﬁe “Q&h ld

vogggbgaqfergﬁgﬂ@@ﬂporned by 66 and 67. The thi rd deV| ce

er in ure 6 shares, the el ectr.ode

(O eq PR OEABHAE H0 PR B agFy FRCTOESHE ERtofdehE dxi on one

oﬁtﬁ@el&%dégﬁlgﬂ%%éﬁep@ﬁlcﬁr& tlﬁk&ﬁtrfclﬂéhi ﬂrygrmmpitleﬂlm olihean be
bott om si des of the |ines }Gﬂn] oldeln it or. more

acgproplishedby qligwingitbamstal of Hmeﬁegﬁsqfs“’ a‘)"a 05 proded

acfi ('Q% by\dxfif¥indthe MetaPQEduo@lin@zort. dthes \deoﬂ\ag\eo dmmdysurfaces are
ce in which the nenor

I
equylmpil]y eonpledite He §lectAc tge y e r@%{\l&h@tdgferesrg Qlays one 1¥ elactrlcally
cﬁl?leti e c%#kﬁiv[: abplin Bilfb e YBEdib fadirebricobiiatt. Theiexider croagmg on the
elmt[osq)é( ;ﬁgé)g;lllfgtgqer? i/}i thté\ to o ?rlgil: ! 08&1 I%E-P tﬁ%&%ﬁiricg R85 grogrammable
ﬁﬂ@bk%xﬁ@ﬂbg}'@trch%exf iRfectich@r élteétﬂﬁ Hopging| B exdntpld,iméthciluminum oxide,
pr ogr anma enments, 75, electric: field
thickpepsesrpf A1) te 31°|W%P?§ﬁent s, exenplified by 76, and
(15852 C'A'n@tgetq{xetﬁ&mf GRIAG A $udE av¥yFhnielr €§by usihg; meM\hlth differing
contact wmth a row of electric field ramm lrp ;
v\@tleﬁua(mogs mnghfqng@ndhgeﬁnyqas th%{ﬁ:aergh qpll B? fenrovF] gn electron from

th s'urf% @ el Ecﬁ}{ﬁl‘ﬁty 'Wﬂle%ffé}éht@f @ERces\Winetals and other elements
el ri ca{ﬁ 'y 1solate the intende 5 bits_fqr read QL ims are
ewlibit ifigreataork denciensi the cleqtpdasyrederiing glestrig figl ﬁ programmabie films a

Pgr \s/tlaﬁingl A&olg; rlgﬂ' heGF PR AmPRInHomPfifed ¥in &kégdge dbthe h@@tellmdﬂforms in
PR G( nd 3 requires isolation of the selegt ric field
cbnthctf\mtdmhddh@trs:dwﬂd lgggfa@mbblﬁ §lmsByapy obgrapple. gnpiderap glegiric he

pé(fg?%%? erlge %Mﬂh%o*thcg Gvithlal aRERRMALectlold 8n d)rfé%icﬂt(dbgm 1 dectron-volts

I ntroduci ng an as mTetrejlnthe ) ?d
@ hiid iim:lesk Hoétbdy oh thagther (1 heVld ﬁh%@fwéP@strf’é ined as

pa?cg?déng [om thefalutrﬂg 11) 91@0({0%9 th thOhitkd: Qfe&%ﬂl@' with th® aMBlduagdstrode

significan One net hod of pr.oducin "
lﬁ:mghheewlodrs ghe‘nwgmyudes)f the f¢rwpq¢|bma§ valtqlgqé?cglgfaﬁ to ipj§intg the Jpn” state wi

é%lﬂ, t{h%n &l g‘aém GHL ARS repi F%l?g %lt&&%ﬁ&&@% firipost thd “dffT8tate.

progr anma hi s can be
mmym& irasieion Ie}pmailtls Mi GigFe, Re, RmTaL TroV %@d&fé‘éﬁ’%‘abw%

! e u, Cu, i,
fagqrug]psjlle ltxa(nﬁ:e\gé{h hllb se a%/{érggténclnﬁpglgagﬁl%?ﬁﬁﬁ@}y viXd Au, Cu, Ir, Ni

I'n this way,
}tdﬂendmnﬂbﬁ%ﬂmiﬁcmusgreaxashmﬁee\&S el ectrically coupl ed

t 01,35 " eoﬁll_-},lezfntgtrhlgf \(Iy}%{ ts 1%% L o3k am{@%h %ei&és 'Ebﬁ){:‘ns‘i'ﬂgf fiedd ﬁegrammable

films is to mtroduce contact diodes usmg organic conductors and semiconductors. Such diodes
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coupl ed via capacitive coupling while the other is in
direct contact. The oxide coating on the electrode
must be sufficiently thin to enable charge injection
into the electric field progranmable filmvia

are';%:;ng))gg% é;' Q\t%‘ G I(? n amlseg ﬂtﬁ’éﬁc ‘Het;ﬁi 83, (2002}) apPardctan be

aI um num oxi de, hi cknesses of 0.5
fuftier 3nddrsigoddyenakingdefe2fcelt0 Fighres Afbmup;bi Tabripfy theggrdiodes comprise a

]ogr“g)?lg&fnﬁg) Sc\lé{g “ﬁgl?%})ﬁ mné}'g&chy h&ly@yauﬁl'emgxwt&ltﬁpﬂ@hf'lhhlophene)

I'ons. e work function s
(PORTHOPIY (@S 3telVain @ARCgy aneide mishl an A1 elesirode (Run 4e) dgrpden the

ot{ﬁrrglrﬂpg ?)VéLH ](Syk!{é thfle[feg@égtﬁmnﬁen%i d gd lgﬁg b&%' yrwa:klhﬁ)nate) (PEDOT

[ enent s
- BS9)i(®i 151V, ehRAfin W Ks fnloostactont, antaheninyng glp¢tm§eslnd§@@v1ce

P(glglpég'f Vg{ltg%o;e:ﬁlg)etfwkg% %F & eﬁtgr: agﬁapﬁ%ramﬂliﬂ?fﬁlﬁgﬁd (glrlle metal electrode.
ARSI $29mR ﬁtl@%ﬁé@?ﬁvmﬁ alstieila€ wysfkt fahdtion eleétgldnsuthnls pepper <110>
contact wit the electri I. nma
O S SELE L 1 9o OB B bl B
@F:ﬁ&&&ﬁﬁ@&% &nd dehﬁ@ohﬂhc@d?ﬂﬁlal(‘dre et Ih AR ualemnnmmmloped polyaniline,
ectrode on one side %{‘el ectron. v;ﬁ \‘{Mse
dened pelypireole IPO‘éihéIPf“?fﬁd@dd’ﬁlyPh"é‘y hEpy E’lf)
mthJ - fiROXRL fi’l‘ B) A3ntrRiubein APHma3Ey infho®ae dnd’T@fﬂ‘ wolnagem like manner
u ec

m num e rode to the nickel electrode, with the
togthe shoveienagipdest r ode  bei ng t he anode, the magnitude of
[dl?@{ f og ,qoélggrgé m&,ﬁg&l@% ﬁgﬁyﬂtnfﬁgﬁly {nQhé 'I'Unt laﬁﬂ ‘off’Iveltigonls to place
| 9 h h;g §t]§>w lglg Yet another
dreektepsm chittagt with| asgmgecondsgior dede ofghs kifd t“H'é o) e

Wﬂm b i$olate ﬁ{@‘a@ Lrﬂe‘oﬁ’r @&&g&' i9f pRAce MRIeSice M electical doptactRath a field

Zr "all exhjbit Mﬁ F f unct bPQ§m1s
effes ssotaliamtrEnsisior. ﬂns @%tlmclsfftﬁ%‘edas%ﬂ‘ﬁ‘ the, Held progragymable
Vi@ B thE\drairfdf:thd tFansiblor eithBldvia ﬂmétaP‘fplug electrode

egégﬁ?@ﬂ%g{%ftﬁen%}t Tcons r’éaéter than 5 eV g\l 31 tStman ‘open”
oadintchigrsucietpatithe daviso sen by brprphad op RrogexImed TheR His &S h ! P

f| 1q1progrannable 35 films is to |ntroduce cont act

o&%s usi ng organi c conductors and, sen ¢cond ctorsthememor

[e;ucsm dilodemn®ey erdatagiosageimnde; programmige, repdingang sEsie y

ﬂganbe acco fsﬁe%%k& %’ﬁ;‘g%‘:éoeu 1B teAReshold \nggeaaqblaeam ntlhe ‘on”

er un erst rmlng reference to Fjgure  or
@ndin&n pulsinp i &fub- thrhsé)gbi voitageds reag fﬁgrcplég) dcqterrp@\%%til%rl i87‘on’
rs)gfn %pu?sz ggo&g?ﬁ%&gggﬁg géétggeﬁegﬁgur%?loﬁ e to tum th;gll ‘off.” In ad;imon it
l(aE’%(}RiB)i that the-celB can\be turnedg ‘i’ bypu wg@hzésuéfl’x thy;ppsiti v yoltage
el ect rode. v 5 @ﬁ)h@fl i 1
fere ErRsatE R ARR Rk R e eggﬁ%“ =
BMﬂ@]( 4- lﬁta)diﬁcnamablﬂ@mgmeWe‘ @ﬂgmrammapb@st)‘lln(?eeynbe %relé\%m € use
G0 22 fldsFbgratfimable film h
35 aetg?cﬁju&xjpor nyass (‘tl%z{ s?(glé%l:l cilQGﬁegéaﬁ\l/)gggﬁ_Fh} : Ifntdégfbgi 5;1; € lmknas a o
DRKuEEof 1 oe508 hec fin prs dnibotlinept he fieltpeasrammable fIEyfigs ¢ fickness o

Lecl la tiEReRGF 10 and
0D 4 Styapi e rBp et (e SIS ATRarth L P o (ke @l 10 an
160°nm. (CH2 filmdis BlSMd orsa copgitiog ot ssmideadustipeWibstEats  Bramples of
th | ect f o
E‘-’&ﬁﬁﬂ?’é&%‘,ﬂé Is%ﬁgtgseﬁ g%)ﬁg snﬁngmpifgrﬁ s'ﬂkcml cguh@ rSllllEQﬂ reaming, silicon

tors at are used in this
bR VB &l g@ﬂnzﬂlﬁlﬁn Gamiack aps(ahlyla,nndwm galliun apseridg gaNipy mjtgiflea gallium

a@&pl%n{i]% %Eﬂlgﬁr’%gﬂw&?{gﬂ% leP %La‘??ﬁ%?é}on;}x%lgg ?ndnlnﬂ phosphlde cadmium
ka0 dufud @el&ﬁ&d}'ﬂﬂﬁmymltd‘llutlhe zinopXiderzihe sulfifle, zvmsgla:g@es zinc
in |ike manner to the above exanpl es.
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[0114] Still another way to introduce an asynmetry in
the "on" and "off' voltages is to place 15 the device
in contact with a sem conductor diode of the kind
shown in Figure 7. Yet another way to isolate the

ng AR8mirie e, alniinum phosphide,
telluéi%g é%ai% su 1]d9 Cl%ar(]ittéa/lﬂlltr&i@gtﬁﬁmglﬁn Iu@erﬁ’d Aemirleh e ot i
alurhin@n ahthhaeride, Birbs nitde, MOrephoaz!medgg{ylewuwh%&any ﬁeéqung}lcdor

vk éxambleeof conductive
o BT B 8 b et sl e
substRited lare’ apjnugdm,eitanum,o@eadlm, CHfOPIEHR,| ANZENGEGH PR £0 th%lc e
devi.ce can. on|

A/ @ithdiuRe .gm e
ot SN R i
cadflivdN, Agfiuim dmtalymn agrgattm] rheium, e@@;qﬁg ughlgné}]egglpwgg glercury tin,
menory cel | 1Rtk eI |
I
[o1¢Ndi tnl 8 embbdlﬁlbmghaﬂatastsnags is hehieviad by agal)ynpag)ealtleglagx%rrent
(Aé,)ﬂ gxéq%ﬁéalr{e%&Dgg,lt qerrl)g% blgseé\,ﬂ?% el&t rlca ﬁl%ﬁl ofQBffickht ampﬂlfufde i@déhe the

negative voltage to
filrh Wfidltht BéhdG&lve of o dtate. Tire mtdm &ngnal qstust@gy Aoyt HEBY, (M40 Vs

that the cell can _be t rned "o {.ng A C&ienal is used,
usigg 3 pqnALing fip s 'tfg@? fhab‘ése Tagee pr%bg\%l cgwso tond pos Five
theVA: §ige istaBbrR BITALHY, to abuns lm/MHdJ usgaltylaboutd @ H ¢ abgut 1 MHz. The

negati ve pul se. [01161 di ff t Ja6c
FeRicoh t AP BTALP & PPRR RSt B R ihd fajlsafa cdGeine
dofgin ilRCtha! 18 progrmmsabitilm Haviag agameten ofabeutdheyd thabeut 500 nm
fiel

e field programmmbl e f n db
i AT BRBF L ot 8 7 TSRy et
a spﬁﬁm 1518 HlcRGSSpeaip ulidg 30 ACODZGR DILiriased AC)ségnakafabond r10 V to

moodi ment, the field pro |
abp\ml@ Wﬂgggheéfzor&g:t grRpn CT%BC %}ﬂ%mﬁg ?mvlltorﬁ%g ents 1mgedance voltage

SpOS on a
dr@P BEHGEahED 12Bping BREsE SHIf Uf:ztnyrtgmbinb!mnrcﬁtle fofgrimgp Incasldigipn, the field

pr@rqurr]prg%g g]g oléﬂrll %vl'}gti%; Ire?a%%is cg eﬁéﬂooﬁtﬁ%al mefﬂs%?g cmlﬁz{tﬁm of optical
meihd | 5&1%e GEMBRIVE tidforgaing tledtiedl sigmild eTheisizel ofithe gqldpqttumdomam can
begqrptsui%ﬁ ?Q’g g%%egaqlé?ﬁﬁléztp&gﬁ 8&%&&' | Leu gq?ﬂlzp ns:)tﬁﬂg}quadagg lelth Wikanning

3%19}&&) e u? é&iﬁ!e%bxﬁﬁ reiofab6i@ ,10C me vihilmdse hiesieadable wnth a laser
m um

uride, zinc oxide, c sulf
prgbrzl gph ahemight hefowmd ip épplﬂl?ya’écanlhé‘é"uy TGS 8} zﬂwoFt ﬁ)g%ﬁ\ to about 500
| His! ny t %H%&gfﬁrﬁﬂaﬁﬁmlﬂﬁan B¢ proframiied irt configyrations where at

um nunt phosphi dé, al um num anti npni de,
leut bnd afehe eb@prgqlﬁsm bﬂfi dea ﬁ’fférpﬁﬂﬂ? atiye to é%eysurfgce of the field

h
p@grﬁg&%@qﬁ ol e%;ﬁé biadn a‘ﬁbirhu;ﬁfob a66hgaformsionde thisabayls set fort

about 2.5 eV while exanpl es of conductive
1rmamatmhmomﬂ@(@r’qm?%m titanium vanadi um chrom um

d}?ﬂg aNfRfo r)J ({eggcs LOP& tB@se "dhtﬁif&l' above MHRaIsed mlarvanety of
Ic

oni um "niobrum nol ybdenum rutheni um, rhod
ajfgdikcatinds, impludgigl apg ﬁpphca}g@mhﬂﬁ coH\éppH?qune?agwtdgylu?ﬂ ire er}’lllployed In

L0 St en m}%h Wmatlféﬁzmym mbﬁlbﬁhyﬁElegﬁlts’ﬂtW1mmhv@0brtﬁl volatile
°Ife I'n, gernmani or the lik v of
b smali ascﬂRAMvDRgNhQr qtl@amlatdh BeBHPIY; HDIsERY (si.owgm a variety

0117 l io s g ir@wecmemor
bdmgﬁgc gﬁmg?{? U TR conlvBRioHA R PiAAR8s Wah @ y

ernat | ng current (AC), direct

| demersem cdnXG) the electBCfibid psaprhmytblg flay. rAlgegpatlgqlgg A glemgfy device

suffjcien ude t | JMal Jhipewith one or
ey
s Bhbyof abidhtionlnddrg devicst quorxampla sehghapen SR HELKS e volatile
tip such as that used in scanning probe mcroscopy. If

an AC signal is used, 34
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the AC signal is about 0.5 kHz to about 100 MHz,
usual |y about 10 kHz to about | MHz. The field can be
applied by the tip in contact node or non contact node
and results in a conductive domain within the field

progranmmabl e fil m havin di a about
SRAM @t DB M P ighBoREPEnt PR @{ﬁ%}gﬁwr{“m“gf"gﬁe {Feh® data
stodee AR inQef phéhes RO 2 EQAMbrt S'Iitlﬂel\ddﬁi]sas pack?éd bgg laMSblychlp
a scannl n orce m croscope 11 n or
anh sqié ave siEle iy afhe gfectgp Sigtd Pf%ﬂfgi"%@ iy o= Hyon p femory deviee
thdt ck Ela&%ﬁ?ﬁﬁi inQhe APhER HpPldatibm ERhefad dif2 elddtictfield programmable

curre I npedance, vol tage drog % ci tance, bl device
mmpdq:wgcep‘h@gg agxmltfthpd}aclglgg,orc@ﬁﬂle cifif gl Frogrgmmable memory de

mtfegrra{%g ofg-a. cbﬂbeﬂf?&iaf (e"DRARE sk'A%JIﬂ:mpO g eREIBALR pkdgrammable film
erased or read opti cal neans lg‘;M?

mawTh dcmenm bgfnsegps pemgyolatite MERARY éﬁlﬁl‘“é HiEregPr shaftoy He

altferon% Oln{l])’dlg\l xglg tihd G8ho dgﬁ@é Sntamaf hé &6ctRe fidlld Brogrammable film may

omal h ca timzed for the desired
beampgmteabt packagEdwit RROM, e,EPRmm othersphstantiglly read-qphpmgmory. In

n m serves as
th%msr?:epgg%%lgrﬂn Qfleoxgemﬁ& V\E\ﬁfemo {aﬂﬁl&qn@eltzén@c ﬁa@ p*%@raﬂﬂ%te fll

omal ns readable wth a | aser
thp obigiable,olorkis g, mr gk‘ﬁtcutbm rhayenry beagusg iGPreal/ayite capahie. Hwther

r&a@?xﬁ%ﬁéﬁ@? CI Q ranon oqgh rl'E%ngqu QW#:CCOM mgrlﬁ@ eldcttid f'iEl@

ro ranma an prog rammed in
px@@:@ﬁngummm it otbhemm mlatmesmbreasets t@nr@vrdﬁ fqnh@ne!ltééw gepliments

not hedlnaf hESH, FeRAM
thg BF‘F%\'&"e‘ 8#“’%%‘8‘“?‘?‘&1 i ex %r‘ggﬁ%g%(fne\b?{ ]FMQ«SM lté’i anpl e of
MRAMPBastatriembbdimest iothe mgegmfomromlqctm field prpgrammable fijn memory

set forth in ent ap c a
e B e S
ldﬂé‘;ﬁﬂnd;m a varl ety of appl i cations, including any

i entional
BEB) B S5 LA PR e
pfb@fa)iﬂﬁilblerfﬂﬂiﬁﬁay beSntbg’rhte@] with &gtionathbr thorwignethestysies of memory. Ina
vol atl |l e meno ed wi
figst ﬁ’fﬂ"}P Olfﬁ‘l rgenﬁ%%// geB/éce d:grrl]t%mmﬁ '\ﬂe ePeRéM e'id %)Bglrnm\ﬁﬁt: lth Iirﬁegrat d with

a varil e

l(gﬂ:‘: kﬂédﬁdﬁmrpa&d@gs gd aEmahoryarray mmgmdtm@hﬁibglﬁelmgr Jhis may allow
evices wth one

fabrigation Of MemEryqncy Cg“l‘par‘ng‘ﬁFtéﬁggﬁr evigoq%lﬁg] agliﬁ\{ayr%ﬁ%%hfc&gfeﬂh&al
HpECHtr SRamplOdHitRUAddNg the M @l héghier Teeel§ abelelthe logic ch1p It also
lgﬁrrgagésgpmfgnaqg; Sg%éslfg]pg?@ggg L&ve@gﬁ%}éﬁ%mooglﬁg | Eécat?lr{&em&mr? directly on
(EM FiBroveOthe BeRiBB) Rcest Sekd, Biﬁl@ﬂﬁlﬂlwmng lateaciési dx@@voube, and lowers
c\églbsgclpggglpg ghlg E&gﬂpg@%y‘o ultalarg(r)]rgngw%c %)ne\ﬂﬁlng the electric field
prodMiRdSble il Say béluse@hd orPJhQﬂQShe tofincedasacablisideorhil8Reégeling silicon

chip is packaged with a FLASH c and ,so
asdarfigva, apdjsimultapgously bripging-non; vg}a&lﬂsp g wgﬁ?hgb :Exex?llﬁ?rﬂ]agphcatmns of

s'BEh ﬁk%?&’f 1ht@ lﬁume)’no@l)e&dvfces c&fh@fmglﬂiél eleapit ﬁelé pRjgtﬁhhabh: film with

e cel fone appllcatlon one
Ipgie IWGUISIbeQ$ mARal . iy V‘%@% ARLregR B i 50 F? E"c:*‘ﬁ?l‘c‘““’“s

(g%%hﬂ(ge or as an electric field programmbl e nmenory
evice integrated onto a conventional %h %%ﬁeld
[8RY)  cPiiepntegrhidoneaf dagic With # PEPErYSIeYGS %‘?&BV tf f

}%E%}E&x}ﬁagg Yilift groWs PR 1St ¥ @nablldr AnteF AR 9, memory-

stor or shadow RAM In alternate
wmwtlngrbmtsms pie a memery,chife tadu@ng 3keney #dig coshExsmplary Jogic

{uncﬁwqbwgmwﬁteﬁ bh M TR¥nor PEevidBliRUide hestr@dnsaciragead logic or a

or other substantially read-only
menory. In
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10 these enbodi nents, the nenory device containing the
electric field programmable filmserves as the
nodi fi abl e, working, or execution nmenory because it is
read/ wite capable Furt her enbodi nents i ncl ude
i ntegrat.ion r ' t [ r a crossbar
meraity SR RerrE o i BT S S w BT DAudiReo
swuema g\fot ahigh ﬁermﬂf(ﬁx[cle eaacht,omp:fws sheh fatum«tt?v@nka)lr bwn&eﬁ@ﬁe e.g. for -

nct\aéggg ﬁtlﬁ%agg # nt S(i) r%rc%sﬂ B&&M’A%il%g A IE% Mf\(/leg ;nt%_rfSace e.g. for

RAMBANG oW’k%"ﬂl&fm égrﬂech«tonlrelld:rhmch At B‘gnagqatgd USB controller and

electric fiel l,e
A FRuRE v op g b Eh O Rhob BeR sch s
a trﬁﬁ‘éizﬁﬁﬂ fd&kﬁ?egﬁﬁfaﬁ ? Qigteﬁiaﬁte&abld fof gtrnr_atanom loo[(zt}smggffctrna segment
anot her embodi men e menory devic
looletside Dhifes: fiiemerigPB RGP BRIy s pe Boeer ‘Q‘ér&fﬁ Bfusing the
mex‘ﬁ'brg*aehs’egéo?naﬁrﬁﬁmé elbHAOTINH bl ghiniebld fipes  of msm)ry In
first exanple of a nennr¥ ﬁ$v ce co f i i Qﬁ
[0121]e ct Memoryi devigessiopginiirtib ety i Pfﬁ%‘é’a‘u“z’ilpg Wit
intdgBfHdSwitt] J]sglp 19 VTN th‘é 1¢gs&¢izuaazeaasmmm yit lagltea]pvels Such

I'ntegrate logi ¢ chip, .This
an mwbraﬁxglapqo@msdf re qlryblg, Jogic qf‘”'“b which t chrequ“gtyn%?te or function of

thelf?(gﬁﬁé’ﬁn‘?t‘i? L%u@ﬁ{go&\é@me@ b\fgmtﬂéhée&mﬁéﬂﬁxerﬁmldewa@ rBucly dévjgee iclude

the MI or hi I%ﬁyg En%??%e
prognma@g. logic rrgys (LsA)r &igld que%r@a%’sg% urthe
meé‘n%r de ﬁg cgﬂtglg(gg Qﬁ%ﬁ@&k ¢ierl préﬁiﬁ&hhlﬂtSﬁln{-ﬂEﬁidrﬂgls iyRxeof a/content

y on 2 e chip inproves the nmenory access
adckpﬁsdﬂhmsmwaempl n/wiring | atenci es are avoi ded, and

[0129}é“e %ﬂ?&‘sﬁ’ﬁltem%f the HdfloRew {2k PorfahiAg the @Iéctﬁa(ﬁkﬂgirmammable film
nmenory devicé containing the electric f q qmu“ﬁ
maybe gseslnoraippert & Widp vasty e&d%mctagesfaﬁh?dﬁ?'ﬁ“é Sevjee pay also
1mrP§err§’e%§ &0 f aﬁggaf 2B bf SrokRE Rt drudtules C Siith cﬁfa&&udmnmc]ude

ane brlnglng non-vaolatility L
Bookain ebyteEnEgtpl(awdapcbpnswpql)eﬂgaﬂag poigt, ghyr qggeésc gﬁacter string;

conBls ?tgrl L :} %ad r%nd&Y's@a@z?rs 8@({\&% Rédidds, tnkiriceb; @biect atiented
Pl rog anma Imwth 3 i c woul d bed%%l ked lists,
desveipwrs/sug asasylstypmﬂfdewd tymtoéwé'sbaseéirﬂas‘i"@@’if%?@f’&? (ahlegjnke

qu?ﬂeg heaps Lg aﬂﬁ) Qlaékg“’\flhzfx‘? and h1 fer biarell irk&: hdsk 1aBf24; rdiagonal databases and

egr a nenory devi ce containing
mﬁhnw@gmnw<xﬂtﬂ$¢d progrannable filmprovides a

[0 ﬁ;gm Ue i BRI ?ﬁﬁt%nﬁn GRM R fRYd prbgtuBinhBIe Blm fiay also be
ry- uppo¥9|ng Unct Fons onto a menory chlg o
umlewmcmgplbammgesamuseme ag @ sorageRlempntapast qf ggracesser, or both. One
b S }nb 8 URVGEA TdM Machine.
TRy ol BN Sty oam s
Tieqidlyintek hemosy "y teonchedel ighstpe nfadrlmwé'e asf?effﬁ‘ﬁic?‘a{ﬁﬂ"t‘:h ng, Moore
%Hégl}dﬁégtgxréﬁ&x agl o {Sgé’h?;’lﬁmgton SWMrtChtdnaon. FTBE palyhkGfiemory

e rfaces such as a network or. bus .
mbybeintlads iea geurmmmworiemb pd singly ergeulilsynl perReRsion maghine, recurren

nqltﬂ{)r r l;ha)gglsd ngvg{)ek %ﬂ%&l%&l\l@%@ne Oﬁoi{o H\tﬁﬁﬁ or RalVhél®6rk. The polymer

for eo menory;
meMbi§ bR Anchaied nod \I'oarl‘kuswmharalstegtnrq mﬁcéygp £shargd dagpand code) or a

controller and 5 f d a (USBud
Hmhﬁﬁlﬁffha?‘i“{f% mac%%?pg}l\%acﬁua an cfe) 'flln%/ Eldfbg Eegg It TS llJlCeh
ar@Ritecfirds APEAIRY Ehiputedoicanllg en;hcrhémd as gluptary @f voraNeumagp plgments.
for a translati

i,de, buffer
Th%@ﬁ‘agrydié‘”%'infkﬁso t?etm(fli dSéH IJII(LJ%‘F SrP%l ex}tzﬁ ?%gpﬁmel non-sequential, non-
JGORARRNbSdatEY wRsdd P @gsshigedmpmechihitetyresisi ng t he
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menory device containing the electric field
progranmmable film [0121] Menory devi ces containing
the electric field programmable filmmy al so be 10
integrated with a supportlng logic circuit at the

| deny | a'me ont@fling the
[Oﬂﬂéﬁegr te?rb%y gf\r/tggfsagcom uué% %tes pl'a)gE\F“ze %’%o?y devite Ront@Ring th

ura O icunit in
elt\Mﬁﬁ&ﬁbld ﬁ@gﬁﬂﬂﬂﬁmtﬁlm Oyle way a)tcbflm dlffgmnt[qlzgeps @f compyging devices is

| 5& d assified as
th{q?rg Ra g,ucalév[eé gnovghag%radtg rarg elt'cgr@ QT&% éltnth%hlﬁe ﬁtta?beoél ified

vices inclu rogr anmabl e
rek(@izﬁlgﬂlrlﬁrﬂzﬁﬁge(ﬁhé&te@by iiyptd gﬂmmrmdabmectgmvwéd pedehined as
cq_geng)pplp& {:qlcj a: (té({)]% 5?6‘&}“5 %p a%\F/ mccﬁuneg rht tﬁls%ia@sgm&n&:e a deter?mmstw

serve as part

fiditeGRIS BRhine X6r AtEHaHY, ahﬂhmmgmmbme lMuchlne [a0M@2y Machine, a Rabin
qu%b@gg;tregg\:q%bggto%tpig&aa{%ﬁ% Ptggt\flt%xtgﬁ]o(r: %&%ea utongort h machme may be

used
CISHRRAGS reBogM Al Mahdutie/getéraddbpa Qtpé agtamm or Whieh mrmqunds toa

evice may al so be used. to or e
type Agearimar. Brerplagy gehipesin s IS t“ﬁﬂ‘g a cuplife ?’Sjatg'm“%
dSLEHRG L £ Son-BGEHARstcBANIBIA autopbon. | Nt e g er ( S i g ned and
unsi gned), floating point, character, charac

[0425} ngA maEhing mey&F Flassifipd @t recesnizing agg g"BFmt%“ byabepOorl

%ﬁﬁlllaf'iubtswhlgﬁ)&&l; onds M%Qg e Cor l@zhfnlnﬁeS:'.xeﬁblja@&hacbmeﬁmtladclass
escriptors SUC as Su

Ty pe and .deriyved t f ﬁnw o Turin
skl liges beundedusomasory @ Tupng Maehine or|Uniyers ac &
t@‘a‘éﬁﬁt@% ﬁé’rﬁar%}{i, “Bip@CH S “1dpb NN ord ffdn bhadmensisrder ed

rees; bl es; "rel ati onal dat abases andf_gc mmable
[039k ; @mpms utibiging e manpasy devieepontaiing thesiesis fif proge
f‘fl'ﬁ %a@ ﬁb 'Bg gltagﬁ‘ieg lb@&k 't)h thelih@uélidarang ﬂﬁﬁ'ﬁﬁb&sﬁné hﬂcﬂild&ﬁlye A machine

I n conpl ex nachlnes and serve hine or
naayst @rsalgb imstretEon Slngi%@*tta wechine spefas AyGp Negpanr “e“(‘iﬁrg nachi
aaf%) alré: Q‘Eﬁl%@tﬁ&f m&éﬂﬁne Al ¥ %Bine HR E ¥ sinBle \Mstrtidtidn Amuitiple dga machine,

I ne or |versa Turing chine. The poly @ b
sndrﬂs ra)prcrcagsom mqmnme@mer?r 8 VeIt s AFFRCAPFFESOL: u‘éﬁ“aé ng,may be a
N N E[ILIE ﬁtst% hxﬁﬁﬁ&;{}é ifta m%ﬂ@sucﬂ’ﬁ?bﬂz{iﬁlodme&prﬁmm Beother non-
uc

n or tomaton, or tree automaton.

peiyimbtic EOTEy: Arrmachive mabi BF @ GEiDIGingrcHeR Ael Srggpgine.
Pc’rgcesso?sstﬂ ?u% ﬁa%hlges%we i(hévﬁtvﬁhar? RlpFREHAtRAs SRR B or

curre et wor Hopfi el d network, Baltzmann
rﬁpteshnmaonsmahogl moreNhgn, twodisgigle %bﬁwdlnﬂfé‘:w‘emw representations
be i ncluded in a von Neumann architecture
ngqﬁg ¥ ed data and code) or a Harvard
[zmu:;t]l t eTHeltnenapddviiceendydeptilizeddn o astempiainpeisng 1 | hybrig of one or more
be see fiRl {IEP) von

SR o PR R Al PGBl ok SRlis 10 PRI, (5P

Nlemmhn architemeawsich caiEnevamerty ofithe idataflon progesses Wil the von Neumann

glﬁlegtg%g%rlrﬁgllépleemer@u% tl\?ﬁ\}%ﬁ Hla&fmeﬂﬁ{r%l rtuﬁhple von Neumann machines.

non m ni stic,
Q\ﬂ:h&f)ﬁtbiﬂathﬁhs efimphbee ey nperoosnquentinlly rlrcpﬁrtlleb ppasgcompgsite.

{ | nf&¥ch as counters,
{98% i ze rﬁ%hge{ty 3%6\}%*%?2 1% R us&ﬂﬂﬁé& &ﬁ%lg@éﬁ'ﬂﬁﬁﬁe {&¥ch t

contain electric field
PEFREY, aETRedd, 6r the like. Theenentyy dl«yldde!iayrbe uskidfif egnswmerproskyets such as cell

8}:@(9?\; pgrggnlgr (gﬁﬁlfg\élggteaégkﬁlgétggﬁ%% bgg%;%ﬁﬁgﬁléﬂefrgllm{ey Itf'?eg‘memory device
ti?n'a 8§h§eh ﬂﬁcoﬂﬁ)lexrc@ﬁ@ﬁlﬁﬂ Fkiags such angu?lagsgqewemtee@ by a

ranmar e . Wou e . ;
Eég?]es pgh"d?lﬁ@“‘t %elciprloﬁlagm? Ggﬁm? nung{ous a?\?an{aggs%v otl'i_’er films in

Wich tﬂﬂesel&:traﬁ SorloRGndEtha edetonradteaptosd ang/or the donor-acceptor complexes are
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finite state machine (or. automaton), including a More
Machi ne, a Mealy Machi ne, a Rabin Autonmaton, a Buch
Automaton, a Streett automaton, or a tree automaton. A
machi ne may be classified as recognizing a | anguage
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thiktudtl $viek & W0 Secbd ;féﬁﬁdl wih vigheus smpngzmdﬂlqmre tingpaixreayag further
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hydr oxyqui nol i ne, pentafl uoroaniline, dinethyl

ant hracene and the |ike, as thicknesses approach 5
about 100 nm bake tenperatures of |ess than 100C are
desirable to avoid virtually conplete |oss of the

acceptor terial . Jln additi t ol ' -
vigiBy PRt st Gt oo bolf R Fert reipiated o
miSSHAVRIEZD @0 eSS 6f ettiagdliafid sspmtitep osing Drenpffugdrdhe product was

casting solvent at |ow t; ratures. Mol ati] | Y
wserensan G Sronibny i fpLiaien Y Sibhd &8 rcd in vacwum.
TRY pfoRéditdgeldéd o danbpartilestayiag akddius of gepiamiof sppr@umhtely 1.37

contam nation contri butes s“%qhqicaqﬁlﬁ {0 catteri
ngngpeters (Bm) MAGEAg sOlYPLAS MEAPEY BY 'R AR oA EH D B8 vi ces.

[0130] The electric field programmuable film when

crosslinked, is thermally and dinensionally stable at
Esyrenles %P t enperatures of 120 to 250C. |n anot her

[(ﬁE?Pdi fBifdrent &1 naBbSirddldsGreld Stfindanygasingald @mberhtirel of reduction
thermal |y and di mensionally stable at e

eyvat ed. .
duréngrbe addition of NaBHy spbntiop apdyiybseapelt sHERS: i’uﬁ"é&‘lﬁ §iaf} nanoparticles
\»J%Eeoa?s%%%{a 4By @H?i_n? QRUIGBEN tife HAME NBHE sch1oh GE the Gridllar batio of DSH

carried out W thout damaging the field programmuabl e
t§ HARCL:SHe® Besufisare pmmaized Blgfﬁé%tz Yiged  phot oresi st
application, etching, sputter coating, vacuum
evapor ati on, adhesion pronotion, chem cal nechanica
pol i shing, the application of another field
programmable film and the like. [0131] Sone
enbodi nents of the invention will now be described in
detail in the following Exanples. In the fornulation
exanpl es all weight percents are based on the total
wei ght of the 20 electric field programmable film
conposi tion unl ess otherw se expressed. EXAMPLES
Exanple 1 [0132] This exanple denonstrates the
synt hesi s of gold nanoparticles used as el ectron 25
donors. CGold nanoparticles were synthesized at room
tenperature using a two-phase arrested growh nethod
detailed by M J. Hostetler, et. al., Langnmuir, 14
(1998) 17. In a typical synthesis, an aqueous
solution containing 0.794 grans (g) (2 mllinole
(mmol )) of tetrachloroauric acid (HAUC143H20), in 50
mililiters (mM) of water was added to an 80 m
t ol uene solution containing 3.0 (5.5 nmol) of
tetraoctyl ammoni um brom de. The m xture was 30 stirred
vigorously for 1 hour. To the separated tol uene
sol ution was added 0.81 g (4 mmol ) of dodecane thio
(DSH). The resulting mxture was stirred for 10
m nutes at roomtenperature. A 50 m aqueous sol ution
of sodiumtetrahydri doborate (NaBH4) (20 mol) was
then added to the m xture over a 10 second peri od
with vigorous stirring and the resulting m xture was
further stirred for 1 hour at roomtenperature. The
dark col ored tol uene phase was col |l ected, washed 35
with water using a separatory funnel and reduced in
vol une by approxi mately 90% under 38 vacuum Once the
t ol uene sol ution was reduced, the gold nanoparticles
were precipitated by mxing with 20 to 40 mlliliters
of ethanol and separated using a centrifuge. The
product was
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t hen washed several tinmes alternatin i
( gly with ethanol
and then with acetone and dried in vacuum This
procedure yiel ded gold nanoparticles having a radius
gf gyration of approximtely 1.37 5 nanoneters (nm in
Tabegane sol vent, as neasured by | ow angle x-ray

tteri ng. Exanpl es 2-18 [01??1 fferent -sized
nanopar ti di es W@ obtai g % Ryecesr ARG 1"?1‘%°“t“5'f"q)er?d“{wfg ration
gid¥@ﬁgct|on M@uﬁa@g the “Addl tion bf Na@t sol liti on®m

slihsa ant .ot T -

Al = A oo TTU .‘2‘ I I I I . LJI Izbl:‘l ETil SI Zedl()nano irtl

10 V%re allso obtﬁal ned y_var \ ng the—add b5 + U”p( i ”cC“'aS
Fhe3NaBH4 sol utildn or the nﬂ?ar rati o op DSH to i
Eﬁuﬁiﬁ;dHfUL RESUT s afe surdfmrizefl in Pébl e 2 belovb.36
S>Y9—1A € Exapie—234 5 647 8 9|10 130(5].2 1 37
16 1 18 DSH/ Au Tenper bt ur e{C)}-NaBHi—addiion ?i ,];i 19
raditus of pyratidn Mol br ratio(sec (nm 586 220101 7 14
T T20T0T. 2P 2 55 1.32

8 ) 55 206 1.35

10 1.28 55 500 134

M ) 90 10 1.34

i 11 90 255 1.39

16 02 90 500 273

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 gummy 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 (HC) (400 ml),
saturated aqueous sodium bicarbonate (NaHCOé) (800 ml), and saturated aqueous sodium

chloride (NaCl) (400 ml). The organic phase was dried over sodium sulfate (Na2SOy), filtered,
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2202551. 36 2205001. 37 2205001. 41 255101. 32 2552061. 35
0. 2552061. 95 1.28555001. 34 290101. 34 0. 290102. 16
1.190101. 44 1.1902551. 39 0.2205001. 99 0.2905002. 73
2905001. 33 2902551. 31 Exanple 19 [01341 Thi s exanpl e

denonst r at
o RSrY s et R g s AU LERE Bt o
bafch,@ss‘}gm\éa&t&gw(m@@{)\(\adohnm condenser, dropping addition
funnel,” nechanical stirrer, and gas inlet tube. The
flask was charged with 9- ant hr acenenet hanol

E){aﬂf%legﬂ)r ans, 0.235 nol) and purged with nitrogen for 10

m nut es. Anhydro t et r ahydr of
03 i dhis %ﬁ@@ﬁe@rﬁwgﬁ%éyr‘@%m?"@  ipeRifes 1 Vical
syﬁrg]@ﬁ&&(wasac'ﬂgreh R6t ih @ Sihitat REnned &) dtbinpIB lwaﬁcepﬂﬁhtadlyﬂmx@@molme

acryloyl chloride (technical grad
(340 gramsaP@35 wol3 #3s ugd jfoplycegh 8- aﬁ@&?@%“’ﬂ@ﬁ’ﬂ'@‘ﬁa SYri rrge

into the addition funnel, and added slowy dropw se to
the vigorously stirring solution over the course of 1
Exmmple 21A br owni sh precipitate fornmed and aggregated

[0'1?6]0 aTl%I %@%ﬁmnyfnﬁ& lﬂre&%th&ﬂs' df glahbﬁrdc%eﬂ{eﬁ@l ﬁGthLMri'lhteIZ-

1rri reacti on was at atenperatu
hﬁfb)?eﬂ\ymndmwr)éatamomr 1 AERO eml |3dwelerdtrew@rbsa@a flask warfmed with a
or t
cod-@ nnsgrhan gas 1{1%?&8% LR dzﬂ 4%8 Wnﬁrnﬂl'(%m for Tg tﬁ'ﬁléu?&?gggﬂ?ﬁmi t5hen
chupgedaddiald0 m of marsecaekahydmrmhéf e%,@%hra@rlen@%é?e&?&fdla‘e
(ﬁmzﬁ)@ d' m1S 3%%9:%&} Ada- ﬁ,ﬁ%}gkmylmacgm@mmn @Fml, 10.0

glEcedsi ve y Wt % aqueous hydrochl oric
gakiS176.8 MBI this witwe weealded L wgblswplehqxavf‘c%r%ﬁ%‘ﬁb

(cg)mnge%é' %R@%ﬁ@réﬁggﬁ'gﬁ@%@ géj gggfgx%@ 25GhMBN, 2.85 % wiw), and

_ hase was dri ed
m\serunsmdamtsm bof reflex. (AMee2 2Ours.fan pdditiengl pordoneaf (Y A% 88 initiator

4 YERE, ADIRSTRYES LMk VAE Hftea, TE

d, an ol %%BH bl W4 rEUAdE s ther 24
((E?O%fa!gf %Cr a+' Wy e a e (l:lhes JSI i or another
hbﬁkh’aliu)ieac(trbb@ab thérﬂﬁ@alqmtc) room temperature and the THF solution was poured into
500 ml of a hexane/ethyl ether solution containing 20 volume percent of hexane in ethyl ether to
precipitate the polymer. The solid polymer was collected by suction filtration and dried in vacuo

to yield 19.5 g (98%) as a fluffy white solid.

Example 22

[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.

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, round bottomed sidearm flask (the “reactant reservoir”) was charged with propylene
glycol methyl ether acetate (PGMEA) (117.5 grams), 9-anthracenemethyl methacrylate (46.0
grams, 166 mmol), 2-hydroxyethyl methacrylate (6.82 grams, 52.4 mmol), 3-
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Exanple 20 5 [0135) This exanpl e denonstrates the
synthesis of quinolin-8-yl nethacrylate. A typica
synthesis was carried out in a simlar manner to

exanple 19 except that 8-hydroxyquinoline (34.1
gr ans, 235

AR ER TS (25550, Gy v 03

grafisang MndONORSdsR vasfitiddavityarubiees sepuof cap. An outlet tube, connected to
an glggtpptg&raa}? g‘{l e"ﬁ%nwﬁefs%% t ﬁ{ghzthg %)ec e%etrAgﬁl“ar 3-neck flask
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OB AP B B (PSR Wit e P Syggbed t
eqﬁmﬁla)e ThO abdVk QesdtidddihshoWBSin@tfhee dolution was fed from the reactant reservoir
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whichntiree degassed tamylmReoxy Palais| (11 igBswis® BBIgPaRd PAMEAGS grams)
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une percent hexane in ethyl ether_to
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Exa
teﬁlﬁerfliﬁl@T]BSeﬂllf@ apxddipional brawrhritcogled b Fopm ILIRTTAEE ?@ t&‘l"s’z”ed toa
yl methacryl ate/ 2- hydroxyet hyl

mﬁ&@ﬁﬁ%ﬁ@ zte copol ynmer. This synthesis is carried out

in a manner simlar to that of Exanple 21 except that

U|no£4n 8-yl nethacrylate (7.71 grans, 36.2 mmol) is

&géd In place of 9-anthracenenethyl nethacrylate, 30
[OE3%p| Ehig sxa[nmems uPHértakendarspthesize guinelin-Sybmethisylate/2-

nthes t Hosbyl TRk RaG Y @fpSlydre Aty ical

e e PR A SRR B Py PRy hﬁ’g%s. BTt ony T
synitiekia omy taatie Mnmhgtmenrstmihn tQ thagof@nm 3P gxcept tB*GG“‘HPl‘“ -8-yl
n}eg% G%CZ §§) glams, Gﬁ:ar g Ee(( i ce BP@Qﬂtﬁ%enemethyl methacrylate

pyl ene | ycol nethyl
aed dhe Feaamﬁtfaztdeat(e Rab/abant 1. Q()_]_ﬁil/@ugsrugln’él)it the total time of addition'was 120

9- ant hracenenet hyl net hacryl ate (46.0 35 grans, 166
%), 2-hydroxyethyl nethacrylate (6.82 grans, 52.4
mol ), 3 41 (trinmethoxysilyl)propyl nethacrylate (22.2
2589 4 mol ) and t-anyl peroxy pivalate (7.5
4 39.8 nmol ). The flask was fitted with a rubber
[®Krap] U nnnamrmmaumm)k Ehis dxarople wao prepaedly reesting the 9-anthracenemethyl

AT S TRy B o

vMﬁ\' tH@gcﬂd ﬁk@lopzfr&@é«‘stﬂ‘MEm&Qﬂel {0, 0 ASvasanas)) mq@imsq,wwlgld of
rrt]e%l%t)(lylge%zeql% r;}:lcli %—'heptanogg 8% 6@ grams). The formulation was agitated overnight on a

laboratory roller to dissolve the components, sonicated in an ultrasonic bath for 10 minutes and
filtered through a 0.2 micrometer membrane filter. A test memory cell was fabricated by spin

coating the formulation on a silicon wafer having a diameter of 100 millimeters. The silicon
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5 "(variac), a Friedrich's condenser, a nechanica

stirrer, a claisen head, a thernmal probe

(t hernocoupl e connected to an power controller) and a

nitrogen inlet. The flask was charged w th PGQVEA (275

ranms) and the te er at ure L ilicon
wally PG e T St F ALy B0 SEAREE] S, RS silico
wafdPREIMET baked b4 Kotplaw latit 1060 fowdd séoeuldsfto give affidm havieg & hickness of
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eqti} npaboat umeraangertes @E9f erred to a suitabl e container.

20 Exanple 24 [0139] This exanple was undertaken to
synt hesi ze qui nolin-8-yl nethacryl ate/ 2- hydroxyet hyl
Eﬂmmbhaﬁrylate/3 (trimethoxysilyl)propyl nethacrylate
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e caomponent
pSIgRECHQCkilin s Biketl h kécafdtine obahotplaerat 1Q§)° @ for6sscends
flltered through a 0.2 mcroneter nmenbrane filter. A
test nmenory cell was fabricated by spin 35 coating the
E;gﬁ bation on a silicon wafer having a dianmeter of

| i met | 42 vt
ey b L tiner Giserpog vty coURRTE R kR e

thh]ac LN dr >§/€th§1| rhétﬁdéfylat&\wperymmﬁomf&mnblaﬁéﬂ) dgrams) with gold
hot pI ate at 1

or 60 se
rapcpickn 528 ESAmPis 0075500 408 BN G aing bz B 2 pncne
(f“’féﬁﬁQs THESheMBRABENZRRe 4HaAN2- Hﬂpmﬁem ©lixed inof ratdpofUlt: 1. OTlE

fm@pgltsganﬁétpef{;qwaqggg@ Erg ; %apgrgtog)fn; frdo H‘Sf (Ethe covr\rllepronentt.J;I §ohicated in

an ultrasonic bath for 10 minutes and filtered 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

that in Example 25.
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5 through a shadow mask at a pressure of about 10-6 to
5 x 10"5 torr. Current-voltage characteristics were
nmeasured using a Keithley 6517A electrometer with the
silicon wafer configured as a ground term nal and the
al um num el ectrode configured as a working el ectrode.
The entire neasurenent was controlled using LabView
Exafplewsre (Di gltal Instrunents Corp.) that was

tiall d t
o BT TR i g i
mé[ﬁh%r%é@é/i-ﬁﬁﬁoi)%ﬂgﬁm}é\?&éﬂﬁe Bopdilnhks fieth etxampl\t @R 0.3 grams) with gold
overarivin e ce urin Si t e an a
napesurtisys fomisgple R 10T BRny &b R PG R A RH G-

m?ﬁ%[ﬁ %'d].yméia‘%%ﬁ A NGB0 10 € Gdis), bmntaibeﬁﬂyl fb@ylﬂaﬁtﬂﬁi‘qne{o 281 grams)
e typical currents in_the

(hgpesivehenzyh sy pe SOBHATRROIESHINT of PV EREHRpEPHE (1 |1 pieure of

mgf@ggén% J?e@n&g lmo-ﬁg)eanﬁ QU Abir©6¢ Réthdxybénzenean R deptanone (16.1
repared by co | ni n t he 9-ant hracenenet hy

graeph Abe formuletian ingeite ybé@rnl,%ht pe IRasatony Apier iy %ﬁspgyﬁgp components,

SO {cgt@a Eﬁaﬁﬂa@oxﬁé‘ z{tleo;:‘ 1@51«?1{&95 ald tilter&Pihebugh 2 02RdEmeleLMembrane

grans),
flllc,r3A4¢s6memprya:h]l g(mgthh @(Snn@tlﬁyq)f)thlﬁ é)fqnmlﬁ,la fabricated and tested in a

mag eg al%qgrétoﬁ] F&ésgﬂbqa;rp%?an%fg’ﬁdéﬂgﬁ (e thk%lyﬁfeaﬁﬁ):d film is baked a
nt ol uenesul foni ¢ aci ution (1% ww p
setmiduemaamﬂlfo@htcata?@p?jCimﬁﬁitSP@ndﬁ n 50/ 50 vv/ w bI end of

nmet hoxybenzene and 2- heptanone, 0.201 g) and a 50/50

w w bl end of methoxybenzene and 2-heptanone (16.1
Egarnmias” The formulation is agitated overnight on a

N A BYREMBMINg the 9- anthracenemethyl

[dégﬁ a#}?e mﬁlﬁéinogu {trlgg%%agé Esat &ﬁr W%O m r:%t ees and
miihhdrgined-tydraxyeshyl anethaprytatesd- ﬁﬁ@p@pxxﬁéﬂiﬂr%émﬁﬁhlﬂﬁ%‘ﬁte tegpolymer
frgs?jﬁt%% lm}5¥1} ag l&tlonl&ﬁ I\gﬁ (i@ m%ltlﬂ:tsbﬁﬂoﬂfwﬂﬁgoﬁi nanopartlcles from

rlcate t est as In anp
Eeam;ﬂm (QOVstgrarhsg and51: pegleyq!fey Wblabféd nfethonyheazang k@iﬂ septanone (12.93

S ec e f%“}mfa%igl gf]ab%tme?tﬁerﬁ ht%gq I:Q)ot‘zf?(; g@&leﬁﬁm&% the

ornulati on hi s exarrpel
cﬂhpmlalite,dmhyatnbn‘lan nltllag)ntdmt}x;fgr }Q)mmntegaxyj filtered through a 0.2 micrometer

hac Ae{ % ém%rﬁ’ gg@{ﬁ%ﬁ% khe% iro}{ |o§‘ﬁ1?s &Qfﬁﬂl: VA®fabricated and

‘ teﬂ&ﬂ @pﬂnrﬁxlambkeSZSf ¢xoent E»aamp be\ymer(@smngwafrb@yedmw&d Mg a

h%{%%?ﬁ(gﬁ?gﬂ&ene gnd 2- heptanone (14.63 grans). The

&R 2- heptanone are mixed in a ratio of
1:1. The fornmulation is agitated overnight on a

abor a %‘iéﬁ roller to dissolve the conponents,
8HPEY in an ultrasonic bath for 10 nminutes and
[6145] er efthe tdimugm for Gach ofriheseammnples Wasiiverared by icpmiping 2.0 grams of

| -
ssation & Sragrrnatd peatr el P At M hhechlisn, |
(trﬁnetlﬁﬁy:ﬁi?@bropﬂ nﬁmﬁaﬂﬁ'ﬂm tﬂﬁ)olyﬁi&r fiona iz hwpl2 83 [wirth 49]d muppparticles (from

ﬁqqélgélﬁl ?Ldg} Eﬁlds‘l ly{'mx ﬁg@?@" o? g gx%g%rﬁ%e)r(lg )e{t‘ﬁ? P&kdﬁbﬁlﬁn such a
WL acpsliad £rdugilg kyuibfiuritienof mwmiokle@&d@ygrza As3hown in the

wi't h Id 5 noparticle
'@bgﬁés e iolgthp cg 9ta§{h|r%ﬁl? I @f/c% %ldfoxs' %Qrgfthacry]ate/}
(trimethox ysilyl)propyl methacrylate terpolymer comprlsed 15 wt% of 9- anthracenemethyl

methacrylate/2-hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer in
PGMEA.
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tothate ar 2Z00G4 or 60| secarys. 2p Exaoples 3D- 46 10.68
[01451 The formil ation for each-of

t hoco ovarmal-e X

T arTpy €5 Vﬁ?
preddred Hy conbiing 2{0 grlafs of| a B3 i on| of 28
=anthracenemet g et hact yhake/ 2- hydr 0xyes hyl 25.84
met hacryl dte/ 3- (trinethoxysilyl)ptopyl pethacty

ter pi5l ymer| from Bxanpl e| 23 iPBh go drﬁgt‘?é%’artl 5

o360 J\anpi ) 2— ‘i?’) q031a 1. m ¥loge*E by| we gh0.28
t hoxyjbenzene and 2iheptanone in such a mgy as tg— |
prOV|de a roughly equal nunber of nanoparticles
ighted b si ze 3.3 T,
[@?}Pﬂ hof¥ H}{l fVas 8%1%%tv%nfé]€on a ﬂ%rﬁo@ rolld? € dissolve the
cﬂiﬁb&ﬁﬁtﬁ,)/sbﬁbﬂécﬂmhy dhtaxcym tagH folTEQ iinyitey laed filfeged through 2 0.2 micrometer
t th
( Theang 1 grxg{e%m}ngqng 8@)(1 uﬁ{nﬁttheafgmmlﬁ{ Fﬁﬁs%ilaﬁﬂﬂi@ twas fabricated and

racenene
t&%h@ﬁfﬁb&aﬁp&/ﬁ eRyegt ity potymer-based ﬁlm was baked a second time on a
nethacr ate/g é;rlnethoxy3|lyl)propyl met hacryl ate

hotplaat PHEC foRo% 44 Tabl e 3 Exanpl eNanoparticle
Radi us of Nanoparticle

Example 47

[0147] 2.0 grams of the quinolin-8-yl methacrylate/2-hydroxyethyl methacrylate/3-
(trimethoxysilyl)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-
hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer comprised 15
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Sol vent Added (g) Exanpl eGyration (nn) Wi ght
3021. 70.136312. 68 3131. 29E 0. 063610. ?8 ) ()

3241. 360. 073510. 52 3351. 370. 075010. 58
3461. 410 081210. 79 3571. 320. 067710. 33

w‘%B(’lf(]S Bx&g% %g%(%ﬂﬁéz %g %{%ﬁ%ﬂ%’p\géjaélf%&h overnight on a laboratory roller to

dnéalllaﬁ)e]:&ﬁp@ﬁﬁ&,]@mlﬁedhhbﬁ ltdhiOgofpo 1®minutes and filtered through a 0.2

iy e

fa&%?a and@st6 63 Bx ABplf 03 &6 ptimat Fhefpolymet-hased filmpas baked a second
agi b aboratory roller to disso
tipgen *gh%@ h@tg?"@g Cgré‘i Sed in anyul trasonic bath :‘\(;?

10 n1nutes_and filtered through a 0.2 m croneter
Enenbr%pe.fllter. A test nmenory cell using the

*agPiif8at i on of this exanple was fabricated and tested
[02§8]1 N E¥ piaRls Of 2 ol@icapinpiidiag 1w qf tieydrmnthrivmaauktiyl methacrylate/2-

h&d&?éiﬁ@cﬁa&%ﬁg%%f@i Ml%ro&y?gp 8@%&% t?r%{))lﬁ%exf oqrExgrgple 23in
P@ME%oxlvisréo&le‘:d WRh Rotite 70.07 2y draad ¥ eflhyikture by weight of

met hacryl ate/ 3- (t h
n@@p}p@p%@?angﬂ @éﬁ%;eg? %%oérﬁglé)l g'JB% E&'F’g%l 1%‘}%%%%&% g\}e?mght ona

rans a 1 mxture by wejght of

fillerd Aledy emnmﬂi uging thyforgpultign of ‘%ﬁé’r"%{ﬁ?lﬁ (@ Ei‘g%é/agﬁ i teSied in a

nﬂﬁ&eﬁ &l XL: t@tﬂ%{t ﬁ] ésénﬁYedZSQX&'a%t {h)(ﬂ the polymer-based film was baked a second

acryl at e/ 3- Etrlnethoxy3|lyl)propyl met hacr %

titne ppgmytm@re at 3RS ifercad seepnds; Thegnrsprre onhjurreptd ﬂ‘y '}"ﬁ ormulation was
qgﬁﬁ LQ L?ﬂi,ﬁ was agitated overnight on a

&% 50r at O 5“ er tép di ssol ve the conponegts

sonicated in an ultrasonic bath for 10 m nutes and

fllteagd through a 0.2 microneter nenbrane filter. A

nory cell using the formulation of this exa
[0149] 2.0 grams of a solution comprising 15wt% of the 9- anthracenemethyl nr;rg) thacrylate/2-

| laﬁ&g;%h;’l%ﬁer% Hﬁso@@l the Wﬁéﬁst dn@lfi@srel ﬂ@mgﬁm@'mdnemlne(t@ n&ﬁﬁ»rane

hydroxyethyl methacrylate/3-(trimethoxysilyl)propyl methacrylate terpolymer of Example 23 in
PGMEA was combined with 4,4',5,5'-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
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
pressure of about 10%1t0 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 frorﬁ 0.0 V to about 7.0 V, from 2 7.0 V to 0.0 V and from 0.0 to ~7.0 V. The voltage
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fabricated and tested as in Exanple 25 except that the
pol yner - based fil mwas baked a second tine on a
hot pl ate at 200C for 60 seconds. Exanple 48 [0148] 2.0
grans of a solution conprisi ng 15wt%of t he
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wei ght of nethoxybenzene and 2-heptanone (12.93
Ex?x‘b @gy). The fornulation was agitated overnight on a

oratory roller to dissolve the ent
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4% F g%%ness erFe tﬁJn eQ/f: 01}% Mah?ﬁx‘i fopof the 18m $HrbighQthadow mask at
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a plessute d¥.abGO 10f ® Sa)bljust tod. @u@mvgthe 'q:hq;ac‘éqr]spctsdyprwfegpred using a

t baked é}tc H{i‘%%g:dfag the@oun GRS aluminum
K\téﬂFﬁ %}g%‘ e?ecfromﬁga}vv?}}M% ml n esg abo ute%goo t o about
el]:&Ede ponfiphed asthe ma;geng ﬂequ‘ndm SEhekntire sasashrerazgt yag controlled by

Lﬁil?.#ﬂb{ ?val%g%tz%rgfl\la? noayt tQuréenmok ﬂfo%h@/ﬁre%ﬂﬁjwﬁpﬂk—iéraﬂﬁled

wer e en evapor at ed thernal y on to
inftfiallyh@swdeb Motrhd. @Ugh aoushado fvoma7s(kV 40 0. 9 Vad frogs Qi fasTdt V- The
v(éll?fa%g té@ég Mag&g& gdj\ll\é JGQO avoxcP Svdrd élQngI tﬁ@ée]lmllltngﬂtg@ Fosmve and negatlve

fe fneasure Kei th
vl bwedpet Etrratitd ih theftoff'sitdte wome bwaf?veabo'grl@ mﬁdéuleaﬁaerttm the on’

al um num el ect 0 dth
e e a5 A SO EA A8 VR g nd e
ﬂuﬁMeSé’ﬂtedﬁqtﬂV‘ﬁilﬂ ACI00TRNiSécahd yulamddhawlle nfeaminDihgi ‘erg jcurrent.
I nstrument's Corporation, . and i ni
Thaaelinge vanivoned off fprl GQupllisecpn a\}e W%Nﬁlgﬂ*@% degradation
E]Q S QR Sht Yak Bbserfe®afiér abdue70MIpuge 46 range was t hen
adj usted to avoid overdriving the cell during the

positive and negative voltage sweeps. Exanple 50 5

équrj%gg] siThe fornul ation of this exanple was prepared by
I ning the 9-anthracenenet hyl
[0151] Thge formulation for this example was%repared 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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met hacr yl at e/ 2- hydr oxyet hyl

nmet hacryl ate/ 3- (tri nmet hoxysilyl)propyl nethacryl ate
terpolymer from Exanple 23 with gol d nanoparticles
from Exanple 1 (0.075 gramns). The terpol ymer from
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re]?'eg{l{ilg/ gsged 1ﬂ t@oﬁl s&zﬁ@&%é‘ £0 RAV rhREoidd wivOhiverg arivd tlme of 30 s,

rou .2 mcroneter nenbrane filter
ad V$bnmnm1§agceﬂnb of/\%lsust afﬂllltm‘é 80 py ardAnypfttiag pHRY ust(ﬂ)@ut 5.556

kl-gzg cond. oﬁ%ulflrtﬁtgy glozpsu 28 ra]ﬂrter ewg ?60(%@81%9 q:lgg g{-l\cgfﬁéﬂrn%ble devices

cafl BY diifagdd b sbrptickarigys meOMgbu Suc01 r@[@@ mcte@sqg pmmltagp cpn be described
ohmcm The wafer was,baked o

ana(-ﬁougg sgréeémge tFlansgqr%%ecglea?lw 11t 'ag (e’@lsl ﬂ%: adt Oﬁntﬁf?;gfés of the

fuft®Rtntal BEqueHay. Tie Foliee kaaige for lalsqnaterwmcr@s@(avmk: Gbld@rgesa@ore
nm Al um num dots of abo

mm i n dj
Swfy han T PR LK SO TR DL s, 106 gven
aﬂnﬂﬁﬁ&@ﬂhk Yigh Wreﬁ&&ﬂcﬁéorﬁﬂbﬁeﬁts d)ﬂ‘ﬁl st;h‘kfrowgh }avshgd@w amepditudg than those
D S € of about 0 é &g () rammabl evice is mversely

OfCR}F%Pé?ﬂ‘dal/UPY%&é’e E?R.?F‘&ET ’@F‘f‘%“ch ekafige B ﬁeas Pl fetiss ng

proPorkiShdi B EqubiRy. 7 fn&b o) & BIgR frequent t rrouhbecompbmowxlmmcbtp force
céggg; ‘;hg;;rglggle gzvéepfg a\mrﬂxoo; ng?é ?sgg yer(S%)eolfltrlr&P% o 1ts gmﬁﬁ’t{lﬁeo qfccordmgly,
progFRiii adi¥iSa i ploplan@tibleevitaivh eana\tme {imbkigndl supinas

National Instrunments corporation t
by i RS VT B b G B e
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E§(Wﬂ Rss Currents in the "off state wer e bel ow about 10
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[QISVA ‘The formplatigppfor B'néﬁ exagpleds %{ H)g b\\{f\enflgg %3 u?al?%}il be Example
3?6%!” tﬁﬁ%ﬁ&ﬁﬁmﬂfb@' Eﬂlﬁﬁle 4piHl SEUraiie Pe %@ﬂi yrhaibleﬁdéd farmghlaion is

d | dt h whi |
agitatedehot 2(; ;%%gs] B pfaaggtq\;\mh@llﬂﬁnﬁ I@étgrafl L@i’\ %ﬂlcrome?er membrane
tﬂleL A% %{: Q{?&ry @%ﬁ ﬁrfab?éﬁgd By SpirPidatikl thdordulgaod cbf(tl&i’]iresent example on

I on current was obse

v
aalj)@umllm&@:@ (xpmxl) gbgon \g@er@ghﬁqeé omg h?telfgﬁ 1 1-|q1 é:e t((j)r 8(; seconds and baked

a sec ml'd | el B H l-ﬁ até %1'2@0“6()5 TR Be VRS 1B ERB AT thicknassisaaboat 20 to about
ar to

le 50. The fornul at
toesutne The lavaagteﬁiméhlclgieﬁﬁ ip ahpout 3 R AlunHngs dof, P’lea%g'ffvgaﬁ'ﬂgl n

(f el tl,ter 3 atpolﬁ} #6860 ofhicRhQY Bre QneV el RoralddQndiinbily &B@p Bfithe filmlthrough a
the’ce was repeatgt sty essed in the
mcmemmlangpwvsua <5 b 30 hoss S e omenyaolee sipgtteriics ar

T%)aébred gi}rg o1 Kelﬁﬁé'r&rﬁA e?ctm& e ol dilfdon AR Eorfﬁgﬁfeﬁ as the ground

I cant degradation of the "on'
Q\Uﬂlﬁﬂh\immm@hsmdﬁednfmﬁras gtg(ymrklgg xqudgy'Emeecgtlre%ﬂﬁpgent is

oHtr%gg?Fa%@LgTu/ngc 2;% pfq% z{mx%ﬁﬁi Jnﬂglli)’ &%&/@&) 8 0. bashador 9.0 v, from

a7.0 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.
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repeatedly stressed in the “on' state using a 0 to 4 V

trapezoi dal wave having a rise tine of 30 s, a 4V

constant voltage tinme of 30 s, a fall tinme of 30 us

and an off tinme of 90 us (about 5.556 kHz). The "on

current is nmeasured after about every 1000 cycl es.

Fi el d progranmmabl e devices can be danmaged by abr upt
Ex&hgeges in voltage. Such rapid increases in voltage

can be descrj bed. 10.as_a ,F ' i 8S; F6mdudtios of Example
[0154L gdbe g’é@f"ﬁﬁ"ﬂ fgr g‘ﬁpﬁxﬁ?ﬁlg] gsLbrvr\% ﬁedi&iﬁg Ecgglg ?ﬂ? nul tiples . P
20 fith lthErorhulabae Bk ahplé 4 Bigpacntsatio bhweigbiu Fhe bleadad; farmuiagion is

a square wave, f exanmpl.e I &¥ membrane
ockrgior Hmpois e RoaRopL)  od ATYE BERT0% mECARLY et
GIMO! A RYEMERSTD Sell g the Pimnelationafis ¢xathple is fabrigategipnd tested as in
frequency conponents of a square wave have a greater
Exampleiddude than those of a trapezoidal wave. The
capacitive reactance of a field progranmabl e device is
inversely 15 proportional to frequency. Therefore, a
E)h'mghSﬁﬁééuency Fourier conponent will tend to force

ofs51" enf‘heggxlgﬁ& Rs bR uﬂ@éﬂiaﬁ& tgﬂelﬁoﬁs&htbgft syitbesisi of pelyestgnbipders
proportional to its anplitude. Accordi . ith
hayimggeceptor mgicties. i alliFases. e FageThis BFTg Q‘Pgﬂﬂg‘ﬁ&e"d‘é‘ﬁﬂ the reactor wit
e ¥egal% 16 BB 9Rfer b 38itibh. MEheSTbALIAM setuprdonsisted ofieffher a0O0 guldifiter or a
I'na trapezoi dal wave will reduce the cur rl%{i‘}rerftg@fi&gmrecontrol
250hmidiiligér thrbeneskyioprd-batigmyflagk fitted vt 4 pechpmed! Stitger 1
Exanpl inJ BEndOEdHdb b, Daar-Starki thipsanebnimgbrepuirge inlet
b‘B‘r%p rerglglﬁqgghg%g%}jlin%g tthe fornul ati o$ of ExartBI.e te(%ETableS
(swietrh). Eimb of herredctionsoreroheaed e dmgand fgmpergtuge indieatedip g
| OBL; DS GRt) @ks peSformdd dnailllgalyirer sa@iples and
b%‘ﬁ'u?'%‘spegﬁ‘%g% gﬁ%r%ai?%r%ﬂﬂol I %ar albnd filtered thr cr)n%gelg l?tweight
s@utnsriccdemmeine weighhayerge mplvcylan weight and pymaber gyeags JOTEY!
| S .ab] inGRl | NAf 9dd Jag mieRewéro Ealebad bpfiltafiort in@ Buchner
anjndicdl ’ng%aﬁ%llégy%e?ﬁ“a 100 nl{élgll i meter (mm silicop .
fumtlexir-drill, baktben diiedan YRS MAETRPEEAIUTES of 3boYt D 1) T
and baked el ubNaq@enh P iiRbchied imsoh2B. Thefperce@Bolutions
PEREIN s ecr)nogﬁe@g&gﬁgrisl M t hi cﬂngsg of about .20 to about ;o
vieRObased onThethereticabyielfli The pyRihesinwyaIvedsingach jpdigigua] gxarm
ﬁ#md‘tu?ﬂgqgéo‘gf about 0.5 mmin dianeter and about 45
S8 PAFékness are then evaporated thermally on top

of the filmthrough a 30 shadow nmask at a pressure of
%‘1%%15% 0"6 to 5 x 10-5 torr. Current-voltage

eristics are neasured usi ng a Keit%g%mgSl?A
(01563 L I CDiRiethy] Ib-niphttiagenedicarkasilateePe A3 88RE % 5 the

%?‘WSF@GP@‘%@{C?E%@ . g}&%.‘? |51, Q@S 1RO Alve ¢T.6Fgrags, | BRmmol),

entire neasurenent

AGdtdl 0 2%8gtay, TRAbVMely apbparavtaluenp p%@ﬂ&ﬁﬁ@d"ﬁﬂ ©4p grpmp24
%nvgﬁ gveifff{cgﬁggd 8) \4e§c_?191?§9#7t R_Zl_?]cgoh/ conditRfd ard stovéh il Thisle 8 bllow. The

o e voltage range is hﬁl
RejIdAtpRnies waydibslved oy arampunicpf 36 witfedn 2 BYX UG O F‘ﬁ@‘y e
ositjve and tiy C ; (MBRDERa aRbde, Zherein the
1%(9‘1‘8‘1]50%3&‘?(Sﬁﬁgﬁ’a'wﬂgﬁ\é%érﬁ%ﬁ}séyﬁmI e i)s repared by
RhigRGicRGnt bre bhet npbrethe oel ekigheitr Rolyma apwelhay thpweight of the

formul ati on of Exanple 47 in a 1:1 ratio by weight.
R, HRM 8¢ 2P %l ation i s

Example 56 .
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5 agitated for 20 m nutes on a |laboratory roller and
filtered through a 0.2 mcroneter nenbrane filter. A
test menory cell using the fornulation of this exanple
is fabricated and tested as in Exanpl e 53. Exanpl es

55-58 10 0155] The es un to
[0 honRimg é‘ %%@a@g\#ﬂﬁ‘f%ﬁg?mﬁé% dl‘t? hgkoqy havi ng
d11ﬁ&ﬁﬁ@¥éﬁflth9fﬁdﬁ@14 fgramls J74a thmolaeylent Bbcwlé'a@@ giamsvid b glmol)
initial ycare i ctor
glcarol {aOkarms 17 i %“?’é’ﬁggfhg%@g‘ét%‘r?mé’ t“i’ft’é e r%rsegw%a““’“
129 Rehdi1d8 CoritiA ardishdvin intTable Gbeldw. AHO resultant bquneqrr was dissolved in
t hree-neck, round-bott{om fl ask

anmg@hlamf ég[wt‘@ in # mixture p@%@}yg f s i‘fPE%lan& %ndsole wherein the weight

pefd %ﬁ@%!e%&éﬁ &r @b fotal ARt mherwyxh@,as @eImaehs ekight of the
an- St ark rap and nltrogen purge inlet 15 (sweep).
tetrhydropifury) elcpkol end #isolener e heated to the time and

tenperature indicated in Table 3 bel ow GCel
pernmeati on chromat ography (GPC) was perforned on all
Epolple®r sanpl es and solutions to determ ne wei ght

(073" agﬁm(mly?'z"gln%htmngmar%@l 90 gAKE 355 miRblgithdhyl

teppmym szmgamsg ﬂ{ig ﬁ%&l)}ag&;ﬁ??:’a?q Bams, R%VZ[Z /é\luflb% ngég (0.84
grft'nglﬂggir m g easngg 1§&i%gu{hq%%§ t%)g%egdéhx%g% irorilcl)é/nlg?dgg? ﬂgsk Reaction conditions
P :slggg?ggwnz, below. fFbe teeﬂtapmoymsva&é%?ﬁd b%@h‘ﬂ’é‘ﬁlf‘mi “zi 1(; W‘Z‘:li: a
miXIE Q ongl{ %@ afiﬁ!)lg Wﬂ%ém tﬂ@\@cl é)?ﬁ‘:@ﬂt iSEHséd ipeh the t ight o

eore The synt hesis invol ved
polymerass lwellaslihe waight ofebxtaﬂﬁMeanFi@mS@lPscussed in detail
bel ow. Exanpl e 55 25 [0156] Di net hyl
2, 6- napht hal enedi car boxyl ate (24.33 grans, 99.63
Exarnple 58 di net hyl terephthal ate (19.44 grans, 100.1

(gggic gllm I'lgyl ?356 a?h%&%e_?%?\tf@ﬁ%%é @3%; #ﬁam aglmgle)ndelmethyl

seghiabni 1338 gdtn(sFGBEQl&)m@@l),z%ycggohﬁé 72 zrams. Fg] PGB I SA (0.45
n i aBtion
C av\%g o%a%rr(f a%%%{) é?ﬂ;&\%\ﬁlla }(werga?a?%éd%‘the Qdiidn SIS, Réacti

resul tant pol ymer was
cdﬁcﬁt&ﬁk wedhéwn arTablkgelovwofThe Geswitayg polymernyasdigpelvegrin tetrahydrofuran

2 30 hydr.ox 1d of
e L S e e
8. gk rdaelltdhepﬁlﬁnarv&s Idasrﬁd:dup anamq;m;t Qfoltoaf{t%/\)&ag]pﬂ(tUEﬁo f{HBM and

aﬂ’g%"é il rgremgk%mﬁglét pglgerggs Tzﬁtic%l)pon ge t&tglﬁwﬁlgllﬁw th%ﬁ@ldas well as the

veei it 6ERE HBM ardeslisclar boxyl ate (30.5 grams, 125 mmol ),
di met hyl t erepht hal ate (14.5 grans, 74.7 mml)
ene glycol (7.20 grans, 116 mmol), glyceral

17 gr ,12.5
mol ) wer e char ged| t Beagtipeatt |1\6~7{R{)fl .n(gggc i@ dispersity
coriairl opdeapPEalifon, leé d3b) egR/nRat oWV, ghhiols esuU ant

in

pol ymer mwas @dcpsol v an am)unt 0 10 wein a

(730 gr[’:mea&ﬁn ol ) and| PTSA

mxture pf tetrahydrofurfur hot—at msote
X 2.28
whet%ei n thelwpﬁht per4cent $ af gg%asod JZ%% t he t ot al

wcisgli of thggol yier as well a&g3g he{weizgig of t ha.72

57 150-160 55 1225 (UV) | 425 (UV) 2.88

58 150-160 13 16459 3902 422

Examples 59-62
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tetrahydrofurfuryl alcohol and anisole. Exanple 57 10
[0158] Di nethyl 2, 6-naphthal enedi carboxylate (47.70
grans, 195.3 mmol ), dinethyl terephthalate (25.90
grans, 133.4 mmol ), glycerol (32.90 granms, 357.2

mol ), PTSA (0.84 4.
[01601a s Fachef ghepobimse ao%t?prr{?ﬁ@mrl‘éaetﬂ%# ??@31@6}2"}&@%']8?1“ i
con%ﬁﬂg%é h %pﬁns (@F)Slyﬁlgﬁm%m-ga Riid é&ﬂi ﬁ%paﬁhﬂbs I’fﬁﬁUlE)taﬂfple 1

sSolved in an anount of 10 wt

(0 SADGAm, ifcohBA g b NREREhY) Q10 gk e Blafeapfonic scid
(P’f‘SSAr)leglggl} (#%\%étl Qﬁl{fﬂ* ?Alud@ﬁ'ngnglﬂf/SG R8v Biendostl p)‘d'ﬁ?fenﬁ@lycol methyl

t he HBM and ani sol e.

et@mﬁhemmtmdr@y@nmtmmﬂ ELi) av%i%%%%w/(“z‘éefsh& propylene

glyg?l dﬂ%hyl 8%6%%}'011 ég{a}cme}% I&% (Rg ut ﬁcez{cﬁﬁmt?&l%h@r (ﬁi—3l Eﬁms) The
formﬁtﬂti))x;s 4R £3itated oudnig®ngylahesatorp rallemqqg gsglqgﬂwg cglﬁp%pté sonicated

in &éﬁg%og{(i %gtﬁzg?{\éxl%{n%n&t@saingqﬁte{?g tﬁr&f‘gh Q)a%ﬁﬁcfﬁ?néctér@l%!ﬁ\brane filter. A

I'ons are shown In bel ow. The
tesk @Sibiyasll isfabricatred byvssn cbasisg)thv &ximulatipwef thtprasent Grpgple on a 100

by TP b o PGP TARbo A 5 el P o 0
setlfcﬁlgwotg%:a fﬂﬁ'tlﬁfﬁﬁfﬁss\/ﬁabcdjt 86 olopatn |typuatiy abmu A niof Alugnipprglots of
a mxture o a
e s e TGS RS bRt B o coor
th@ﬁan\@ll'cJugﬁ§ sHadw itk MR paturObf dbbe IHBM 51ick 02 nors oCwgrent-voltage
| e 4"React i onReact .on I@ )7K| g l%
chg;aqmtlésrgﬁﬂ@psalf (ISHE ﬁé(eltm 6517A electrometer with the silicon wafer

grgln{dl IR SeHTnIR! RRRIHoh MR ds Yhe(Wdrking electrode. The entire
55150- 2004406517822, 28 561601 638

quxg@ergmngq_l@gg)y(l_@/y I&ZSO%W g)nglglnstruments Corp.), programmed
1n§§ﬁ$% shROL PR 6293 ROBGuZD Exeiph 29 \Bar(ﬁzvmd[f@qu toE4dhV. The
e pol ymer sol utions fron1E§
v«gmmn@ns 08 s o8 SISO Sy irae B BRif{E B pesadve
?Q' &;mnth t he gol d nanoparticles fromExanple 1
0093 grans), glycoluri

1,3,4,6- tetrakls(nethoxynﬁthyl) (0.070 grams),
Egﬂégggpnesylfonlc acid (PTSA) solution (0.233 g 1%
SO

lution in a 30/40/30 w w bl end of pr | en

[63ic ol ThistayiplEwastundertakgroio JRBRRSHAR é‘}eém‘yﬁﬁlso‘s%%ﬁmyf%ﬁ%ﬁ(”r“%

_gr%;;g%eg{qg%nyd Fg'baﬁ tgllu%P% q?et;l Q4. ?&)(W @é heey, @ grams, 11.1 mmol)
§ agﬁeambahe&amﬂaﬁ/eaaxbye:urmxtymagppn@stmmban@tdrmp%@qsae -arm.
(12.11 The, f

o6 e Ay A 2 iy AL s, 0.2 )

TRO FPANE RaS ref1548 uhdéraegon with rapid stirring for 48 hours. Over the course of the

O—

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
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 Cos(M’-CsHs)a(1s-
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in an ultrasonic bath for 10 mnutes and filtered

through a 0.2 mcronmeter nmenbrane filter. A test

menory cell is fabricated by spin coating the

formul ati on of the present exanpl e on a 100 10 mm

di aneter silicon wafer %p-type 0001 a- ﬂ; andt is
Tepak e tlack cxasthlbtl@w&ﬂéleaqma terstenpted asgPCe Tl s ‘E‘S‘alg‘i T ystem

an glilctrﬁ%nt J]o &)%&C %F urﬂ@&%ng%gleast A oﬂfﬁtloﬁ)ﬁ@b&t@'yleﬂfd aikdeidpecies

ummnum dot s .5 mMmin dianeter and
haeihg vliarges ofidn+df +2, Iﬂ3@k¢1eé§sm6évqlhen evaporated thernal ly

on top of the filmthrough a shadow nask at a
pressure of about 10"6 to 5 X 10-5 ton.

Ex@mplessdt - vol t age characteristics are neasured using a

[qu%bhgld S %ﬁélgf\hvgals §ﬁ‘ﬁ?:[ﬁg enttg d r{s@até e s%tﬁésﬁ Qf CWﬁ%CS(é§3)5)4(H3-

num e rode confi gure
TPL Kpéiganhifidyclopéntadicngl cobilt ueHaurlumemstJa}rCéMt Thfssynthems method of

trolled by LabVi | t
oo, 65 pred greamib Cm QDY CLLEAnt GRTpngT G Bacted it
th@&ﬂgxtu{?z p%@/er (deQﬁ@sﬁ 50 Sads, 139.2GniolY andanéltofuenssobiebit df ahe crude
voltage range i s then adjusted;t Te) was
pro&‘lEt shlutionvgps stnippesiginder yaeyuy Thg éesplélgg f?‘\&’éfoa%qgfé%éis €)a
el\éﬁlalésre? V\E exp r%cgss%gem{nﬁnﬁg amBdiR F hot i1 Sene ¥ plhcRd Wb reezer at

enonstrate t synt hesi s of
a @ﬁ@ér-ﬁflﬁe @5&5’)@((&3&1&' black crystals gf)@,q‘;(j'p&}{(a@pmﬂ% hetgipafter denoted

asq[ flMﬁj o F?)q mié\%gleﬁléclf'lu G yste@? o' %Egg&ﬁqogﬁ)):%aslg opurgl(n%mﬁg at least

thideldRidatioPgeRd ﬁelﬂtstabklspcgleb havisgchaggeppidb ¢k, 3 48 +a qu,‘.pecggely
To this was added 250 nl of toluene and 200 mesh

tellurium powder (5.0 grams, 39.2 mmol). The m xture
EX&splt 83 | uxed under argon with rapid stirring for 48
hours. Over the course of . .the ,mllpgﬁu;EA 2.0
(41631 or Yntyis cxgyPR)p: s PR SE PP, ﬁg(%%uar S&ln&ﬁa nged

P @661 Grab E@MbIned With [GpGTbTes]e@dﬂlS @rRnys) mdwrf@/inayw blend o

|rmed| ately t er ed h
nsperoeger g pracgre (epg Rl R Bl say i ovemigh on
18ra€iip gffleSlo@igdsolveithe camlbdmenas angdfiliesed tgrloggsa Q- %E’@E?‘Q@Fré“embm“e
f;ltgqs :A:pastgg%:gqrg gégl?sgn%r 3fo\rNI tlgtlo%po?:]'x ﬁ?]e “wak ?%b%ét&has uli"ﬁxample

epeate ngs o
keftover solid with 10 m portions of hot t ol uene
were perforned followed by filtration, until the
filtrate was colorless. The toluene washi ngs were
E@Aple®d Wi th the original filtered solution. To this
crude oduct solutio a psRAt
(#431; cclieophigresientmell 2900 e up G h ‘o BRAE DR or e
Co;l,ﬁ'@g‘,eﬁ Qfith :mM@b@Ma]lmne graﬁfspmdtmﬂ)/mmﬂerpro@ thethoxybenzene and 2-

sol ution was precip te Co4(r15-

heptanenek ! c23&remp) iTHE togplagen RaitRe TUsriats i f Byolofy ffier o
diBR iRl Ampdith® af®liRdredthtoupied OsyﬁtrenﬁeleSmcmbraed @ltetrr Ariest memory
donor capabl e of under qe;ast Efourl gXi dati on
ast apiag the f?‘l"@l‘”fﬂ“’%f’%\‘ﬁlséx%r%g%}s %bmf‘ltg P8 “ERERGES of O,

+1, +2, +3 and +4 respectively. 5 Exanple 64 [0162]

Thi s exanpl e was undertaken to denonstrate the
Examiptee®i s of Co4(r 15-C5(CH3)5)4(t3- Te)4d - a

?ggg ? mej h% ﬁl‘flﬁlngﬂ?mmgbres'ﬂ}@on oakalvith tted hid of siieanvedsabated with

er.

e synthesis nethod of
aluminum (about 1% w/w silicon, 45 nm of thickness, pressure: about 10%t05X 103 torr). The

wafer was baked on a hotplate at 200°C for 60 seconds following which a Shipley 1813
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Exanpl e 64 is used except that Co(r15-C5(CH3)5)(CO 2
(3.0 grans, 12.0 mmol) was reacted with the tellurium
powder (200 nmesh, 5.0 grans, 39.2 mml) and the

tol uene solvent of the crude 10 product solution was
stripped under vacuum The result

[ solid .
ph@owgistgas@aplcHg 1By wefst way apaifdhakedaf %‘ﬂ’g |f°fd48|éac°8§,3 SheRoRine
thlEl?kaS@agl l\ﬁql&(ﬂne@eﬂn THeFelise 3aDeMpbsedlin DO prdjéation ﬁmaéldmd then

aced in a freezer at a tenperature

deyql@ed tpgizeroneipgldings @déracew(’ms r@smqsf 8‘)"2?(’5 'P%“S*PS)" 3
mn@xI%Fn%lepsathh@ L@ AL afimiffn LVEJ\@&QQE@ﬂ)ﬁwetHUh&gm@lhgh solution

uster systemi1sS an el ectron donor

compHEnEHIIE B Qectrets CHATORH. S NG gl B o5y Thgilgh was
co%éu%gd% E(Pécfbxeﬁ) tg %gx&gn h%gleeﬁla%nﬁQesm"[ Jvas then &ngeﬂ%way The

resp ec 1vely In this exaqp

foﬁﬁlﬂatmlfmneﬁxwfplee%@amlselnzsate@ gbediomadietpiatd a5 10 fpegffsaconds and
bagﬂp abng(;n%FZmrFB (1)1 al'ﬂ opcml tgﬁg Oé: %?‘gd) E%gndﬁ"té ?v& s:pﬁgrﬁ@ﬁé‘ﬁlm having a

xybenzene
thﬁméss?eﬂabmtéﬂ mme AnidueBuydanesf abJuidS Moy thigkness wy%tgd on top of the

gﬁg%%}f@lg &ﬁn@ O)gm{)htolr%g RotBrea & &Jva? Qﬁ%l@h Qd bz{kgé b4 thﬂate élt 100°C for 60

?s an ered throug
seBonas mmtear coatmgofarfemicdnketeas. . The resist wammw tg bght lrugl hgrojection

on. of. t hi

prg&%{ﬁﬁﬁ? devs pedé? §h_5|1me a ﬁé‘%?%ﬁf%ﬁ'ﬁ%ﬁ fngng fe&ﬂ?qumaﬁlohréf 3

6 saStanfid o parpandicdlartto drosd detdHell/ayyve @abedg)n@d‘omlqt@ﬁ)nmc

d CoT

L T
hdvink: @l&tfg IHRP®), Swith €H; 0O, am%) HIN@B sand ¢ Dwegh adooqu ei¢hige was
on a |a rol L er ssolv
ccrrﬁdpq:tg* aégg t {966 fpe gerbodz)f %8 éor onds e'rl%%g?%%gﬂ? 9{3%[‘%5 s@rﬂq)ed by
ﬂb&ﬁetxplﬁmfﬂlfnﬁfdefbeﬁiplmeus iQrgsstpoint ﬂlmyrm;k patieon wefe supgessfully fabncated in
exanple is fabricated as in Exanple 25. 30 Exanple 67
this¥®5] A 100 nillineter dianmeter silicon mafernanth
100 nm of silica was -coated with alum num (about 1%
W w silicon, 45 nm of thickness, pressure: about 10-6
Exgynple 88 10- 5 torr). The wafer was baked on a hotpl ate
[(W66]200¢hifs @karfiile SncnBEiesithd ﬂarogmmgung”uf aliiekl ;@b‘grghrgyblq@llxg wherein

hot or esi st Th
AL CE T T
Eglrngﬁlg ﬁ?%ﬁf $pin mt&d bﬁ%lpgypdlﬁiﬁ:oﬁ )549&8 BaVingn @sidtivity of about 0.01 ohm-cm
] ecll1 on rrnter an
LT il FRERHR G 8T8 o
of abd\g\ﬂ/e ?5 Z{{T?Sh &hBis cl-EB\Q:dlffbﬂﬁthlla yéabg vadfet/nounmed @iy neasidenmerda magnetic
cnin usi n a I
PSP WD CRBBEERE BPRrHes Lint Srur st fieda scamine
préhe mieBRAPE gdlpitl Wi tfiusQodtad tﬁQaQﬂ&tgﬂ stsurce Bapable of applying a

renalnlng resi st was_then st

BGbigyyaltagetq the W“E)@éﬁ’ﬁ??‘@@@r fﬁégp Fipg %%Igfnt tgrou%h ﬂle dp when the
\%ltgh%t\PJs %;ﬁlea.t Tﬂét%vi&ﬁst&&i £P659 ﬂfé&ieﬁl’piogrammable film in contact mode

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 umin 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

factor of more than 10 than those areas that were not previously subjected to an electric field.

53



10

15

20

25

30

baked a second tinme on a hotplate at 200C for 60

seconds to give a polyneric filmhaving a thickness

of about 50 nm An alum num | ayer of about 45 nm

t hi ckness was coated on top of the 10 polyneric film

A Shipley 1813 photoresjist was appli.ed. ked. . :
Alieoragively.ahedfield poeramgablgdim ayas grogeanmed poin wase?asaw"éﬂ‘eq‘l’ having
elt%er?é B EHTIBESer al) @ biab Sblflze Vithe S8 6Fkht filnh mghhen movang the tip

projection printer an evel dto
rlait 5 pedds. B&wlmthapwpwmnﬁos@amsg H%P'BR ‘%‘F‘P by measuring a

AllaYe BEY HEH rﬁ)’dhz@é bkeh dpbixsle In either case,
cug]e'?atll {EEZP%B ov@kpigggltgé onage hg{& a?le at 120Cdp?or 60

amgmedws apleage has paplied 1oyheRrevipysh Witen e ahahopri 1R 4O -10 V to
or t{ﬁ’é%ﬂlés' ng a fornul ation 15 havi ng 80wt % H3PO4,

%“wt 5wt % HNCB, and | Om % H2O. The et chi ng

was conducted at 40C for a tine period of 30 to 60
Eseplaf®s. The remai ning resist was stripped b floqQ
[oe«uos uA ezsememoiy\cell spmpated agfolews: pdilAte Sak?'rl%ry‘)fyae%‘fesq“wxa“e binder

; f silokalegr 0
O
cdmpbginamnﬂ atpuodl, &6 ﬁnda3 uols %o basedromthE Eeefl stropm cmbwyi friethgyy silane,

- h n rom
mpgla]é[x?lg%xyt axael,]aél }r?e tl tﬁ%ﬁlsg% érﬂr%ﬁ gt)ld'uﬂd%tl difel t?‘d@g Q&SGRISUF fi

rom
TMSogizﬁb Borp@‘aﬁcﬁd irnsodvept Haying about e@ahpoxidns rw/“gﬂilmjthgl glutarate
let%?hl %Jc\élg%g ﬁlb[{sdlglﬁtgy agtggﬁ](}ée(?glg%ngn dre{ﬁﬁgrr% an% %Egt 92]é) QQlended with
2 98% I Suspbn sy @uOdangfartizkes of sifk @om 29 18 @oid a$ Y1 tQZPM the

f o Q;e?rp%g%‘ggfwﬁﬁ;e&ewvegp Y B {\jn ﬁegusééng%n UPAQtﬂnﬁly Tin Oxide
nmogﬁa@les oF sike Iaxgjt B@hm) wisdrein merswnwmle fatip dseabglA 1& gmw, a3§1222DBE

bé{l\%gfeapén@égeg QP é“oé‘ggggﬁgg‘q Wéi%& %a/ 'f‘l{etrgslﬂit%gbgﬂ@fsqaléd'lﬂ)a bottle

oV&hikRAA allsbordierytrolRr ﬁnﬂ“ﬂ&rqdl thnoaghmpqiyetlfydﬂne filsersngnibsape having pore
current through, the t W BEk havi
g SR PO PSP ET Bl R L i
rsistiGity 6F 26O —THONBEM Wi 4 dpmasp&ﬂi of abour §0Q 15Gapm do giga
as to create a re ul ar

at.t

iets o ooa 100 e R B AP e o O 0 o and
t%%ﬁﬁmgb @ sédohdMhotplate raﬁiﬂbhkbg/ ataqom @iforOaedondss Alyminpmpads of

4 V and sweepin ct an t
st 03 Ty SmStea g FF oA s Gyl §ng g pove
sla@loﬁﬁ\ﬁit@s&écgdsfmedcnba%pﬁgul ar pattern while monitoring
the current. The areas that had previously been
subj ected to an electric field typically show a hi gher

Examplef0 b a35factor of 0.th
rahe b sougel Sl s LR a8 uerpotmeri
rghﬁ@ésfléegqufnéﬁhéjhavﬁ% aflapgrbtidaie\e@ipitical fosmila efl HiSiO, .

rogr amrab | mwas progranmed poi nt-w se by tappl ng
the tip having either a 10 V bias voltage or a 0 V
Eﬂaa‘@lf\‘/ghgége on the surface of the filmand then
(690619 FHfGest Bmofy@leRbi BRiniph a6 fabtitaed drep thagthe foemulations
poi nt-w se programed fi|lm vvas acconpl i shed by
pewonenisAge @ %wiy grequntsgs EivERbel%at i on where the bias
vol tage may or nmay not have been applied. In either
case, 5 a negative bias voltage was applied to the

previously witten filmat about -5 to about -10 V to
erase the progranm ng.
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Exanpl e 69 [0167] A test nenory cell is prepared as
follows: A 10% solution of a silsesqui oxane binder 10
pol ynmer, randomy substituted with phenyl, nmethyl, and
di met hyl sil oxane groups at a conposition of about
41, 56 and 3 nole % based on the feed stream of phenyl

trlethoxy sil ane, nethyl trleth
di et hy! désﬁntehgwers;wané’ ?@{Eé’w“heg%%&% "?f’amc'es
GR150F from Technogl ass cor por in a soI ent
Bxampin g about edqal portions ww of d| net hyl gl qt arate,
Bemele succi ndt e and di net hyI adi pate (hereiqunder
famele ¢ d to as PBE), 92 g, is sfended with 15 a5 43%
WU\‘P'E&%peny on Cuo nanopart| %les of size abgyt 29
BRPEAY d as U 1302DBE by the nophase Cor por 3ti on)
FXRMPIBES 5ol vent 4 0 g, and a 5Q,7% suspensi on af

%?’Pﬁﬁﬁy Tin O( nanopart i clgs of size abouty 30 nm
W@P'@ ?1 t he Sb/ m)I e ratio ig,about 1.9 (solgsas S
a4 5) by th nophase Cor p%'rsati on) in DBE sol vent,
Rxagplg °The resUlfing blend is rplled in a bottke

ht on a Taboratory roller and filtered through

BXEPhi®
ylene filter menbrane having pore 20 sizes of
o5

rim The resulting mixture is spin-coated on
[oam]OO THS 184t Inie@mory aatl foé Exdvaplésrig -8 is fabri¢atadj apd tegted excgpidhat the

Ohm fSl Q\ m
R R SR e} A gl o 3R
oMad @BE first baked on a hotplate at 120 C for 60 sec

and then transferred to a second hot pl ate and baked
at 200 _C for 60 seconds. Al um num pads of dianeter
Egamples3403 evaporated onto the coated wafer and the

[OT BT | The dest nismony &l of Iﬁxan]ﬂesﬂieSIZIS fabrigatedoand sestpd exespbifat the
as described s N

CSor ST RSP T PP PSR Ty o

cHipeeRifideeh BBl s hydridosil sesqui oxane having an

approxi mate enpirical fornmula of HSi OlL.5. 30 Exanpl es
71-81 [0169] The test nenory cell of Exanple 69 is

doplphiaGod BAmPIcci@pt that the formul ations conponents

BiBncuis tasionane e B G 88 e B R8s ams o
p%ﬁ«&@%)r%mawﬂ@hav&ga&&)g@m@e moTcﬂ:SE&@SgMﬁiﬂ @mgesmole and a
polydggelrgtyzggeiso% %ss’ztxhgn rI e(equa71 Lt‘r(? al Z)ut5 171 ?vas%%eﬁ J&%ﬂl 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
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.

Comparative Example 105
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Exanpl e 7689101 Exanpl e 7787103 Exanple 7887310
Exanpl e 7989. 25. 45. 4 Exanpl e 8093. 55. 51 Exanpl e
8193.515. 5 Exanples 82-92 [0170] The test nenory cel
of Exanples 71-81 is fabricated and tested except that

the 5 antinony tin oxi nano rt' l.e suspensi on
[01f7ébl acldg f‘kfy‘uﬁ‘“é’i‘ A II""‘&F‘P&}Z% #ag'i“‘f?éﬁ autﬁg et oryocfl 3 3in
E,aanprEiE N%wmhgaelﬁ%&Q%@&Nﬂ;}sutﬂa&ymmsmogﬁhw | of

anples 71-81 is fabricat nd te t ed except t hat
hyresy Ui er VaRIES H i G gE LS SHRPon | s

replaced by a simlar suspension of nonst0|ch|onetr|c
copper sulfide in DBE. Conparative Exanple 104 [0172]
(hﬂmﬂﬁngéﬂﬁﬂbH& pol yrmret hyl met hacryl ate was ni xed with
[0 1?::1]6(? fahERamQer3ilRbAWEfePHith 160 nm of silica was coated with aluminum
po yne

met hacryl ate having a wei ght avera
(ah(mt é%u&l/a/rsﬂwgn glﬁtnansf tlgglgte@@@tdgqr%ﬁs‘%rp ﬁg‘fbé’“'a]er t%lg ?( 107 torr). The

W%Qll WAlILRS ohl athbt edéﬂé’&‘t’&ﬂé‘fc fo?é@set:&ﬁﬁ afld Slﬁ?b‘ﬁiSl@Q}h&B&b&Et was applied

Was Ccombi n he gol d nanoparticles__from d
arﬂ)bakqdl a6 100°C @ori60grenmds to gBretnrantingp di3rpriometerso The frsisiygs expose
in anl r’]t ﬁaro%t:t?orrltlﬁem%p %{ohtzc%g(g Véegi %.]Ze n%{nﬂm‘g)ne% %ﬁ?ﬁﬂ:@i H’avmg a minimum
feﬂmfewmtﬂssdnrvﬁﬁ macomttetsand i emts:rlmgz ahuig FAORAEBed R wet etching

g)&?fﬁ\? \;c\g:s genlgft%e? 131'3%69 Jtl}{gpe&lg%; h@:ﬁc e ffrBulatldierom Example

ove | aboratory
56 @hd fixst spim- azbmse ahd/bert Med:mmm: 2t 808@ Apr3Rmiputpsfo gjye a polymer-

bztsrjci éﬁm{n ahgt&% tn:r}ﬁ ff(l)hlckl%%go %lur;nr@umhgﬁbg ?tlﬁ'@(qesg bf 5&[\% nm was

croneter rane A test
comesIn Yoeithe polighdrdated dilho Stmpleatl 8 Brphoforasist waseappligs) aad figked on a

h%tB{Jr e ?(S()?gl QS% se%)géed ggvﬁé aco tgé%?gt gmgl?mg% e%e I’e@@lt wisR&posed in
alM1pdjesion Wﬁtklt ang deedldpsd ar gvedbtea pnylesgpacgs hn/mgjammr@ gignensions of
S|ntlar to those of exanp r hotol
@egﬁﬁlthrsiﬁlgst%l‘g aﬁbgefgﬁn Iula Oﬂr%%ﬁ F&?I eé&%ﬁ%\% 2l th\éﬁ bakeci 82 a hotplate
alB®° ggetboisecdndbr Atatle last bﬂetstepmm@caméjubblgg umﬁer the aluminum lines

rkl cells 1 -
e 000 E" Bt POPIR rEes 7B 8P bR GHe o B RATE Potmer
bflsfeﬂ lﬂilrh Hﬂi dredien edloughrigfetta mabakebssfuldpbrlcatlmfp@tagte; \y@rkmg cell

}ﬁﬁ 0174] A 100 mm di aneter silicon wafer
aWi’etaﬁt‘ib‘b‘ H'6f silica was coated w th al um num
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(about 1% w w silicon, 45 nm of thickness, and
pressure of about 10-6 to 5 X 10-5 ton:). The wafer
was baked on a hotplate at 200C for 60 seconds and
Shi pl ey 1813 photoresist was applied and baked at
100C for 60 seconds to g ating of 1.3
m crometers. The resi st w&i‘%sed 10ina 1:1
projection printer and devel oped to give nom nal |ines
and spaces having a mninmum feature di nension of 3
m cr opneters and the underlying alum numwas patterned
WbBS/‘S medi¥ ng using standard etch chem stry. The
remaining resist is stripped. The formulation from
Exanple 56 was_first s - coat ed and then baked on a
hot pl &t é\naqlecgey(feﬂ%pwg@mﬁl\ Hlﬁ?g‘ﬁ PR a pol yner -
bas ed , hbllyfePfonaéiy tan SlctivaL®fe nididtgkness. Al um num
havi ng a t hi ckness of about 45 nmwas 15 coated on top
of the polyner-based film Shipley 1813 photoresi st
was applinedieanid fieRkPskrAmable fild o Ghith Biwhif(hGhd elecufolctive moiety
seconds to give a coating of 1.3 -m croneter The
is qlestyon ﬁoﬂﬁaﬁsﬂﬂg@p%‘é@“@%@'&r Sl*‘.“i"’bii‘iﬂoé BESPRIFF G9FIP *& and
devel oped to give lines and spaces having a mni mum
di mensions of 3 mcroneters, substantially

per peAdi Thelekpetric fieldnsemsaramably il olaipn . avhgrein b elpctjoagfive moiety
1s @k&ehgﬁ%hﬂltaﬁne ari'tlgrgceg'e a%he%tlﬁ&ﬁ%ﬁacerﬁf h Entidaﬁe hast
step, significant bubbling under the al un nu
triphiendene? dtriptysensh s Bnarenpne 'pmhglab)gb@pqen:gtegﬁggg}pgxppgle, a 2 amino-1H-
1moc{a£<9!: Q?tcﬁcajﬁoqghﬁ: haecaﬂ)lzihgésasférﬁg:eﬁé a iibenRABYRpRMk Y Phenothiazine, a
m and creates enough defects that successf.ul
tetfadbafukyalbm A bisiryt &g BECYP e copmpsin. 9p agridline, a phshazines aﬂb‘“ﬁ‘é‘e an
iscd) fcn]:){ I) a,:_fﬁ] %illl}@ay\g}ﬁﬁra Lﬁn&kadt@@éiyhrﬁ)antﬂraqlﬁﬂodlmethane a
et 7 progr anmabl e | m conpri si ng
tetmquwmcbimdbdlet @ aacnméinemm‘@a@flﬁlw a‘r’&ﬂsb‘t“f} of the quﬁ%’mg
eleichgaciill(lé&lofehgsl d programmable filmof Claim1, wherein
ectroactive noiety 1is electron donors and/ or
el ectron acceptors and/or donor-acceptor conplexes. 3.
The el £€ «J. eqe({njxcetlxe% ﬁnﬂ{m mhﬁ of Claml Qf witdré@h the Blectroactive moiety
wher ei n ectro ve noiety is a pyrene, a
is nfipktitral goep, naﬂﬁcalnmwa@én?ée Ofavaﬁﬁl@n ant hrene, a
tetracene, a pentacene, a triphenylene, a tri ptycene
a fluorenone, a phthal ocyanine, a tet rabenzoporP
a 2- ans.nGhe tledttic field pregommahlesilaiof Slaym i vharia thes ectroaciive moiety
car baz [ | h nductor atoms, or a
s ReRgrr i so RSl RERTed RlE ERRTR AR RRonthcir
cagiibinsadon eongymrisingar feast omrofslwyfortgeing. a phenazine, a
qui noline, an isoquinoline, a pentafluoroaniline an
ant hraqui none, a tetracyanoant hraqui nodi net hane,
tet r acg.ambe| ueaodﬁﬂéphammmablc felmeod lviimds wberein Wimqﬁ has a
da] |.east otn q 1¢dbe foregoing electroactive noieties.
iglectyif, congiapt ff 4t 190% ¢ programmabl e filmof Caim i,
wherein the el ectroactive noiety is a functional

group, noﬂ'h Al 1 lcclrQ wﬁerel;[li}% olymer is a

el ectri: Fsﬂéﬁ‘“ﬁﬁggé" ﬁl%"br?a%llefeﬁ &r g%hél Wher el n
pél?‘&eﬁl Q‘pblrygﬁétli)bcwhdmmetyycryhc, a polycarbonate, a polystyrene, a polyester, a
polyamide, a polyarnideimide, a polyolefin, a polyarylate, a polyarylsulfone, a polyethersulfone,

a polyphenylene sulfide, a polysulfone, a polyimide, a polyetherimide, a polytetrafluoroethylene,

a polybenzocyclobutene, a polyetherketone, a polyether etherketone, a polyether ketone ketone, a
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IS a nanoparticle conprising netals, netal oxides,
netal |l oi d atons, sem conductor atonms, or a

conmbi nation conprising at |east one of the foregoing.
6. The'electric field programmable filmof Caiml,

wherein the polymer has a_dielegtric gonstant .qf
palgignzoxpzole ggolypradiazple. ?P%M"m"a@%"r?hﬂ}ﬂ‘ e pelybe &Tg"‘ﬁ‘gz"'e ?
poly razgnoqmgi:ﬁha atﬂa!%'p%hﬁémﬁlimdl@ a@olyﬁ\ﬁh(}é@ﬁﬁ, apolybenzimidazole, a
poly( met )acryllc or polyacrylic, ﬁ?% ezl bonat e

Pelpoxpadole; @g@lyo:g)lslgmdylé%et épolygox%mugpg gtnazme, a polyp%‘ndazme a

p&g+ g‘;ﬂlﬁ‘g l?&ymf?nep%&l?ﬂn ridine, & &%?ﬂiﬁl@/ lgblgpyrazole, apolycarborane,

h |
asqlmaa@yclwqggmnq?s ey Bhetolmgor E?lm?@@hda SRRty aice,
pé gﬁgl'lyehg Fa ?meypﬁiﬁﬁkte Q?olyvﬁ yRadohbie R pﬁl?ﬁﬁ&l&bmﬁﬁ gplyainyl

et herket one, a pol her et herketone &h ¥q @ ¢
hideiemlk\emtb pigrileca myw o8N BodypRate. 3 Pﬁ@ﬁ@% aPaygpogster 2
p&yﬁﬁ’i‘oﬁ )r;% &]foﬂgﬂnmpﬁﬁﬁﬂr&ﬂ @Ebl?ﬁosp’ha@&ﬂe)’ fiZahgapbBsiloxane,
zi noqui noxal 1 ne pyronel timde, a
opmtgmpmamgx abmprésingzat b@ﬁ)%%ﬁfzthﬁfo(ﬂ%g?mgé” Y&“"“pol yoxi ndol e,
a pol yoxoi soi ndoline, a polyd|0x0|50|ndol|ne a
pol ytri azi ne, a pol ypyridazin pi perazi ne,
pol ypyBi diteejecaicgizldpogremindbla @lm af ﬁg LWW the Pa‘Y“‘ef 15
oh.g&[azole a pol ycarborane, a
ngfé xabi cycl ononane, a pol ydi benzof uran, a
pol ypht hal i de, a polyacetal a pol yanhydride, a
pol yvi nyl et he@b cl%ct? 2l \%ﬁ p%érarﬁr“hlﬁ?hﬂ@fwf an§ oﬁ’@!)ﬁ@lhlmé'l to 8, wherein
al cohol , a pol 8 yvi nyl I ide,
af @lewddayd in relebfrichle:pnmctpothyh«t dgdtmeﬁtlé progmtpreﬂbipsf iImrasd Hteélec" ode
0 M I n change its
PPl Frehafie © YL FEE bRran Rl e iBuod can chang
ﬁ@ﬁtiyﬂelaﬁzanﬁhe Elequid frald bmgamenabmrﬁlm conbi nati on
conprising at |east one of the foregoing polyners. 8.
The electric field progranmable filmof Caim1l,
wher ei not Aendasry 88MiceicBmpeisings bk Elekted field propivanashlefiln ¢f any one of
flelg Rrogrannable filmof any one of Clains 1 to 8,
an electrode is in electrical contact with
the electric fleld programmabl e filmand the el ectrode
position is fi relati to th dield
pr ogr anhaf @ 1"F ﬁ?'BP"st"WetX%ing@?rryo%‘éw%gﬁé%%ange its
position relative to the electric field progranmbl e
film 10. A nenpr i ce conprisi t he
field pHo @r‘ﬁﬁh‘&’o‘rfé“af"fl EUERE Aoy p‘°§5ag‘mea8fef1"?‘ gogprising:
11. A n@egb ne%@fama Isiisstritg, 4 ddenpaEIia gontfeising @ pollymek aridran electroactive
10. 12 of nanufacturlng an electric field
pPisyrihahiehonded to|the ROGISTI si ng:  deposi ting upon a
substrate, a conposition conprising a polyner and an
el ectroactive noiety that is bonded tao .t | Y.L
T The. et 1T mehd o Gsim P2, MFRER TSP SoRgming te polymer.
crosslinking the polyner. 14. A data processing

machi ne conprising: a processqr for executing an
i nstruci4- gfndatmgcessmg machine comprising:

a processor for executing an instruction; and
a memory device comprising an electric field programmable film, wherein the electric
field programmable film comprises a polyfner bonded to an electroactive moiety, and further

wherein the rhemory device is in electrical and/or optical communication with the processor.
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a menory device conprising an electric field
programmable film wherein the electric field.
programmabl e fil mconprises a polynmer bonded to an

el ectroactive noiety, and further wherein the nmenory
device is in electrical and/or optical comrunication

wi th the mhe eréasls @.&m ps&r&ﬁnabwﬁmebmam ¢ whereindhe electrode is in
praogr ammabl e

t h
elieﬁrlcaé copgct thxg Ithe(féﬁ‘ffrﬁéi L@Wl‘{)ﬁal{lﬂléglg n I ag 1?eo%la% [C\iglglqgnt', wherein .the

isBla0&K @bmER isea jlhdtidh dicde axn:omsaldmdemsoefce wbat MOMteansijtr, a drain of
the isolation ele

unctiqQn d| ot
s MGana Gttt o6 S ok fap o g b e of
b&@ﬁr&&@ﬁ&k&ﬁ@&omﬁuﬁaf£b@6mammMB5rtranS|stor a base
of a bipolar transistor, an emtter of a bipolar
transistor, or a coIIector of a bipolar transistor.

16. ThegehReldine i d8)rSler i GBI 8 TR bf Elafih b ahorkinChadlenu: field
wherein the electric field prag r?nnable fi

peagramonable filgris swigfied, “9ffl] byea e PP AR “P‘Lg‘ga‘é’rﬁ‘dw"ere‘“
tﬂli{) uftk 'ls%?ra%ﬁ{e@'lﬁ]tha{ DSadBluiEpullst rEIR@Veas b @iitezftbeliischobemtirom a

las o ulse relative to a wite pulse is
forwesldnasfor egyeee bfagr war d bi as or reverse bias. 59
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