| DEVI CES AND METHODS FOR WRI TI NG AND READI NG | NFORMATI ON [ 0001] The
present invention relates to nmethods of witing information to an electric
field programmable film The present invention also relates to nmethods of
reading the stored information. The present invention further relates to
devi ces using the nmethods of the present invention. [0002] Scanning probe
m croscopy is a widely used technology for analyzing material surfaces at
the atomic |evel. A conventional exanplejof a scanning probe mcroscope is
an atom c force mcroscope (AFM that uses a probe or stylus having a

m crofabricated tip nounted on a flexible cantilever. This tip is typically
produced from Si 3NDEYICESAND|METHODS R £ RADE ORMA
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properties of the surface of . the mat eri,éall an(g can be measured. For exanple,
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the cantil evﬁig niflkel 65 b AELiGH c%fl&g{r p{?ﬁ%tﬂﬂ%&?%@%ﬁgﬂ&ﬂ ﬁ%ﬁ%iﬁ@'&@%ﬁtlﬂg hSI gnal s

are used to p a given property the material w
resol uti ons dpemtianothe peobavostylos mskdwhasvanred atress.thd surfecrcdf a migeriat elg sompe

lateral and \a/iggl}cia&%s, PN E0E tsgyl\?sfis B}hﬁtal?r{eggpa (%tanscteékg 2 vs';a%l g&& & v&ag ﬁlopﬁ sanpl e
are control |l et using piezoelectric FPENSAlcers?and a teedback 16 p that
produces vol tiegarfagidftremenas ip;, pontcomadlmdde. Inwemeapgdivatidns, thOH@B4 orAppar at us

and nethods for storin inary data with hi dat a capacities are _disclosed
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via the probes, neans for detecfing the presence o
the surface of the material. The direction and magnitude of the movement can be
detected and measured. The most common technique for detection/measurement of the -
movement uses a laser focused on the top of the cantilever and reflected onto
photodetectors. The photodetector signals are used to map a given property of the
surface of the material with resolutions down to the atomic and nano scales. In such
devices, the lateral and vertical movements of the probe or stylus relative to the sample
are controlled using piezoelectric transducers and a feedback loop that produces voltage
differences proportional to the movement.
{0003] Apparatus and methods for storing binary data with high data capacities are
disclosed in U.S. Patent Application Publication No. 2004/0257887 to Binnig et al.
Binnig et al. disclose an apparatus comprising a tape having an information layer on
which information is storable in the form of perturbations, an array of probes that in

function faces the tape such that the probes scan the surface of the tape, means for

selectively forming the perturbations via the probes, means for detecting the presence of



the perturbations via the probes, and drive neans for noving the tape
relative to the array of probes. [0004] Notw thstanding, a need stil

exi sts for new nethods of witing and reading information and for nenory
devi ces using such new net hods. [0005] In one aspect of the present
invention, there is provided a nmethod for storing information in an
electric field programmable film conprising: providing an electric field
programmabl e filmhaving a top surface and a bottom surface, witing
information to the electric field programmable filmby applying a wite

vol tage acrqgss the electrjc ield programmmble filmfromthe top surface to
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i nduces an ediybedg domai n of polarization within the electric field
programmabl e Ti Igu and, wherein the electric field programmable film
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wherein the electric field programmable film comprises one or more portions, wherein
each portion corresponds to a memory location having at least two available information
states, wherein each available information state corresponds to a different polarization of
the electric field programmable film; providing at least one stylus; writing information to
at least one memory location by applying a write voltage between the stylus and the
substrate at the at least one memory location, wherein the write voltage induces an
enduring domain of polarization within the electric field programmable film.
[0007] In another aspect of the present invention, there is provided a memory device,
comprising: an electric field programmable film, wherein the electric field
programmable film comprises a multiplicity of individual mapped portions corresponding
to a multiplicity of individual memory locations; wherein the memory device contains
information stored as multi-bit information.

[0008] In another aspect of the present invention, there is provided a method for reading

information stored in an electric field programmable film, comprising: providing an



electric field programmable filmcontaining information stored in at least
one nenory |location, wherein the electric field progranmable filmincl udes
at least two available information states, where each available information
state corresponds to a different polarization; providing at |east one
stylus; determning the information state of at |east one nenory |ocation
by measuring the force between the stylus and the electric field
programabl e fil mcorresponding to the at | east one nmenory | ocati on.

DETAI LED DESCRI PTI ON [ 0009] The terns "éelectrical coupling” as used herein
and in the appended cl ains enconpasses ohm c contact, capacitive coupling

and/ or i nducgiedtfic 84 ProaRthmableGAHQbntdinMgliMbMatioN Sioteadh e REmorp used
herein and in the appended clai ns enconpasses coval ently bonded,” ionically

bonded and hipgatisgenhasimthe glectrio figtijprogemmetiadiimiiseludestat ireg twaiavailatdel herein and
in the appengled ol fhes, Wherk & cﬁhgzldﬁg@:e‘ilﬁomﬁﬂoﬂt&gE&Pé?,%&ggg{aoﬁfeé& el ectron

acceptor, enconpasses chem ca cations and an the referenced
el ect ron donpolaromtiel; peviding ad es phostylsy dbtemsining dre iefoangsioe stateicf anteass, chemi ca
substitutions, and instances in which the electraon dona r.el ron
acceptor is CISPTAY Foﬁatﬁ’él(ri’éé%?a?uémﬁtkl?ir}ﬂr(ﬁ%getg?e"i th%g}'nlﬁﬁ?rﬁlttéﬁafﬁrt’%ﬁ‘%e bi nder as
a nononer  Uprogrampidbit Zilm TGeesp@iding 't MHe@t RES: bR medsrydsatdoherein and in the
appended cl ai nrs enconpasses user_ data, encoded user data (e.g., user data
encoded for conpression purpos@@EAuﬂ%ﬁQ@SCRﬂﬂﬂg@keeping" data such as servo

data, track @oogemerms PdetAB cQiplinkeRdRarkerSh BB She applidck cigingnal s, or data
regardi ng the position of the stylus and/or substrate, and user data and/or

encoded user engampassesobinite@niabt ¢apagidrerrorplngand/er iofucise eoupbingy. | error
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acceptor is chemically bonded to a binder or incorporated into the binder as a monomer

unit.

[0012] The term "information"” as used herein and in the appended claims encompasses
user data, encoded user data (e.g., user data encoded for compression purposes), device
“housekeeping” data such as servo data, track or sector information, feedback signals,
clock signals, or data regarding the position of the stylus and/or substrate, and user data
and/or encoded user data combined with another source of data (e.g., error checking,
correction bits, or device “housekeeping” data).

[0013] The terms "ground signal" and "ground potential” as used herein and in the
appended claims means a relative voltage against which the subject voltage is applied.
The ground signal or ground potential may be "earth ground", logic ground, or any other
arbitrary applied voltage, whether constant in time, varying in time or combinations
thereof.

[0014] The "polarization" of the electric field programmable film, as that term is used in

the specification and appended claims, is a vector quantity that implies both a direction



store multi-bit information. [0015] The term"nulti-bit information"” as used
herein and in the appended clains neans information stored using nore than
two avail able information states per nenory |ocation. [0016] In sone

enbodi ments of the present invention, the at |east one stylus is

operatively associated with a cantilever. Cantilevers for use in association
with styli are well known structural, el enments that are available in
commerce. In sonme aspects of these enbodinents, the cantilevers are
prepared using existing fabrication techniques. One of ordinary skill in
the art waddla menogh 1esdheentodadapiof e pidstm wRestidnPpdliasdeie ugdd to r equi rement s
for a given ap ILcatlon by altering cantilever paranmeters such as materials
of const r ¥ {t 8dFmaHen f r equency, force constant, |ength, width,

pl asti ci t%)01ﬁ|ﬁ&ttérino?:{ultp%mﬁfépfhh@dd"'ats Msedrm@xgﬂx%u%twaﬁ&@ééd%m& y, front side
coati ng, ck side coating, level of inpurity doping, electrical

resi sti vi mgansiifprsiaties gored ppingiinaiehasitvo gwrlebla dpformation tes parenemony i ty, tip
geonetry {LsQfropic or anisotropic), tip height, front angle, back angle,

si de angl e, th t, spike height, spike width, overhang and effective neck.
[0017] | n[Oﬁtﬁiﬂnemb@ananmtsaff thehmespmtes‘@ntlon, ﬁmanlebabnne ftyles ist yl us i s operated
Is?ylstlgt : gopepgxrveg?r a%omgﬂsé wuHacanrpla'evernQPant ge c:.@for ﬁse 1 r%eaaﬁ‘e“ﬁ.h}%ﬁné; O?het he

pr esent |wvlemd“mrs;ru¢thml demdneatbit acreyaddbyd i lusommema hxrsbmy asp@tts sfhkde associ at ed
with a cantil.ever rr%p?vgn sone aspects .of lrren t.he

canti | evefTEgPESRS, thee Eitaéed"ﬁi?reéjt ng%xst rﬁS‘i’?W ' q&f?s 19 con

subst r at eordinarysRifEn ti&&ﬂﬁ@ﬂl&eo@ﬁmﬁd”i&ﬁ\etoaﬁhﬁdmméﬁ to thBepesial i con substrate is
wet etched using ethyl dian lng/rocat echol or KOH sol utions, Those skilled

in the arfeqwqmen}séer&gwefép?lﬁéflo aligp IRt Al eV e PRI BeNCasd S i al | y

dependent omnﬁﬁw&@kés&%%&c rﬂo&efcaﬁsuan I Ftht WRItES gﬁ&tcﬁ@te@ectﬂ@al ch
facilitates a etch stop along the crys | ogr aphi c axi s generatlng wel |
glléflﬂ g‘é

defined efuseppti @aneﬂﬁs‘éﬁé‘??é‘blé!% pisidgicoatingskack v enatendeyel ethe silicon
substrat ey i s 6r ¥, ﬁﬁ&casééncal &smm{gethm&‘g‘tt Jmété}eéo%n%?a%ﬂ B itity €act i ve-ion

beam etchl g techni'ques are use aspects t hese enbodl ment s,
cheni cal | §jp geosietry fdotiopis dseaisetespishitipdieigbt ﬁnntcvuels, tarleangles eide angle, §me  aspect s

of these gﬁg gggg@ ggfﬂgrogg)%%anggges&lgg l(asma etching 5 techniques are

used. In ‘thes the cantilevers exhibit a
{0017] In some embodiments of the present mvent10n, the stylus is operated in static

mode.

[0018] In some embodiments of the present invention, the stylus is operated in dynamic
mode.

[0019] In some embodiments of the present invention, the at least one stylus is an array
of styli associated with a cantilever array. In some aspects of these embodiments, the
cantilever array is fabricated by etching away portions of a silicon substrate. In some
aspects of these embodiments, the silicon substrate is wet etched using ethyl diamine
pyrocatechol or KOH solutions. Those skilled in the art will recognize that wet etching
techniques are typically dependent on crystallographic orientation of the substrate, which
facilitates a good etch stop along the crystallographic axis generating well defined etch
planes. In some aspects of these embodiments, the silicon substrate is dry etched. In
some aspects of these embodiments, reactive-ion beam etching techniques are used. In
some aspects of these embodiments, chemically assisted ion beam etching techniques are

used. In some aspects of these embodiments, microwave assisted plasma etching



cross-sectional shape selected fromrectangular, round, elliptical,

pol ygonal and conbinations thereof. In sone aspects of these enbodi nents,
the cantilevers are prepared froma material selected fromsilicon and

gal l'ium arseni de. [0020] In sone enbodi nents of the present invention, the
at | east one stylus has a tip. In sone aspects of these enbodi nents, the
tipis formed by isotropic wet or dry etching in conbination with the

oxi dation of a single crystal material. 5In sone aspects of these

enbodi ments, the single crystal material is silicon. In sone aspects of

t hese enbodi nents, the materials used to produce the at | east one stylus are
sel ect ed frofiFhniqisgaedied: dnsngeideheckiof tigse enodimentsrthe pantierers APt #oped
silicon, undgpgdesionhiGRibe sE10REPTof kRBMBEar, FoBhd, REHAE, JTBleBhal add conducti ve
cerami cs. In some aspects of these enbodinents, a conbination of wet or dry
et chi ng and ¢anfbinstipnsghereofoki spanei aspecisof theearmbedinenisy/theleanjidavgrs gigar p poi nt ed
cone shaped {| I ! . j r ize that the sharper
the tips, th rkﬁ%?deg%gaglgﬁémlJﬁE%F%?#gﬁlcgg%nd\gghilé’?’oa?%ggig'nd t he hi gher the
storage cap@62a]yinfane emigidineamtsad vheqasseptGD2ihfion, the ablerst embayiinasasipoin t he
present invention he..at | east ope,st.yl I §5.c0ated jth a netal. In sone
aspects of t??ggeeas%eﬁgé)gfhﬁ%enﬁﬁwggatpe %lééfls{?mgﬁé)yﬁobfmg W;étorcd@é’ftgan%\]“t h gol d.
[0022] In _SOétilmb@:mhodbvﬁﬁﬂie?xm_ﬁtiiﬁkﬁlar%h@&eﬂﬁﬁstdl fh\dﬁﬂﬁli ?xﬂson}ief‘@pe’t’ts dfﬁl&sé one sty:c us
is operative associated with el ectronjcs at facilitate the witing o

i nformat i on ¢ePodHmeny BEsingle CﬂiS@Ferafﬁflﬂg%%Lﬁ?abﬁfbswne|aﬁae°§@6§1§fe In sone

enbodi ment s @hbddifenty, B¢ MdkeriaR\i8&H tb BroduddiBe AlleakQRS ktyAR BreSklkie® frbH

operatively associated with electronics that facilitate the readi ng of

i nf or mat i on Wegtedtuggstenahloys, platinyng mqlyhdgnust, dgpedsiispm.andonedsilicemdeged| n some
embodi nent s gh i b0E rdHE98 HhethiOXRohAltivé g@aﬁgs.llﬁéﬁ‘?e EtsSidthdds 1S
operatively assocl at ed th electronics selected fromdriving circuitry,
preanpl i fi erembodithendss a gerabivativhiohwet adyy atthenecnfl litpHPRE oxidattonskbdeldéa i n t he
art will know hqw. Q Xi Sti .00l ng. C . mron t he

sem conduct o?mgﬁga‘/ésrgfll?ag? é?l%{ttf %Cénﬁéh%tg (ri ?lgss' 1?‘8&6%@{1 ﬁlet?%g%gll r%g(ﬂﬁ r ;t/ﬁageeded to
wite and r ethd shanfeo tireaips,aine moreaersolydafioneatioh tin Helseorexedndokikshigifer theatoprge s ent
invention. In_ so enbodj nents of the present invention, the at |east one
stylus is opg’rpé‘flfy\r}g'i@g‘%en (%¥1§8Ci ated with electronics |ike that used in

scanni ng tunpebijng soime énssiamsnty ST present invention, the at least one stylus is coated

with a metal. In some aspects of these embodiments, the at least one stylus is coated with

gold.

[0022] In some embodiments of the present invention, the at least one stylus is
operatively associated with electronics that facilitate the writing of information to an
electric field programmable film.

[0023] In some embodiments of the present invention, the at east one stylus is
operatively associated with electronics that facilitate the reading of information stored on
an electric field programmable film.

[0024] In some embodiments of the present invention, the at least one stylus is
operatively associated with electronics selected from driving circuitry, preamplifiers,
wires and combinations thereof.

[0025] One skilled in the art will know how to employ existing tools and processes
common to the semiconductor and solid-state industries to provide the circuitry needed to
write and read information in accordance with the methods of the present invention. In

some embodiments of the present invention, the at least one stylus is operatively



systens and atom c force mi croscopy (AFM systens. In sone aspects of these
enbodi nents, the at | east one stylus is operatively associated with scanni ng
tunneling mcroscopy systemelectronics. In sonme aspects of these

enbodi nents, the at | east one stylus is operatively associated with atom c
force mcroscopy systemelectronics. [0026] In sone enbodi nents of the
present invention, the electric field programmable filmis partitioned,

di vi ded, and/or napped into portions defi ni ng nmenory | ocations for
information storage. In sonme aspects of these enbodinents, the nenory

| ocations ar [ I ron t hereof .

In sone aspeag%oggogl “nﬁglsﬁgb%g#ggé |ﬂ¥faéﬁgeg%§§¢ Ilge(l)lﬁg chrés}st% e@%er% i ndi vi dual
menory | ocatsyserss adderhfmmnpcdsatpmthﬁystm rosoare azpects@fi thefe t he el ectric
field progra | e fi f &sn ndi.n t,he indi ry.l ocations.
One of ordi ng]r‘T)a 91“1?“ the At e(maersf)ylus § era ivd ﬁ?S(z)Ce'a %th‘fﬁ?gmﬂ%g@négﬁsely t he
electric fi ehldropct’o@gﬁ)&mi’(’ﬁélé(ﬁroﬁick TﬂnISSmBas’pEttE bﬂh&dpmbh@mhmtg,hl&rattléaa d@korage
density. Not thstandln% t hose . of ord*_ ary. skill intae art will also
recogni ze t RRLUSHRPRFTAVAY Sogatea@’r‘tgéfoﬁ“‘d O5teAMERSIBY R FIET'GASSr i ng menory

| ocati ons hqb@s] IsoRREbBdikfRAds of the prdsét @veRIdnOMe Sle@Fi€ Beld Prigdh@mBalei ghbor i ng
menory | ocations remains_distinguishable. [0027] In sonme enbodi nents of the
present i nvdhmiippartitioned.dividednprsiar eagped intemertipngdsfinig mesrnsp focationg fasn el ectric
field programpRlien il %&aﬂl@oﬁk aﬁ%@@’bf B cRib¥diHRnts WREMBIBry tl&%n@ﬁs aré €ast one
styl us addresses a sing ortion of the electric fle programabl e
film [0028lefingd Iélasﬁ@a”é{ﬂﬁ&léiﬂgfem‘@’ fombatipn erenft [n peresaspents oftthrse e | s

provi ded a iR ihfmafe TPLibrek Hinfi0idhi Bhidf 106 b 0 P@Eﬂ% filmand
at | east one stylus, ereln east one stylus a dPesse urality
of mapped pmftthemwrmtlonlwétheIeéettrnc|fmldfpr@rdnmmloﬁlnamrmb;b0@dmgItcmhe Er@lﬁm@]all n sone

enbodi ment s q?%n&c%rp ?ocgtfoensegt%eci) o\ééﬁ%ljygﬁfl @{3 '%e]rcéﬁgcm fel atggpr{éé)r ng?ybl e film
has a multip e i t hese
enbodi nment s,thd dflectmafmn yrolgﬁﬁﬁidb&rﬁimas ﬁarmixpﬁedhqothgmr ﬂﬁlstoyagaldénisﬁry logically. In
sone aspect t hese gl ment s, #he menory | ocat i ont?1 are defi ned

l'i t hogr aphi ‘ftWhSt‘} mgst SpIenGsg IndhrArbw kAl dpseemizs thakmejpaine 2

regi strati oreettiiflidtafcdtetVdetl ReightHmb mRorPlo@tiomd Isdhsab E0RRRAt thel N some aspect s
of these enbodi nents, the indicia are indentations in the electric field

pr ogr ammabl dniormaHon siereddirhesassighbering mempny docatings amain distinggighablendent at i ons
are formed ysomg I@gon{eee?i%dmﬁts%tfme%eser{t rhv%ﬁ’tmﬁ ﬁ%@3§§r§v1ﬁéd 4 hessryeibedi ment s,

7 the indentations are fornmed using at | east one stylus at a fenperature

bel ow t he scPm@rbipgan electric field programmable film and at least one stylus, wherein the at
least one stylus addresses a single mapped portion of the electric field programmable film.
[0028] In some embodiments of the present invention, there is provided a memory device
comprising an electric field programmable film and at least one stylus, wherein the at
least one stylus addresses a plurality of mapped portions of the electric field
programmable film.
[0029] In some embodiments of the present invention, the electric field programmable
film has a multiplicity of mapped memory locations. In some aspects of these
embodiments, the memory locations are mapped physically and/or logically. In some
aspects of these embodiments, the memory locations are defined lithographically. In
some aspects of these embodiments, fiducial registration indicia provide global or
piecewise alignment. In some aspects of these embodiments, the indicia are indentations

in the electric field programmable film. In some aspects of these embodiments, the

indentations are formed using at least one stylus. In some aspects of these embodiments,



point tenperature of the electic field programmable film [0030] In sone
enbodi nents of the present invention, the electric field programmable film
is divided into portions conprising substantially parallel tracks. [0031] In
sonme enbodi nents of the present invention, the electric field programmable
filmis divided into portions conprising one or nore spiral tracks. [0032]
In sonme enbodi nents of the present invention, the electric field
programmable filmis divided into portifons conprising concentric,
substantially circul ar tracks. [0033] In sone enbodi nents of the present

i nvention, g |ectI‘ICer|éj rarrmable filmis rmve? %back and forth
in a directit wnﬁ%[%ﬂomref%m 54 ¥ ﬁ‘%‘% legxioge sty s alhiempepuEL bl the phfissine

enbodi nment s, pohfi €enfleRfilré bhd éi6did RIS AR e ffr! M is al so m)veabl e back and
forth in a dlrectlon perpendicular to the first axis. In sone aspects of

t hese enbodilRe}d dn soameeembadineats of the pecsent ynvartionsthe glgeinie deld orapsammatil¢ r st r ow of
menory |°Catﬁlf?ﬂ§d19f'ﬂl lnltc%org Shstha 1f1§1r{gssli1bst§r?f zfrﬂ?el ghckeast one stylus is

t hen step-w se ane I'n & directfon perpen ar to the first axis and
then the at [D@ialiﬂnmembpﬂmniss)f the prasend lra/cmtamsthaek;etuoﬁdldmmngmatm:mry

| ocations p he first axi.s an NialilBOMe aspects of these
enbodi rrentsafrlfnﬁs gmr% lnk@pqnéongtcfm&ﬂ”s"égroéleS{:'zgﬂﬁ’ 58‘““ tfacgs a basket - weave schene.

In some aspgooR]af sdnfeantbodiaithndi thepiesent invphtionetie sleaninifisld psananfatis used. In

some aspects of, the enbodi nents, . a continuous scanni scherre is used.
[0034] |- s 'SR RUNEEIP SoRETREeBH Ao BTl CPHETAP Reast one st yl us

i s associ at ggp33MI4 Sonfeldmbeliitfef off the Pres@hl idvBRidal @6 tletfic FieRlpfogpdRasaeMabI €
film which structures facilitate tracking of the at |east one stylus

relative to filfds BwRbleiback and|ferthingglirssteaipralielite afirst axis. slypame aspeets 8f of t hese
embodi ment s, ik ApKbdIGedtS tmc%vcef@kw}%@gmﬂﬁsﬂa%Q@Alsormmm& Bak and¥drdle the at

| east one stylus al ong a predefined pat In sone aspects of these
enmbodi nent s, inaldéegtion ekipengiquiar scthe @(ﬁé@fﬂfusm AgMOPPPERPT these emhedimemnhttzect | ess

means. In sq ast%ﬁ?ﬁ‘t%ﬁ? 1s%f:antngtf“§:?os§gt??squgfrﬁem?ﬁucgﬁ%ds%graﬁ S0k Fir@ssoci at ed

with the at Teast one stylus are arrange teract counter part
struct ures aaxsotheat ledht gietstylushietheh etep-miise nidved th a gireotgumarenpebdlieulés tb het o

facilitate p electric
R S LA A
enbodi nent s, loo‘:auand@amjlehtan}l@ﬁraraelsmsesb ¢ e sdradaspedes dsﬂ“tbesbemmthmeres tlef t he

electric field roramrable l.n sonme_as t hese e di ments, the
Cracki ng mar REM SRR o iged g R RnEacros HE s Serion (6P rovenent
of the at | essodatssi pillsed seunelingRéhetle@Cilised.Cln some aspects of these embodiments,

a continuous scanning scheme is used.

[0034] In some embodiments of the present invention, the at least one stylus is associated

with structures in or on the electric field programmable film, which structures facilitate

tracking of the at least one stylus relative to the electric field programmable film. In

some aspects of these embodiments, tracking is achieved using mechanical means that

guide the at least one stylus along a predefined path. In some aspects of these

embodiments, the tracking is achieved using optical or other contactless means. In some

aspects of these embodiments, deflection sensors associated with the at least one stylus

are arranged to interact with counterpart structures associated with the electric field

programmable film to facilitate precise movement of the at least one stylus and the

electric field programmable film relative to one another. In some aspects of these

embodiments, tracking marks are used to establish the boundaries of the electric field

programmable film. In some aspects of these embodiments, the tracking marks are used



field progranmable filmrelative to one another. [0035] In sone enbodi nents
of the present invention, actuators are enployed to nove the at |east one
stylus and the electric field progranmable filmrelative to one another. In
sone aspects of these enbodinments, the at | east one stylus has an actuator
to facilitate its novenent across the electric field programmable film In
sone aspects of these enbodinents, the at | east one stylus is a stylus
array. In sone aspects of these enbodigents, the at |east one stylus is a
plurality of stylus arrays, wherein each stylus array has its own actuator
to facilitate its novenent across the electric field programmable film In
sone aspect o ofggetvdsezes msbaldireidsqf nidvemert tofithe ar Isast omgitylsseand At ali@trar Wi ri ng
and actuat or gh;vin cdr ﬁ%tr . %0036 th sonme enbodi nents of the present

i nvention, &5 rg%{ﬁ’gf“fl%\e/g‘ ﬁeé%wle SR " Ect uat or for displacing it froma
rel axed posi[o03snid one egdbligRhedf o piebdnd Mmvertiol,| R RiatoRy Bdemplyeds®m@vaspect s of

t hese enbodi nrents, the dis cenent hi eved i the actuator is
danpened. | é'efsﬂf?eafwng S e Be e Qealﬁproe%f?@ﬂ&?’)i@;ﬂ%ﬂelfwetﬂf%?ﬂoﬂ@aclﬁ
cantil ever Rase hipsctO¥MthesdebadiREntWheCdl BRRNOEPME BB of a&BAGCH TRMItafits t he
stylus in nultiple planes. In sone aspects _of these enbodi nents, the

actuator i s pvemeNaeloeThe tlectieticld pusragimalettimn dnitpmeraspacts of §5p aspect s of
these embodieBlifents/Ific flicd iR biyRR% ShliralyS PRI OF wlefadi Vi dual | y

noveabl e sty Wwherein as the array of styli, as a whole, Is scanned across
t he el ect ri cmbpdiglentsghogeastmbiselusild aplurehiyof stnids sirayaaviepeimenrbatylus stylus is

further scanedhaSlas unSHBAM U ML GREN Ol ddtulange of T ndivi dual

noveabi lity. Sone e I esent invention, the at

| east one stpydgisnmablamocnadmedaspedts of these embsiimands, tietactuatbisabmbesd | i t at es

macr oscopi ¢ _di stance %ﬁ%u tent.s. of . thte at least one stylus relative to the
electric fi @Flaaﬁrr‘gﬁ}né B A PR e aspects of these enbodinents, a
c oalr se act ugoeso) :[rSs_oﬂth)ySﬁid)efﬁi@ of [ﬁne bfehc_trﬁtrf;ﬂf]lbg,edmn&anﬁfevérgnles ﬁdf odl/re ast do ?e
stylus into proximty with the electric fie rogranmabl e film an i ne
actuators  ASWBET B dpFiat gfﬁmiarfalemddwéerwrbfaﬁﬂeer(ogl;m%e%@ “f8d i th t he

at | east ongomt Y¥dpdsts betitse iemBb8meRtERh LA dcOherd YEHiBGd Wihg thedctadigy iseadi ng
operations. In sone aspects of these enbodi nents, the coarse actuator is

used to novelampenedt | east one stylus between a park position when idle and

awite or | ! ﬁgﬂr{ei eiboRRes O ink %%gen?fnvérﬁﬁlyg,i d36h cantilel @R39ks dh SO

enbodi nent s “of present 1 nventi coarse actuators are selected from
actuator which can provide displacement of the stylus in multiple planes. In some

aspects of these embodiments, the actuator is a piezoelectric actuator or a transducer. In
some aspects of these embodiments, the at least one stylus is an array of individually
moveable styli, wherein as the array of styli, as a whole, is scanned across the electric
field programmable film, each individually moveable stylus is further scanned across a
subarea within reach of its range of individual moveability.

[0038] In some embodiments of the present invention, the at least one stylus is associated
with a coarse actuator that facilitates macroscopic distance adjustments of the at least one
stylus relative to the electric field programmable film. In some aspects of these
embodiments, a coarse actuator is employed to facilitate movement of the at least one
stylus into proximity with the electric field programmable film and fine actuators
associated with an individual cantilever(s) associated with the at least one stylus facilitate
gap control during writing and reading operations. In some aspects of these embodiments,
the coarse actuator is used to move the at least one stylus between a park position when

idle and a write or read position when writing or reading.



pi ezoel ectric ceramc nmaterial actuators and | ead zirconate titanate
actuators. [0040] In sone enbodi nents of the present invention, coarse
actuators conprise precision |levers and mcroneter screws. [0041 ] In sone
enbodi mrents of the present invention, the coarse actuators conprise coarse
actuator driving circuitry. In sonme aspects of these enbodi nents, the coarse
actuator driving circuitry is integrated into the nenory device. In sone
aspects of these enbodinents, the coar$e actuator driving circuitry is not
integrated into the nmenory device. [0042] In sone enbodi nents of the
present invention, the at | east one stylus is operatively associated with
writel/read dPetY dppaneesembodimeginof Hispesser inyentionecnarse apBupsBrstsslected fam
write/read gd'é‘z%l':l(e&ﬂ& Etarhi@ Glat RlualoBsl 120%irQnaf ti@&nﬁ{e%@éx&ﬁ&?sor’ .
encoder/ dec o’ler, conpensator, automatic gain control, tilter/equalizer,
dat a det ect df§40] di sawe embodinenisgfitaipresent invantion| glask ecthademaebimpseexer

paral |l el -to- srecrisiiéinl esonverter ee(ragciréils-to- paral l el converter, digital to
anal og convelteroand anal 0g P8®E; gital converter. In some aspects of these
enbodi nment s,[0041¢ Insdntesdnibeditheatsof the prasas invagtiongibe esar@racatorsadmpfise neans. | n

sone aspects of these enbodinents, the witelread ctions are perforned
o ar ool e POl A B o st aBr SRR Srb P REt S dheoRSe Do

activities aktialdedifEDEikudBMs Ritogratddin®EnasRS abvicdn bhinsspeiTdidient s, the
wite/read functjons are performed using a .mcroprocessor of a conputer to

whi ch t he nefiogimsat; Be coasseapiuapy dibvdng ciicpity 4y not fteginied BIYBUMEBAYs of the
present inveptijen, the electric field programmable filmis provided as
either a continuous |ayer or a pixelated |layer. In sone aspects of these
embodi ment s, (0478 le pasea ambodipeats9f redsgserraysnteont the gy lagss one stdws isur f ace and a
bottom surf : L ; f .

substanti al | glbag}/%?F{gﬁ%laf%ggﬁ]hﬂﬁéﬁﬂe%@ﬁ%%%%&ﬁ% gs%g#tpt tgé%re glgg%?%?tﬁ’venti on,
t he el ectri cthé eledrept degtraninuiptlade 4t ildaph ano na ingseeprecetsion drgoderadecadenct r on donor

and an el ectl on AGEELRfatd b ngcéﬁﬁrg?iﬂgr%g?al%{arég%tpgégc ghbodiments, t he

el ectron donor “conprises a ion ron dohors. In sone aspects
of these enbiigrimemte/quatizeremettipleacr/donlipleaer, poaljpl-ieesiabcoovanter, saial-tn  of

<O SRR Sy SRR ESRTFL B PSR TR g pct o o
aspects of tdipsass cftheseeiadinety, the wrheread eledtfonizs inckide epsragfranicableanst i | m
further COI'TpII;]nggg as%eg?cr)] tLés%%x%g&}ir?lgnts,%t?e@rlitgl)ééad functions are performed using a

single integrated microprocessor that coordinates all the activities of the memory device.

In some aspects of these embodiments, the write/read functions are performed using a

microprocessor of a computer to which the memory device is interfaced.

[0043] In some embodiments of the present invention, the electric field programmable

film is provided as either a continuous layer or a pixelated layer. In some aspects of these

embodiments, the electric field programmable film has a top surface and a bottom surface,

wherein the top surface and the bottom surface are substantially parallel.

[0044] In some embodiments of the present invention, the electric field programmable

film comprises a binder, an electron donor and an electron acceptor. In some aspects of

these embodiments, the electron donor comprises a combination of electron donors. In

some aspects of these embodiments, the electron acceptor comprises a combination of

electron acceptors. In some aspects of these embodiments, the electron donor and the

electron acceptor comprise a donor-acceptor complex. In some aspects of these



[ 0045] In sone enbodi ments, the binder exhibits a dielectric constant of 2
to 1,000. In sone aspects of these enbodi nents, the nethods of the present
invention further conprise selecting a fundanentally non-conductive bi nder
having a dielectric constant of 2 to 1,000. [0046] In sone enbodi nents, the
bi nder exhibits sufficient chem cal and thermal resistance to wthstand
processes involving the deposition of netals, etch barrier layers, seed

| ayers, netal precursors, photoresists gpd antireflective coatings. [0047]
In sone enbodi nents of the present invention, the binder is selected from
for exanple, oligoners; polyners; iononers; dendriners; copolyners such as
bl ock copol gmerdsmentg ticetactopgsldmegrammgblafitm &othed opneprisss astoasr-dsbapode

copol yners; !:norg‘ani cs, partial inorganics; organonetallics and

conbi nati ons CEHF'Pér eof. In sone aspects of these enbodinents, the binder is
sel ect ed fr o[n0os]danome pabodiess, tHerdidgpekhibitp adiereetiis camthnt 60Nai ILGADI NS
thereof. In sonme aspects of tOHese e%odil}r‘rl)gntfzt the binder i s an organic

pol yner. In WS&@E&E@S%@? HaPt%e hetdhe praseniinkengipn fusthehy i nor gani ¢
pol yner. In cspiRe @é&%ﬁ% 2 iRlarhSRAR RARECHUBBRIndNRavRIgNAR e S RINbRRD O gani ¢
and i norgani c groups. 0048] In Some enbodi ments of the present invention,
t he binder i3%tch®f cally bonded, alternatively covalently bonded, to at

| east one of (o {1s&GE ERRHRARS RIbifRALS bit@l’sufh&é‘rﬁtché}ﬂi‘éal a0 fhtenﬁ’alel ectron
acceptor(s). In’sonme aspects of these enbodi nents, the at [east one of the
el ect ron donwsiighcednavithstantdpeocasses maslying the dgposities of netats; etoh basdegtyerss) i s
chemcally b d. .t inder. .1 0.0 s of .t hese enbodi nents, the
at | east onegegg?atyﬁré’ ée??tgelrcb ?Cg}hsogdé)hr%orr %és)?s aﬁ %ﬁrgﬁ{éh‘ze%) mf‘%ast one of the

el ectron accEptrihsdime smbmhratrendfitie fresedieidvdndod, e bitdendaelectfDDdA] fot N sone
enbodi nents of tﬁ}:: resent jinventi on, the, bi nder ils sel egte@ from polyners
i ncl udi ng, f &P HE%%‘}“%B?‘%Q&@H&P‘?} TH PSR FerolymeEy SPER pLRA es,

pol yst yr enescopoR@leys dn@bif cofdPnyedd]igfhBScopHlOhYya bt Biodk Besolynit®d; Yidhdah Rtk €S,

pol yaryl sul fones, pol yet hersul f ones, pol yphenyl ene_sul fi des, pol ysul fones,
pol yi m des, PIYRNHBINGE ﬂé@{omeﬁawwréiqombmg% %%ﬂfeﬁb“@{“eﬁ&eﬁ‘étog@ﬁ@et ones,
pol yet her et BEpdBHANE the YARley BLNEe R Bizanik BOIDRES, inRhMOFAFA%IAR €S,

pol yoxadi azol es, pol ybenzot hi azi nophenothi azi nes, pol ybenzot hi azol es,

pol ypyr azi noerintieatigns thersof. dopeps/asperty afithaserpraleoslimesds, (hghindesialen arganic 11

pol ybenzi m d : ' | i §Qi i :

pol ydi oxoi so?ﬁ%?’? %%gahe/%ﬁc;ggg iﬂgeﬁ? %Igss)%%go g}’/%)g}rb?@gljzllk %‘gglf”%gﬁcﬁﬁpgé’f—‘zﬁ‘ i nes,

pol ypyri di nesomepashscts @i dtreselémiamsiiments the binder comprises organic and inorganic groups.

[0048] In some embodiments of the present invention, the binder is chemically bonded,
alternatively covalently bonded, to at least one of the electron donor(s) and/or at least one
of the electron acceptor(s). In some aspects of these embodiments, the at least one of the
electron donor(s) and/or the at least one of the electron acceptor(s) is chemically bonded
to the binder. In some aspects of these embodiments, the at least one of the electron
donor(s) and/or the at least one of the electron acceptor(s) is covalently bonded to the
binder.

[0049] In some embodiments of the present invention, the binder is selected from
polymers including, for example, polyacetals, polyacrylics, polycarbonates, polystyrenes,
polyesters, polyamides, polyamideimides, polyarylates, polyarylsulfones,
polyethersulfones, polyphenylene sulfides, polysulfones, polyimides, polyetherimides,
polytetrafluoroethylenes, polyetherketones, polyether etherketones, polyether ketone
ketones, polybenzoxazoles, polyoxadiazoles, polybenzothiazinophenothiazines,

polybenzothiazoles, polypyrazinoquinoxalines, polypyromellitimides, polyquinoxalines,



pol ytri azol es, polypyrazol es, polycarboranes, polyoxabicycl ononanes,

pol ydi benzof urans, pol yphthal i des, polyacetals, polyanhydrides, polyvinyl
et hers, polyvinyl thioethers, polyvinyl alcohols, polyvinyl ketones,

pol yvi nyl halides, polyvinyl nitrites, polyvinyl esters, polysulfonates,
pol ysul fi des, pol ythioesters, polysul fones, polysulfonam des, polyureas,
pol yphosphazenes, polysilazanes, polysiloxanes, and conbinations thereof.
[ 0050] In some enbodi nents of the preseﬁ{ i nvention, the binder nmay be a
copolymer selected from for exanple, copolyestercarbonates, acrylonitrile
but adi ene st : - I & fidoh Eni VLI nol-vsid ne,

pol yest er - po @g?ﬁg??%¥ﬂ§?Smg@?%#ﬁ?ﬂ%%ﬁ%?ﬁ%@@g%gghgg%?g%%ﬁgQQﬁﬁz

pol yur et hanep@pirigaindscpcdyperidaings, polybipaatinesn poly pyndmes fpolyppesdihesl n sone

enbodi nents of, t.he,present invenitio he binder is selected.fro m xt ur es
oo v o BT SRRt b B BBk BRoradddopo R el g2 b Bkl

cr ossl i nkabl polyphthafidesepcgpetats pobfantiydeides, potipany | RERtsSpoly eyl Hisedtests, conpri ses at
| east two pol yners erein one of the at' |gast two polyners is chemcally
bound, a1t e FIGA Rl ool Bat oDt elyviny mafieS) el ooty or - an

el ectron accergpondfondies; polpsudfitRs, gblyitieester| pdieastbndsVyo alfoiBides] S not

chem cally bound, alternatively covalently bound, to either an e|lectron

donor or an BYBEEIORPREWBIISReS: PHyLlgtancs BpfutioXanss. aph eupbipgiontiaEsh s, t he

bi nder conpr {586 BlohEaRbodiMtLANIRERNt IMHBESH, TheDRicPinad Bea @cfjpoiyﬁﬁﬁt two
polymers is chem cally bound, alternatively coval ently bound, "'to an

el ect ron don#Hecteddroan b gsampip eopayesicrrarbanateseaesylonifiide pupdjenssyrens, cheni cal |y
bound, aIter99&hy§§MOEQM§EQQgﬁ%rggyggxm&qxgﬂﬁwgb@§%ﬁgﬁﬁ@§ceptor. Such

m xtures of polyners may ed to fi1ne tuhe properties of the
el ectric fi ebeypetbymathperblate-polyisitloxame pokyuegthehepolysilexqnel andepmbingtians e  may be
used to balaggéofhe charge carrier density in a given electric field

pr ogr ammabl e I''m conposition. [0052] In sonme enbodi nents of the present

i nvention, t[8SHiIindemne esbalimentd afitiee @esentpoveptiar, she Himles sreleaspfeab s of t hese

emood et s PR S S B My TR ol eotec
pol ycar bonat edoginldblenili sdnhecaspettaditteneersodintemes, thabindkiodinipisdsat lewdt adé ene
SO N L i L LRRSON Sh L Lol EL s e, RelyPhony! ene
pol ycar bonat gaReNyHRINATS b elBétRIBAG and/BPAYLEREEP AREROPAI Yl Ryl GBS the
terephthal at gt’lea%? tlw%cp%lrytr)n%psaig %t%?lét%i%gl%yyllo?lgci a}tgrggcggfy%%vﬁénet}fy bound, to either

an electron donor or an electron acceptor. In some aspects of these embodiments, the

binder comprises at least two polymers, wherein one of the at least two polymers is

chemically bound, alternatively covalently bound, to an electron donor and another one

of the at least two polymers is chemically bound, alternatively covalently bound, to an

electron acceptor. Such mixtures of polymers may be employed to fine tune the

properties of the electric field programmable film. For example, the polymer mixture

may be used to balance the charge carrier density in a given electric field programmable

film composition.

[0052] In some embodiments of the present invention, the binder is a mixture of

polymers. In some aspects of these embodiments, the binder is selected from a mixture

of polymers selected from, for example, acrylonitrile-butadiene-styrene/nylon,

polycarbonate/acrylonitrile-butadiene-styrene, acrylonitrile butadiene styrene/polyvinyl

chloride, polyphenylene ether/polystyrene, polyphenylene ether/nylon,



t hernopl astic el astonmer alloys, nylon/elastoners, polyester/elastoners,

pol yet hyl ene terephthal at e/ pol ybutyl ene terephthal ate, acetal /el astoner,
styrene- mal ei canhydri de/acryl onitril e-butadi ene-styrene, polyether

et her ket one/ pol yet her sul f one, pol yet hyl ene/ nyl on, pol yet hyl ene/ pol yacet al ,
and conbi nations thereof. [0053] In sone enbodi nents of the present

i nvention, the binder is an inorganic or partially inorganic material. In
sone aspects of these enbodi nments, the i nder conprises a silicone,

si | sesqui oxane and conbi nations thereof. In sone aspects of these

enbodi nents, the binder conprises a silicone or a silsesquioxane. In sone
aspects of mh@@@ﬂé/ﬁbv@ﬂﬁ@ln{bstad@hfeswme¢1ymbﬁpiﬁheémmapls&tllc|um¢imee,or a

S | Seoqul OxA0R MRSLE) MG en® L FOB ol Rl BEAMGANEN BrchlIEgal | v bound,

al ternativel'y “cova ron $&Ctron

accept or ortmnmbmaakmhﬂsm&hﬂbgghybﬁ@ﬁ&éba&mo@@ﬁmﬁﬂ&t@ﬂngpm@&hﬂémihe pr esent

i nvention, i n i.s functiqnalized facilitate at | east one of

crossl i nki nd @ﬁ&%ﬁq%&?‘ W&Hﬂleﬁﬁe‘a]ntfatl?teaﬁceé‘{lp@ftf’%ﬁr donor, chenical bonding
with an el eGlyréaR- r@&&@iﬂhﬂfndeﬁ@’y%hmk bb@aﬁndngyfehd bo@ah@rl ectron donor and

coval ent bondi n n el ectron accep I n sonme enbodi nents of the
present i nvéﬁ’tefk@f%“e/??ﬂéeth%?‘ﬂﬁ’é?’ Wb’etﬁylﬁﬁﬂ/lp’ﬁ%% pejyetbyensinobiers ad pol yners
havi ng a nurbgkindd&ss ageopo!l ecul ar  wei ght of 500 to 1,000,000 grans/nole. In
sonme enbodi nents of the present invention, the binder is a polyner or

conbi nat i on [B#53p&n Wreglbh@memg ofitha prepent mavrétoagtbe hibflesdianainorgems ght  of 3, 000

to 500,000 %LOFE%EHB g%mc anQSH?@%#JE%&fﬁhegé ethOiRERS Betbid r%}’&ﬂﬁ R0 the

bi nder is a I'nation ol'ynmers having’'a nu verage

mol ecul ar wesnlg;htle @Iﬂsesq,umanetamd:c@tﬂblﬁﬂ(}mgmamf nfokeme ame@mh®m0d| ments of the
present inven hi nd s.a conbln tion of yners
havi ng a nurber 9&&8?&5°bmd egﬁ nmsa&?gﬁ%oraggfﬁuﬁéﬁl %1§8“558:S()n3/nnle.

[ 0055] | n sam®e embmﬂmemml& boddet dftenmrsm’itconmmearsﬁlmqunoidnewlhemdxethe may be

crosslinked. .In so ects odi nent s h rossllnklng may be
oot sboasiye o anane &Rt b EHs A RINeY ehelay BTl o

al ternati veleyecﬁ@lvadr@nbﬂavlelmaﬂ&eslxeﬁt@rdrb@nmm@bmereopf t he bl nder. In sone
aspects of these enbodi nents, the crosslinking may occur throu

h
non- coval entb¥hé e qrwoélawetsa&beefeéertsmfﬂﬁ@geth%hﬁeﬁ%ﬁf@mw i nder may

be 13 crosshdinsRdt kadt Bk & cEdsAikingNttemta PEARng Withl aH leBPon ddbr, SGBIIE, a
sil ane, an ethélenlcall unsaturated resin, an am nopl ast resin, a

phenol i ¢, a hoR&RBMith g plastepaIRgesBtor.cay Hent Q@pdgwlyl an electron donor and covalent

bonding with an electron acceptor. In some embodiments of the present invention, the
binder is a polymer or combination of polymers having a number average molecular
weight of 500 to 1,000,000 grams/mole. In some embodiments of the present invention,
the binder is a polymer or combination of polymers having a number average molecular
weight of 3,000 to 500,000 grams/mole. In some embodiments of the present invention,
the binder is a polymer or combination of polymers having a number average molecular
weight of 5,000 to 100,000 grams/mole. In some embodiments of the present invention,
the binder is a polymer or combination of polymers having a number average molecular
weight of 10,000 to 30,000 grams/mole.

[0055] In some embodiments of the present invention, the binder may be crosslinked. In
some aspects of these embodiments, the crosslinking may be brought about by reactions
at functional groups chemically bonded, alternatively covalently bonded, to the backbone
of the binder. In some aspects of these embodiments, the crosslinking may occur through

non-covalent bonding. In some aspects of these embodiments, the binder may be



and conbi nations thereof. [0056] In sone enbodi nents of the present
invention, the electric field programmable film conposition conprises a
crosslinking agent. In sone aspects of these enbodinents, the electric
field programmabl e fil m conposition conprises 0.01 to 20 wt % crosslinking
agents (based on total solids). In sone aspects of these enbodi nents, the
electric field progranmble f|In1conp05|t|on conprises 0.1 to 15 mﬁ@b
crosslinking agents (based on total sol?ds) In sonme aspects of these
enbodi nents, the electric field programuable film conposition conprises 0.5

to 10 wt % cr [ . t pects of
these embodi Gont Lt Rle IIERANRIRET 1 ORaRE, B oaBble e By oAPHRASD
conprises | msatﬁraWtd%:m,@s3ﬂmmkiastges&gemhslo(lhalaﬁdlcrbrﬁommtdalhydsmetslrdar) epo®057] In
sonme enbodi nen gl Onst )resent invention, the electric field programrabl e
film corrposﬁti 6‘%15 §%n, optional, acid and/or acid generator. The

addi ti on of m056]aﬁ |sdnaadb$aal|tmmns dchechrepeman antion, ey lecaic dlciiztogrampaleot e

e 05 L 0Bl ST S DR T, A Sl o

sel ected fr ofie elebific B¥RPRgEammMitRli Conspakifi@nddnprisésdso 1(t68 20 wi% ctdskluﬁn@ sul fonic
aci d, benzene sulfonjc acid, p-dodecyl benzene sulfonic acid); fluorinated

al kyI or ar o¥fsits gbaserd %ﬁﬁahsoaévdén %Oé‘edspec‘é of these eﬁﬁ’%‘ﬁ’é‘{"ﬁ’fﬁ%@ﬁ%’éﬁ@e dul foni c

acid, trifl 'Ero@:%ha%ableﬂﬁxﬁfcbxﬂ s@ho‘ﬂ%ﬁﬁﬁsewhft@ﬂs F1oR6lo8slinRRE Eééd&%@as@&&@”e
sul f oni ¢ acid); and conbinations thereof In some aspects of these

embodi ment s, tofahgolide). dfl Wmcwofut@saemb@rmmrs Heiclgcige hiedaregrammaletied from
for exanpl e, j; : itDatt a

2- ni trobenzyT(%% f)})gléfng%(;en% - ni t enzy?g%glgg} at el?ts g% zogln%tfdnsg?ix nfsn thereof. In
sonme aspect ssomfasmmsétf@mhommﬂnsﬁ; the klgctak Seldpragrémnedbde fimopmpesitin e il m

conposition gm{sésslet% 7Qm(‘% ro{ “‘é‘gg%%g’%%%nﬁ&%%ﬁ% (based on total

solids). In s aspects’'o electric field
pr ogr anmabl e[ODST]rtncscrn@embddumamtx:afnmrrprssest ifvebtivm tie eclicdeldbrggmemabler ( based
on total solh‘%r% n..SoNe as the he electric field

O s orant ol SGRE RS oo R o pay Pl gy BOR bR Tl FiaRioR el B © bcod

on total sohdidisnd/orlaf asi@ BEnetiqresdyTafyzé &q&@n@teb@@hmng sf tht bd&ldaghg i c field
programeble fjlm conpositjon conprises 1 to 3 wt% acid generator (based on

total solids§uring#f theatssiar figld Pé%ﬁ‘?%m‘@ﬁ% kwwpgswntwéormé%ﬁfo tHe%Ent i on, the

el ectron donghfRimé@Hte tRAtRGE Rftctell HOM, fdr @XanHid BRIAtic AMNIACRNR.g.,
tetrathiaful val ene; 4,4',5-trinet hyl t et rat hi af ul val ene;

bi s( et hyl enetiuent B)oaicipgit Hicarare valfasisecidppgadesyibrnrers sulfpHe acidafrniingted

substituted alkyl or aromatic sulfonic acids (e.g., o-trifluoromethylbenzene sulfonic acid, triflic acid,
perfluoro butane sulfonic acid, perfluoro octane sulfonic acid); and combinations thereof.
In some aspects of these embodiments, the acid generator is a thermal acid generator
selected from, for example, 2,4,4,6-tetrabromocyclohexadienone; benzoin tosylate;
2-nitrobenzyl tosylate; 4-nitrobenzyl tosylate; and combinations thereof. In some aspects
of these embodiments, the electric field programmable film composition comprises 0.01
to 10 wt% acid generator (based on total solids). In some aspects of these embodiments,
the electric field programmable film composition comprises 0.1 to 8 wt% acid generator
(based on total solids). In some aspects of these embodiments, the electric field
programmable film composition comprises 0.5 to 5 wt% acid generator (based on total
solids). In some aspects of these embodiments, the electric field programmable film

composition comprises 1 to 3 wt% acid generator (based on total solids).



carbazole (e.g., Nvinyl carbazole); tetrathiotetracene; hexanethyl benzene;
tetranet hyl t etrasel enof ul val ene; hexanet hyl enet et r asel enof ul val ene;

8- hydr oxyqui nol i ne; phenyl azorecorcinol and simlar azo dyes;

N, N - bi s(3- et hyl phenyl ) -N, N - di phenyl benzi di ne; phenot hi azi ne; substituted
phenot hi azi nes (e.g., N-vinyl phenothiazine); pyrene; acenaphthylene;
acridine; triphenylene; phthal ocyanine;

2-am no- | Him dazol e-4, 5-di carbonitril ey A DCN); substituted AIDCN (e.qg.,
N-vinyl AIDCN); derivatives thereof; and conbinations thereof. [0059] In
sonme enbodi nents of the present invention, the electron donor(s) are an

el ectron dor{ﬂ@S&IIérrismmdmbedm‘m:etmémlelp;esmmmttoo, the blectchardo(idrés) etersafetted and in
t he cl ai ns f?@gresent rJ v.at

hemeota of (FERES SRbES RteEhe A AR P ki e
selected fr aﬂs(etﬁyaéneemaapétﬁtmaf&vaatehp@my&n&nhmhe rratbaaty; yhiatieded- hydr oxyet hyl

iRt AR NN o e A R A

qui nol i n- pol yner; a

9- ant hr acenag®infily tBRisBesdrh Ak Qexam&hﬂw&étmehedaﬁnmeyd B RoSaRAbYEr; @
qui nol i n-8-yl nethacryl ate/ 2- hydr oxye

net hacr yl at hgnyl azarepstcinok gusd sipilar geo@ygs;s  met hacryl ate terpol ymer; a
9- ant hr acenqERLb- rﬁ&ﬂ{l%&%ﬁ?—ﬁl@adxﬁxe%bﬁ%ld‘i n@ne}{&thl Lhackiwkat e, and

conbi nati ons 't hereo [ I'n sone the present invention,
the electr orphammlammﬁs«@g Hrvanyl Bl@Inefdntaerde)f powme; hanapittaimpkscridine;

F:?: :Llhgﬁ;f)‘;tg ene ?Jﬁtsigg(l:y%g%a’ry Aiiho- ﬁrlml a%lé’B*}tJ‘ (?alrlg)o% trlly(AﬁDCN)

i (g di f:yancmbﬁﬂnyédeﬂﬁl)@;pgepg),l[lﬁnvg)]yUAMIéx_sdwzwadleaaehere? and@nmbmatﬁ@é _thelreof.

- phenyl azo- ne-1, 3-di.ol; 4-(pyridin-2-ylazo enz I ol;

onool ] 57 PR 5 St g ueis 6L HRBTSEY g e BE SR oMo hane:

qui nol i ne;  idetron BérRIBEivagve dhbhlcalilyehrn ol Klﬁadeg(hereﬁiwﬁkmnﬂsﬁ gefclaiher ene C60)
full erene C70 Buckm nsterfull erene CnD pery ?t 3,4:9,

e. J.
10- t et racar H&B{%ﬁﬂ%meﬂwrpp Apior deseayusinder”). In some aSpebas S sk

2- (3- Ni tro- hefpaiinicdtn®) cR&lRAeRbide | five-DRYAGY HNRRY IR, ERexamplBydr i des;
derivatives and conbinations thereof. In sone asp ects of these errbodl ment s,

the el ect r orP-#tagnepethyl nzﬁﬂ@crwéq/%bw%wmwwwrﬁw@ﬁétrwoxmw)ewwe C70;
derivatives fOel8Afte Ayt P4 RRHh R0 rﬁen%%ie/z i%m,[}@{%@%ethﬁb

enbodi nents of tHe present 1nvention, | ectron accéptor(s) are selected
from for e%@n@lmer,aﬁwy@racd@@eﬂw mﬂhwylia@@shydrqxv@@é mefhcriatngapelymes. g.

G anhydr | de- RRab R D o el PR Rach DR PR B 111 €

peryl ene-t etmah:a;r)bajx;elr;'po¢ymhram9rymjhnagtgemethyl methacrylate; a quinolin-8-yl
methacrylate; and combinations thereof.
{0060] In some embodiments of the present invention, the electron acceptor(s) are
selected from, for example, pentafluoroaniline; phthalocyanine; perfluorophthalocyanine;
tetraphenylporphine; 2-(9-dicyanomethylene-spiro[5.5]Jundec-3-ylidene)-malononitrile;
4-phenylazo-benzene-1,3-diol; 4-(pyridin-2-ylazo)-benzene-1,3-diol;
benzo[1,2,5]thiadiazole-4,7-dicarbonitrile; tetracyanoquinodimethane; quinoline;
chlorpromazine; fullerene Cep (€.g., Buckminsterfullerene Cep); fullerene Cy (e.g.,
Buckminsterfullerene Cro); perylene-3,4:9,10-tetracarboxydiimide; trinitrobenzene;
2-(3-Nitro-benzilidene)-malononitrile; hexacyanobutadiene; anhydrides; derivatives and

combinations thereof. In some aspects of these embodiments, the electron acceptor(s) are

sefected from fullerene Cgo; fullerene Cog; derivatives thereof; and combinations thereof.



(PTCDA)); benzoqui nones (e.g., tetra-hal ogenated and tetracyano
derivatives); naphthoqui nones; anthraquinones; cyano-conpounds (e.g.,
tetracyanoet hyl ene (TCNE), tetracyanoqui nodi nethane (TCNQ, AIDCN); nitro
conpounds having at |least three nitro groups (e.g., benzenes, naphthal enes,
trinitrofluorenone, nitrated dlbenzothlophened|OX|de nitrated

phenyl sul f ones); poly-sulfones (e.g. 1, 4- bi s(phenyl sul fonyl ) benzene);
vi ol ogens; viol ogen salts; 1,3,5-triaziﬁbs (e.g., halogen and cyano
derivatives thereof); alpha diketones (e.g., indanetrione); sulfur;

derivatives combi lons hereof some enbodi nents of the

o esont | e dnadihih SRREBPuRrR o PE BRac g amas Fe A ac AP REHBE! 1 | on

conpri ses < sblecWEéf/frorﬁrfoﬁe)ﬁnéleV\&rﬂ@'d@des ﬂl&hﬂdr‘{&fe%lmﬂés andQiidnidds V8.g Ophtralic0. 25 W %
or < 0.2w% or < % < 0. 09 wo% or < 0.075 % or < 0.05 W%

el ectron dorfseecly }Bées\éﬂhé al?&FPéP“ ringspyromaiiisstianiydridsive enbodi ment s of t he

pr esent 'nv%ﬁﬂtﬁmenett&%cgdo?(gﬁcr a&nﬁyaﬁ&éﬂ(wm)a Eh@-tetr%éa'rlm mif?ﬁﬁ'i@x?ﬂfdh@é‘
conprises < W% or < % "or < % or ‘< 0.25 wm%

or < 0.2 wt %¥TePAY; benzogyingnede- g<t®ra6@lm%ed@nd t@tr@cy@rrcsdwv%ve@x < 0.05 W%

el ecL T On_ ACGRRNALE Hbn ARk 0L Blao S8tk ([ A6 b AORR, @TRY! rent s of

the present lon, elt t ectr el’'ectron
acceptor(s) taraeyzmowmjmdethzme (ECHON), VI DERDEE 0 Cdmposodsdlaamg etlesst thfeetriites e

enbodi nent s, the el ctrl nposition will contain a
hi gher con lPsgﬁg no e%Pag@Pgﬁed%H§$¥E§ﬁgoe W?@%gto the concentration of

el ectron acakfehosthisphenédioxideonitrars peailyBulténet)hpdp sefdnediergnt s, the el ectric

oL oo el AR et b Sa RS PR, (2

some aspect sin@tydnb @seva60d305Eé02) afpha HiRkoRRNE L NIntaHetrDRe)R fulfufQleri®ltiREd; r ON
donor(s) in the electric field progranmable filmconposition is 0.002 to 0.1

nol / hg; or cGn@egmbigatieny theispl hg: or 0. 005 to 0.05 pnol/hg; or 0.01 to 0.05

nol / hg; and [p4d» Iﬁmﬁoaﬂﬂeﬁﬂ o@fhetpm:‘serﬁ|1rﬁ@ﬁtﬁdﬂ”th@@&@tm: (PiEl(ﬁl}ogrsﬂn&ﬂﬂ’e el ectric
field progranna le film conposition is mol / hg; or 10 to 200

mol / hg; or 1fdmt6@m99@thﬁﬂomgsescﬁlwﬁ%,t%@é WtIVQ@erWWo, opE 05w 0180. t ol / hg:
or 50 to 100G ;Ss(r)(gd/ RO < 0l W B TB <BIRGEE; %rgfodeweor@msim%%odm%

concentration the~elect ron~ acceptor(s) in theelectric field
pr ogr ammabl eldcirbmigorpobased omtatal s@lidSP2 t o 0 1 nol/hg; or 0.005 to 0.1

gglnégg t ; g[ | ﬁoa%ﬁ’“rf% to(?neo moo% i?noerr#s/otf"gie preserg mvent10n, 'e%?ect%@%le{dhp%grz?nquagleh €

film composmon comprises < 1 wt%; or < 0.5 wt%; or < 0.4 wt%; or < 0.3 wt%; or <
0.25 wt%,; or < 0.2 wt%; or < 0.1 wt%; or <0.09 wt%; or < 0.075 wt%; or <0.05 wt%
electron acceptor(s) (based on total solids).

[0064] In some embodiments of the present invention, either the electron donor(s) or the
electron acceptor(s) are provided in relative excess. In some aspects of these
embodiments, the electric field programmable film composition will contain a higher
concentration of electron donor(s) relative to the concentration of electron acceptor(s). In
some aspects of these embodiments, the electric field programmable film composition
will contain a higher concentration of electron acceptor(s) relative to the concentration of
electron donor(s). In some aspects of these embodiments, the concentration of the
electron donor(s) in the electric field programmable film composition is 0.002 to 0.1
umol/hg; or 0.005 to 0.1 umol/hg; or 0.005 to 0.05 pmol/hg; or 0.01 to 0.05 pmol/hg; and
the concentration of the electron acceptor(s) in the electric field programmable film

composition is 10 to 300 pmol/hg; or 10 to 200 umol/hg; or 10 to 150 pmol/hg; or 25 to



donor(s) in the electric field programmable film conposition is 10 to 300
nmol /hg; or 10 to 200 nol/hg; or 10 to 150 pnol/hg; or 25 to 125 nol/hg; or
25 to 100 gnol/hg; or 50 to 100 pnol/hg. The selection of whether to
provi de el ectron donor(s) or electron acceptor(s) in relative excess
depends on the specific electron acceptor(s) and el ectron donor(s) used.
[ 0065] In sone enbodi nents of the present invention, the electron
acceptor(s) is selected fromnolecul esgqor derivatives that exhibit an

el ectron affinity > 0.8 eV, alternatively > 1.2 eV. In sone aspects of

t hese enbodi nents, the selection of the optinmumelectron acceptor is

i nfl uenced HY5iumsl/hg i Z5Bti100 um@l/l@bi‘ﬁ]to lbmmsxomig aspmé spedts dthese

enbodi nment s, % Ieas&%tmo el ectron acee tors % 066 In some

embodi ment s SBPOLimENtSRecpetAlRithe £lecip a‘éf’@ (B‘ht 88 6FiEdfFldi s sel ect ed

from nol ecu'p@@gr@ﬁmﬂﬂé’ﬂ‘rﬁﬁédrﬂb@ﬁtl&hﬁto 0% by ®1 LmaImd; 60.368 o@N ;ﬁﬂélmatéxal < 8.5 eV,
alternatively In sone aspects of t hese enbodi nents, the sel ection

of the opti Wé@ %85 P@ﬁl/hgdéfn%ﬁ“(t@)o Q3gumakhe; pask degorspnirationiobic et pot ent i al .
|n some aspeehsQhn hOBSsCRIeHaR b e fHh bEASHidNS1 ¢ g are
used. [0067] (iéhe e 5 ?ﬁeﬁo o%ﬁ Y fésg “%hvéncfgﬁ Hggggggl nol ar
el ectron dom@EOO ovithendrrl@te bY endbery 215h@12t50nml/hgmréll5 t@ll@bnmmjﬂlga@é@pt or
concentrati ac 0 000. [0068] In
sonme enbodi g‘glll St Jhlghg%sfegescg%%gfl%{/eg% to(])DQ&?ehelec r&% ?m (e;arreleé %ctron accept or
concentrati anceem(e)adselathe ekasadeponsls an thelspaificoalecttomacceptori@nd elattrodn by a
factor of> (p ?éue> 100; or> 1,000; or> 10,000. [0069] In sone aspects of

t hese enbodi“BNT® Sfihe el ectron donor atom c or nolecular concentration is
1014- 1021 ( 40@03% Irosfomhrbcdihest)s €18 preadnt @ eraiohMbé yledtﬂ)haecb@me(sx iakeededor

nol ecul es)/ ¢ ectswgf t.hese enbod e el ect&og acceptor

nment s,
e I e AN St A R S R b ey

al ternati veley. 10béincl@p&ts dfalcdOEmBYdiidHsS thd ls€l8dtioh BF the btimiH@kdkorNOt € t hat sone
nol ecul es or derivatives have an electron affinity and jonizatjon potential

such that t RESERIPRY ilHsaesddy ﬂégoné%afl%w%{wab|I@éqmwpmrthe@? eEPOdMEs r on

acceptor d%@ﬁ:ﬁgw&el@&rohfaé’ceﬁ%k%éﬁs@ﬂ‘ of the other conmponents of the electric
field progranmbl iI'mconposition (e.g., phthalocyani na) W t hout w shing

to be bound (84661 ﬁew embgpdimentsphihe REpSHH lﬂéerm%sthwlea@m doagr(s) sseleetad ol ecul es
or derivati &g, Whiefuilste db@¥RVes that exhibit an ionization potential < 8.5 eV; alternatively

< 8.0 eV. In some aspects of these embodiments, the selection of the optimum electron

donor(s) is influenced by its ionization potential. In some aspects of these embodiments,
at least two electron donors are used.

[0067] In some embodiments of the present invention, the total molar electron donor
concentration exceeds the total molar electron acceptor concentration by a factor of > 10;
or > 100; or > 1,000; or > 10,000.

[0068] In some embodiments of the present invention, the total molar electron acceptor
concentration exceeds the total molar electron donor concentration by a factor of > 10; or
> 100; or > 1,000; or > 10,000.

[0069] In some aspects of these embodiments, the electron donor atomic or molecular
concentration is 10'-10?! (atoms or molecules)/cm®, alternatively 10'*~10"° (atoms or
molecules)/cm’. In some aspects of these embodiments, the electron acceptor atomic or
molecular concentration is 10**~10? (atoms or molecules)/cm’, alternatively 10'6-10"

(atoms or molecules)/cm’.



ionization potential (s) is usually considered to be the el ectron donor(s),
while those with the higher electron affinity(ies) is considered the

el ectron acceptor(s). [0071] In sone enbodi nents of the present invention,
the electric field programmable film conposition further conprises an
optional donor-acceptor conplex, which operates to adjust the properties of
the film for exanple, the voltages required to set the filmto a given
avai l abl e information state. In some aspects of these enbodi ments, the
electric field programmable film conposition contains 0.05 to 5 wt% or 0.5
to 4 w% or | to 3.5 w% or 1.5 to 3 mt% of the optional donor-acceptor
conpl ex. | n [§0708 Natptbattseme notekelseor deriridestame & eledtron effmay ridiohizeaticd

programable fil.m ¢ i tion conprises an Lonal donor-acceptor conplex
el act e 1 tent S SaRRATh o TR S itie O SR PR oD AREHBT ASHITE . hane:
hexamet hyl endepeidingtdnithe s¢lebtien «iig:-otliee toragoname githa eidétrie fi€ld pasgrammable

tetrasel enaf yl val ene--tetra noquj nodj. et hane, .

hexanet hyl edEMOPROE A58y ng‘éf‘ Sl es*/ %&WB@BE Hofi Bourdhtheory, in

net hyl car baz@h@aridgahbl8Giea 0 aeHvanetisBé hakeiles dr Abrhvaledshyithl thelohasel enof u

| val ene- -t etracyanoqui nodi net hane; _ferrocene--tetracyanoqui nodi net hane;

(t et rat hi ot dppigdtion@otential(s) is ey pansidpred i hedhretiecien denor(}), while those with

hexanet hyl b - . i i ~tronl i af ul val ene,
escamet hyl oncs SEroeler Sy AAHRTRGH ARRUIE RERRpran Rl A)

hexanet hyl erl808il dmswhecatfodimeatsef the psasent invention, the electric field programmable

tetranet hylt I -z ] - | ]
br anched):  TULPREPRIA LS sEAfes B bRt IREdpal hap bl o E et g
hexanet hyl betn z2ding the Boyektids 06 the fifra) foeexemele 38O yolfages neatiteil ¢t et thaddmeég a

t et ranet hyl - p- phenyl enedi am ne,  or hexanet hyl-henzene),- - Buckm nst.erful | erene
cr0: Tt ot r ARG e BOE PR ey ROHE B TR A R B RE

hexamet hyl befisiépepramhbledilyapmpesitianrentaint €05 at widh,ek D3aenet%l18 1 to 3.5

t etranet hyl - p- phenyl epedj ani ne, .or hexanet hyl benzene) - -t et r acyanoet hyl ene;
(tetrathi ot HPAcERE 0 wg?ammmal BFRACEH ORRRe 1 e aspecto o s

hexanet hyl begararientspthe Bleokia itk ;prafdn BRI nOS b N@nGPkes dnQPtf&fal | N sone

enbodi ments of the present invention, an el ectron donor and an el ectron
accept or ar e19FPHISCRRIRY coEPlex gelprd st Pt ¥rmB %l ex or form a donor - accept or

conpl ex tetrathiafulvalene--tetracyanoquinodimethane;
hexamethylenetetrathiafulvalene--tetracyanoquinodimethane;
tetraselenafulvalene--tetracyanoquinodimethane;
hexamethylenetetraselenafulvalene--tetracyanoquinodimethane;
methylcarbazole--tetracyanoquinodimethane;
tetramethyltetraselenofulvalene--tetracyanoquinodimethane;
ferrocene--tetracyanoquinodimethane; (tetrathiotetracene,
tetramethyl-p-phenylenediamine, or hexamethylbenzene)--tetracyanoquinodimethane;
(tetrathiafulvalene, hexamethylenetetrathiafulvalene, tetraselenafulvalene,
hexamethylenetetraselenafulvalene, or
tetramethyltetraselenofulvalene)--N-alkylcarbazole(C;-C,o, linear or branched);
(tetrathiotetracene, tetramethyl-p-phenylenediamine, or
hexamethylbenzene)--Buckminsterfullerene Ceo; (tetrathiotetracene,
tetramethyl-p-phenylenediamine, or hexamethylbenzene)--Buckminsterfullerene Cso;
(tetrathiotetracene, tetramethyl-p-phenylenediamine, or

hexamethylbenzene)--tetracyanobenzene; (tetrathiotetracene,



in-situ when added to a binder. In sonme aspects of these enbodinents, the
extent to which electron donors and el ectron acceptors form donor-acceptor
conpl exes in-situ depends on the | aw of mass action. In sone aspects of
t hese enbodi nents, the donor-acceptor conplexes disproportionate in-situ
when added to a binder, resulting in non-ionized el ection donors and
el ectron acceptors. [0073] In sone enbodi nents of the present invention, the
electric field progranmable film corrpolsgi tion optionally contains processing
agents including, for exanple, surfactants, nold rel ease agents,
accel erators, anti-oxidants, thermal stabilizers, anti- ozonants, fillers
and fibers. tftQighetlyl-fhHBeRARedithBe,fdr 8bAnRiMeANBDt B ayahsbiiAnebe manuf act ured
by a variety of conventional nethods. For exanple, in one nethod, an
el ectric fi dieathiotpesnsdeiramethyl-mphenyigpedipmingrProf the present invention is
deposi ted orhe e alng)-p AR AR bfilidalibdlin@posi Lion s then dri ed
and/or cured to formthe (gl ectric field programmable film In another
met hod, t he [@078¢ i somefembbdimgnts gf dimireedng infvention camrpirstrpn dlaner esigorelesen an
optional sq| . ic fi le filmis. t ast from
the electri %C%éﬁg# gr C-EE(%%? ggr%rg% é%%h%&ﬁ"ﬁ?%‘ﬁdpﬁp%%°“§% C\?epz?r clraglmae\%apor at ed.
Sone et hodsn-ior whanstdideryo alvender. iTh somaasbentknf thiese erebainpdnes, tiepkentdoat i ng, spray
coating, elegtrostatic coati.n di p coating,, blade coating and sl ot
Coating. I n gy SEORSRIRG FRkrdl Retiere T ST EE SEIL FRBIPES PR 1 o
][ranuf actur g:ﬂieﬁendpilsxgme%xe@fmaagbmﬁhngm soﬁ]le;a;;;ﬁmﬂ’pihgse ehibpéigichthérol di ng, (vacuum
orm ng, ow nol di ng, conpr.ession mol di ng, ,and, printing processes (e.g.,
i nkj et, off QQP?T’%CH?P&@P%P‘BPI"’E%éfsa@ﬁ?ma?f’de B4 Shey .ddfﬁ)t?ﬁﬁm‘%{rﬂg%“ﬁ%é% sui t abl e
for use withohhéhiRderemin donysRhd BctionGkdegRrs. f or exanpl e, semi conducti ng
substrates (e.q., doped silicon_wafers) and conducting substrates (e.g.,
al umi num t ﬂ?@ﬁﬂ Insomsembartiments Ohihe RIcSer! inYERIipANtbE lectyic gﬁ‘? PEQSERRNBAbIG, | ckel |
copper, Zi NGjim cbnpeRMntPtiontil9 Rbitikhs ;SFQ&e‘éQE?z{%éH@s ifctlidfg ol Banfpodi um _
pal l adi um silver, cadm um " hafnium tantalum tungsten, rhenium osmum
iridium pl avifepiants, geldrelsese agengs, agcplgratory antiexideyss, thefmal sablilizghdntdd | oys
thereof). | j s of the present invention, at |east one of the
substrate arrlbéélt%hqg’ gﬁr@gggﬂ:@@ ield programmable filmis patterned. [0076] In
sone enbodi B4 Toe elettrc field pragraninmblenfilimonan be enufectirediby a vartysefyl us is a
vol tage  biaged Syl Hemohd) FSPEENARPECHS ol NGSF BTN SFoRL S b0 B! | eaSt
one stylus is a voltage hiased atom e force m Ccroscop p%o e.

composition of the present invention is deposited on a substrate. The deposited film

composition is then dried and/or cured to form the electric field programmable film. In
another method, the electric field programmable film composition comprises an optional
solvent. The electric field programmable film is then cast from the electric field
programmable composition as the solvent is evaporated. Some methods for casting the
film include, for example, spin coating, spray coating, electrostatic coating, dip coating,
blade coating and slot coating. In another method, the electric field programmable film is
manufactured by processes including, for example, injection molding, vacuum forming,
blow molding, compression molding, and printing processes (e.g., inkjet, offset, intaglio,
screen, and gravure).

[0075] Substrates suitable for use with the present invention include, for example,
semiconducting substrates (e.g., doped silicon wafers) and conducting substrates (e.g.,
aluminum, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc,
zirconium, niobium, molybdenum, ruthenium, rhodium, palladium, silver, cadmium,

hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold mercury, tin,



[0077] In sone enbodi nents of the present invention, the at |east one stylus
has associated electronics and structure to facilitate witing information
to the electric field programmable filmand reading information witten to
the electric field programmable film In some aspects of these enbodi nments,
the associated el ectronics and structure enploy existing tools and

processes commonly used in the sem conductor and solid state sensor

industries. In some aspects of these enbhddi ments, the associated el ectronics
and structure conprise read/wite head electronics circuitry |like that used

in the practjgc ' Jun [ . AL om ¢ Force

M cr oscopy (%ﬁ%f&LTog%g?&1ﬂgz%ﬁ%ggﬁbgg¥ﬁ%%@§&§%g%ﬁéﬁﬁgbggﬁ mﬁ%@@%t¥on, t he
at | east onelest phaisf tbosubstrakemdalic eldcerasfieldpregrammalle dilm st patterned.0079] I n sone
enbodi nents gf e present.invention, the at |least,one stylus is |aterally
movabl 6 acr b7 B e SRR sheCpseh IRy B PR Aneiut Bianfies “Some
aspects of bibedstynrbadiorRRksctsoh thedt entt@didienBNie sttlydstishelst/ sy abdiggd r om one
menory IocatLon to .anot her nenory | ocation in the electric field

pr ogr anmabl ePPieA R{ONfiH PEF MILSOBYBIBfbodi nent s of the present invention, the

met hod for sfoying sbié ShbRh&HRs ofitht FBschl iB¥dntibif; tel a8 lefst BROGYIRIRADI € film
further conprises reading information witten to the electric field

pr ogr amabl eas$sdiaied qlectropigpandspaeturs tofacilitpteswriéneypormation o the glgefiria dield

i nformation ' bleFi R4 ab Ed L&l griRda i L.ses

determ ni ng g%F%%@% oh&aﬁsg%ﬁhéhgﬁg%éﬁla?R%hggﬁg%??%§¥%%*@b%%?%ﬂ%iaI

wher ei n t he Syl Insoing agpePofthesk cmhvdiments,she fssocatedfelectienied apd striature i el d
programuable_film._. 0 spects of th i_ment th tylus is 1-50
T om ¢ he - 20b PREub O EBRREEFe Sk e B Sostoral p e

aspects of t tase iwhioids. endme aspbs afttdst smbadithen?d) therasfocnred eleetratiesfaade of t he

electric field rogramuabl e fil In sone._as t f these enbodinents, the
Stylus i s B KR SR FRY i A e dion e B anBa T et e G PSSkl e i | m
_[0]981] I n SOS@n_ﬁﬁ@Qﬂ?ﬁBﬁﬂﬁ Mi@?s_cbﬂlsgg(spw&ammdngfe&?@ }S)ﬁcr]g:icbﬁyh(rmﬂ\hlpd for storing
information _in an electrig fie programmahl e filmfurther conprises

readi ng i nf of4%&R] ariofmp pbeiments ofghe praeniipwafipn. dhogt ey opg %lﬂlamfg%ses #i 1 m
wherein the ghstlg@gtaydfeygt yl Us is a voltage biased stylus and wherein
reading the information conprises determning a force on a voltage biased

stylus. |n stiEokigpsernt smbedimenisef thapretenipyrogon, sheqs dpstope styles isdaterally used.

That s, WheRyidheadkalt Q5L Btné Blocifie il pRAhRLE BEL Th Sorhd @behigrogr ammabl e

filmthe polarization e nmenory locations Is perturbed or destroyed

(i.e., the i Hesramhodirentst the at legst engetylus is movable from one memory location to
another memory location in the electric field programmable film.

[0080] In some embodiments of the present invention, the method for storing information
in an electric field programmable film further comprises reading information written to
the electric field programmable film. In some aspects of these embodiments, reading
information written to the electric field programmable film comprises determining a force
on a stylus biased at an electrostatic potential, wherein the stylus is 0-50 nm from the
surface of the electric field programmable film. In some aspects of these embodiments,
the stylus is 1-50 nm from the surface of the electric field programmable film. In some
aspects of these embodiments, the stylus is 5-20 nm from the surface of the electric field
programmable film. In some aspects of these embodiments, the stylus is 8-15 nm from
the surface of the electric field programmable film.

[0081] In some embodiments of the present invention, the method for storing information

in an electric field programmable film further comprises reading information written to



menory | ocations followng the informati on read may no | onger be
representative of the pre-read information state). In sone aspects of these
enbodi ments, the device is re-witten following the information read to
restore the device to its pre-read information condition. In sonme aspects
of these enbodi nents, the voltage biased stylus is operated in tunneling
node or contact node. [0082] In sone enhodi nents of the present invention,
the nethod for storing information in @an electric field programmable film
conprises reading information witten to an electric field programuable
film In sonke deqpectiad @fogﬁahﬂﬁeleﬁmﬂodhéfaﬂft}ﬁ:,at ldaq ofRgNIut 14d6 oltde thastor ce and
the direction of that force repuIS|ve/attract|ve) inparted to a

stylus are SH&%%“?W&F’E&&TFWEGFG 't“ﬁé‘“?‘r‘ﬁ“o‘ioﬁqﬁflﬁ"érﬁ'e@ff%ﬁl@géf oremen aVlRes i ¢ fiel d
progr anmabl e,ifskd sy uEaR bom@y@kéta@ﬁ tRest BMBEIMEAOR dedtAlchvd Rad BQsl qRbdit,c field
programmabl e filmcorresponds to a magni t ude and a direction of a force. In
sonme aspect sVhsp thenpamaion ddiearkiiemn therekstricdieldeprperammabls difra ¢heipglagizasiospor t i onal
way using a Jr d g4 (ikek aspects of
t hese enbodf%gﬁﬁgﬂﬁgﬂﬁkﬁg&%gq%gaﬁgggﬁfggﬁ Oglﬁgg?ﬁéﬁgpgﬁ?wﬁgggeo in lock
in anplifi ermeneae loseticte Sdloigdhd infaungionpeadanty adongr Q@epmtatuvnoétbcre aspects
of these e o e f| cl udes at

| east two a\r}}) Fé gﬁmrﬁmﬂéﬁ"&m f%(?)%ld’nlle as[jéc‘?sl,oq Ter @elflt?]orﬁgg > gl\?al ‘%) e information
state corresponiten fadlowingjthid iefoemationpeddan restrd the doficet th és ptegedd inforhationd
programuabl e fi ts o the electric field
pr ogr anmabl ecof'ﬁ!l } ' |IH(§?IB%%S§€°§ ‘%ﬁﬁeﬁ? elg\g/%(f rET &he Vﬁ?%%enbé?se%ﬁtyluifsé’ﬂ’gatﬁﬁﬂl a second
avai | abl e i nfvafeting inode @tcadtact maderein the first available |nfornat|on state
corresponds first olarlza ion of the electri fleld ranmabl e film
and the " sedofi 1w sneastbad fisn DEe Porens npwlag br msfign e st Haguan

pol ari zat| ONn @h eleific ﬂél@@?dgfdﬁlmszﬂeeﬂilﬂl dbh@ﬁﬁe%mm,genfbhhemon kﬁm%ﬁ){manas pects of
t hese enbodinents, the electric field programmble filmincludes at |east

throe avai | AHEEIG HRRTREEMBRbIS e it SOISGHRSFR ObHets cmippineals| §¢ MHERMET i on
state corr esd?fgr}glge 5 R @tcliG] Ghat @&L@(e gﬁ%ﬂugf\/e%itrarch@e) Ghffteli tfa J‘d/lﬁi d
programmable film In sone a@tpects of ese enbodi nents, the electric field
21 progr anmribbath fridicativernd thedetorraation sigte oAthsiclesticdicldtiirogrammabla fidmakech a second
avail able i i tate;

wherein the LBk ERRHR I dhch B FBunAINE sf CORABMRR 2 L S

pol ari zat i onn@‘mttld\aemélad(rtq’tuon of ‘éulr@: pr egmecaspeeh of theké d:mbodwhe!tetm forneissecond

avail abl e i nformation orres rlzatl of the
oot e B b S BthaP O SRR e bR OB PR AR B D o1 et on
state some aspects of these embodiments, the force is measured in direct current mode or in

lock in amplifier mode as described in U.S. Patent No. 6,185,991. In some aspects of
these embodiments, the electric field programmable film includes at least two available
information states, wherein each available information state corresponds to a different
polarization of the electric field programmable film. In some aspects of these
embodiments, the electric field programmable film includes a first available information
state and a second available information state, wherein the first available information
state corresponds to a first polarization of the electric field programmable film and the
second available information state corresponds to a second polarization of the electric
field programmable film. In some aspects of these embodiments, the electric field
programmable film includes at least three available information states, wherein each
available information state corresponds to a different polarization of the electric field

programmable film. In some aspects of these embodiments, the electric field



corresponds to a third polarization of the electric field programmable film
In sone aspects of these enbodinents, the electric field programmable film
i'ncludes at |east four available information states, wherein each avail able
information state corresponds to a different polarization of the electric
field programmable film In some aspects of these enbodinents, the electric
field programmable filmincludes a first available information state, a
second available information state, a thjrd available information state and
a fourth available information state, erein the first avail able
information state corresponds to a first polarization of the electric field
progr amabl epoplatmabledilgiinchidesa isconidatdeyiafdrabtion steﬂtdjﬁ@écﬂiﬁd aaillalsé at e

corresponds t second pol zat.i the electric pr.ogr amabl e
Film wher i FIRRIGY AR B‘faéakﬁ%w&%tmnéwtesfv frémc%? f@%ﬁ&ﬁ ©to a third

pol ari zat i onjn@frmafidhestdd &ftebpdndd ﬂoealfﬂst@magiaaimm@elwha’ﬁaa%dgﬂ%ﬁabrb the fourth
avai l able information state corresponds to a fourth polarization of the

el ectric fi efimphewinhereasprd apilable impamagion stcdioraippndske p secord pHerization wj | |
recogni ze hou hOcisiahi phgARRLBRIAIALRY RABUS lird 880 HiSmalith GaL ab! T oh

the various nenory state or a particular electric progrannable film
[ 0083] | n sovasrespandetiondiit&padrizatien qfﬂl@sﬁéfmrqurﬂﬂan@gr@lnmablhélrpr bigiom vol t age i s

() Migh enayah, &idelnlidmt 8, AUEEAUAAMEDIRPEATLAGLARM AN 0 the

electric fie e en
pol ari zat i ona\mlalhc mfdﬁmetlcei sbtesy wherinehddh avgitabigrigfiommedtios stfatelcmreapoxmsa@e t he

electric fiel,. rogr ammabl e fi i a differe vai | abl e f ormati on

Stare. but cHireRa R TRt dhest s dieRfetapmaie Bl T S Bact bRl g

progr anmabl eerﬁ&ddl’ﬁlé&itﬁﬂfe%ldc@xcmﬂibiﬁgrarﬁmﬁblé fieninclull Q3% t availadRTefognhiRdi ment s of

t he present inventio EE met hod. for st rin _i@fornatlon in an_electric
a3l %‘Pé’ Il

field prograffgif € roRRLigN ététef ii.é il fforaatontate ard ffudh

el ectric fiehwilpOBARABRN Raté, WHeaPRPASBE 4vaRibld MWnCRutd Sre@longd olac fi el d
programmable filmis derived. In sone aspects of these enbodi nents, the

met hod conpr fiseRoly iR il el%ﬁr%ﬁie&@rpgremma@re &y igF dmhsiseeond PY%LP% nposi ti on

from for ml afpf@attorpide EQFEpYnal io@ednd ppBBLBbRMof 1BE BiAL iGN pRFRIRIbISES a
bi nder, an el ectron donor and an el ectron acceptor; 22 where at |east one

of the el ect filth \%ﬁmthaﬁwdtaﬁélaéleé&fpwowé@ﬁ%ffsp%ismmréapllayzqﬁemﬁﬁ to the
bi nder; and, th\é’fai%a*?k@iefd%m%mﬁah@ fi &ﬁ'm{emx‘?%e%&ﬂh%%rab %foﬁ,kaﬁ%h LQfe donor and

an electron acceptor rein Tormulation cont ai ns ess than 0.05 w % of
at | east oneCQIfeSpCthetoell feutth poargtatir of ghecklechiis fisldgmogrammable &ipn.oPne HO085] | n

some enbodi rrgrragn%ry skllf in%h r&%ﬁlqgcoggl\éee l!?(;[\}/ %%Staﬁls%b&gggnateobanag é)ndI 484 %o@l]:eso rmation
to establish the various memory states for a particular electric field programmable film.
[0083] In some embodiments of the present invention, the program voltage is (a) high
enough either (i) to induce an enduring polarization within the electric field
programmable film, or (ii) to change the enduring polarization within the electric field
programmable film to place the electric field programmable film into a different available
information state; but (b) below a threshold voltage at which the electric field
programmable film starts to conduct a current.
[0084] In some embodiments of the present invention, the method for storing information
in an electric field programmable film memory device further comprises selecting an
electric field programmable film composition from which the electric field programmable
film is derived. In some aspects of these embodiments, the method comprises selecting
an electric field programmable film composition from formulation A and formulation B;

wherein formulation A comprises a binder, an electron donor and an electron acceptor;



in an electric field programmable filmis provided, conprising: providing a
substrate, providing an electric field progranmable film having a top
surface and a bottom surface, wherein the bottomsurface is electrically
coupled to the substrate, wherein the electric field progranmable film
conprises one or nore portions, wherein each portion corresponds to a
menory | ocation having at | east two available information states, wherein
each available information state corresEQnds to a different polarlzatlon of
the electric field programmable film providing at | east one styl us;

witing information to at |east one nenory |ocation by applying a wite

vol t age bet weRdre hth&asﬁdirwolﬂﬁw&lbdtrtbrf%noﬁdiﬁ&lﬁd’eﬂéo&oﬁ@d’c@;&&r it Bigenatally ®asidd tone menory

| ocati on t he ite voI e_i nduces enduring pol arization within
t he electrlc&Fg@pﬁ'ﬁF%g@?WﬁéﬁF% Svﬁwomﬁﬂg% "ﬁ@b@bﬂgxﬁﬂdoWﬁé@Embnbodlnents
each nmenory liegha&Rplasvidteil BARilatdATE&neYRIES Blag 0108 0Bk 104 Sfeadfes. I n
sone aspects of these enbodi nents, each nenory |ocation has at |east four
avai | abl e |W@ékﬁﬁmﬁ@ﬁm§méﬂ@§kmﬁﬁl@@ﬁﬂ”aspects of these enbodi nents, each
menory | OCat!r? §§omé Qﬁlﬁﬁhrﬁ&ltsedfmtpr@%ﬁ'nln%p 1&1 hH{eﬂl B(%r SR gh@&"m%tl rl h sone
aspects of t enbo I ments, each  nenor  ocat i on has tﬁ ?lve

avail abl e i nlﬁl@nmilﬂorﬁe@t}m@@nmabie Slons p dl@ﬂmflsmgewewdegb@uhsnetn,t s, each
menory | ocat St aspects of
t hese enbodi#%%?ggggg@ﬁﬁgg% %k%focalﬂpﬁﬂh %E? %€%§1§8F§0§n 8?#5 ion

st at es. [OOBﬁhmtmtﬁﬂmﬁommhﬁden&ﬂkﬂmnﬂymhwhpma$emﬂmwmweﬂkmmnhethﬁnsubstrate
i's conductiVF gr sem qu ctive. I§$ect§ of these.enbodi nents, the
substrate i shAGRWEERITARIE i COE‘BH%CS 8%%“6?%‘6 BYTPR BROERSEH AREIYs, ¢t he
substrate i s%mmmamdu@dmwloc{ufm&ﬂmgﬁt1&9ﬂ®vo&nhﬁdlenﬁmhﬁat@ﬁ st*af&@ present

i nvention, t ast us conpri ses, at ast e of conducti ve
mat eri al and“Berea ficl @Bﬁ‘&gg“t Pé@x"ﬁ’ﬁf‘é‘?ﬁeéf’rreﬁpﬂ“‘%% L&éﬁé&ﬂ“i”&f‘“"“toﬁ

enbodi ment s, elkdigec BN k)#b‘grahﬁndlﬁ&dﬂmofvroaldﬁ@@ﬂléﬁ& bi¥eEstyTRd; ritiath mférfhaﬁ&{ﬁ% agspects of
t hese enbodinents, the stylus is made of a sem -conductjive material. 23
[0088] In solsast EBENoRAecE %fbwelyw@swfﬁ volinge hetvesn the fielugtndtbast one styl us
conprises a qRaRnCARAY il RadiBhEHERbry mdauo%ome@§ﬂﬁé¢vﬁte%1tégamc@srmod' ment s,
the stylus is made of a non-conductive materi al é I'n sone enbodlnents
of the pr esesnduiing/ralarization witfen é\elebctplp(ﬁviddmgr@nm@ﬂh . fI@rsomsmmtﬁgf

| nformation §;0..) b%hﬁ%h{s @%er%c%ﬁl;ﬂpgr!o%'e§st Hr e%mfa%’gﬁqﬁit]%ﬂ%n sﬁ{eg‘“ ding a

substrate; providing an e ectricfia granmmabl aving a
surface and B some aspects of these embodiments, each memory location has at least four available

information states. In some aspects of these embodiments, each memory location has
three to eight available information states. In some aspects of these embodiments, each
memory location has three to five available information states. In-some aspects of these
embodiments, each memory location has three available information states. In some
aspects of these embodiments, each memory location has four available information
states.

[0086] In some embodiments of the present invention, the substrate is conductive or
semi-conductive. In some aspects of these embodiments, the substrate is conductive. In
some aspects of these embodiments, the substrate is semi-conductive.

[0087] In some embodiments of the present invention, the at least one stylus comprises at
least one of a conductive material and a semi-conductive material. In some aspects of
these embodiments, the stylus is made of a conductive material. In some aspects of these

embodiments, the stylus is made of a semi-conductive material.



bottom surface, wherein the bottomsurface is electrically coupled to the
substrate, wherein the electric field programmable film conprises one or
nore portions, wherein each portion corresponds to a nenory | ocation having
at least two available information states, wherein each avail able
information state corresponds to a different polarization of the electric
field programmable film providing at | east one stylus; witing information
to at l|east one nenory |ocation by bripging the stylus into proximty to,
alternatively into contact with, the top surface of the electric field
programmabl e filmcorresponding to the mnmenory |ocation and applying a

vol t age di f f §1088cle st webodimens oftthd preseanidvention, sheat {aasttone stylub evrapriset he

magni tude of the voltage. difference i i.gh enough to induce an,enduring

ot ar | 2ati on"drcHg AR el aF RO Bt ol SRR R Bt bects o
t hese enbodhemednguctivaahatemi@hory | ocati on has at | east three avail abl e

information states. In 0 as ts of these enbodi nenfs, each nenory

| ocation has fotoﬁ%e@ spige 85“5?4{531}%15%%%5@"? ‘ﬁY?ﬁ’F‘H‘htﬂ?%ﬁ‘sé’fc’.@’II“@ a “feﬂ“’gcfﬂ‘e aspects
of these enbogdiifERfmaRAGH aBIEREY fib1Q pRlrMndbASTIm BirRtistaproalng ai nf or mati on
states. In sone aspects of these enbodinents, each nmenory |ocation has four

avai | abl e i nPubstigie;i ey idingaredlectiqipddprogigmanshie fdmbavingrd frpsudiceraRdapr esent

i nvention, t i L - Qi |tk hit lnformation in
an electric Pﬁgﬁah%?géSéﬁgggrﬂhgﬁbﬁgq%%ﬁ%??é?ﬁg&Qg%ﬁ%VFSF%B&QQEUbstrate;
provi di ng anwbbreintthd gedtiieficld plogygmarehrisiflle chinpriseh and ergnere pgpossuwhereie  and a
bottom surfa I 0, | I to the
substrate, - Lpunh Ehfeis ROL AOEbE MitaRifta et BN CR b e AR B D o
nmor e porti onstateptvéesimeack achlaljo mierontioostate sprespimds © aaliffgampylatiztian obn havi ng
at least thr vai l i nfor i.on . : viding.at | .

ol t age- bi a0 FEn R Febr-BoBaME i bro iRl flcesb Ml it ARG

i nformati on tdest oleaagiiorp ireaticarhyrbyingiag &teisgushiyto lpraxingityntg, diteeapvapmtd nt o
proximty to, alternatjvely in contact with, t op surface of the

B et i ¢t oot shaiviabputer Ok fe EBMHE S Rnerbals HEP D IRBEAE o and
appl yi ng a vealetagelothtoh efcappsitel viage differed beeob e afythstheths vitstrant e,
wherein the nﬁgnit de of the voltage_%jffene@pe i s high enough to induce an
enduring pol #fEuxthemagits of thelapedifiprepcers bighyenpugh fotpdnes PR E7dUfiAg wher ei n
the electric Kf)liaﬁia@oﬁ)wg{n&lﬁ@%& fﬁé%&)g@ﬁmﬁsktﬂl@n Id oneekgetsdikiom

formul ati on and fornmulation B; wherein formulation A conprises a binder,
an el ectron G@heHmERfe cash meney dqcatirndwe atjeast thragiqusilablginfpazation gates.on t he

el ectron donQimandeddisr thdse b QImARE SR ety ICRRMIHESNt (DORGvhiibihe bi nder
and, wherein fornulation B conprises a binder, an

information states. In some aspects of these embodiments, each memory location has

three available information states. In some aspects of these embodiments, each memory
location has four available information states.

[0090] In some embodiments of the present invention, there is provided a method for
storing multi-bit information in an electric field programmable film, comprising:
providing a substrate; providing an electric field programmable film having a top surface
and a bottom surface, wherein the bottom surface is electrically coupled to the substrate,
wherein the electric field programmable film comprises one or more portions, wherein
each portion corresponds to a memory location having at least three available information
states; providing at least one voltage-biased conductive atomic force microscopy probe;
writing information to at least one memory location by bringing the probe into proximity
to, alternatively into contact with, the top surface of the electric field programmable film

corresponding to the memory location and applying a voltage difference between the



el ectron donor and an el ectron acceptor; wherein formulation B contains |ess
than 0.05 w % of at |east one of the electron donor and the el ectron
acceptor. [0091] In some enbodi ments of the present invention, the electric
field programmable filmis used as a nediumfor mass information storage.
In one aspect of this enbodinent, the field programmable filmhas a

t hi ckness of 5 to 500 nm or 10 to 200 nm or 10 to 100 nm In sone aspects
of this enbodinent, the filmis disposgd on a conducting or sem conducting
substrate. [0092] In sone enbodi nents of the present invention, there is
provi ded a nmenory device, conprising: an electric field programmable film
wher ei n t heprethecant! thecubstreledwinar g tteermeagiltalefof thevobage diffeenca isrhight énphghci t y of

i ndi vi dual nmapped portions, correspondin t.0 mul tiplici _of individua
mermory | ocdf i"girpf‘éﬁf a'aﬁ‘i‘g‘r‘ré']grf’ofaﬁllz?ﬂoﬁé‘flﬁ‘éfh&‘? g‘%ﬁ‘%ﬁ%& pg’sgra"ﬁmbﬁ:ﬁ ftﬂﬁ #PPor mat i on.
I n sone aspeEtisctal fiélh pRogragiiidi imndompoditieh ib Bdldcwddiond fopaRtion A hecat i ons

include at | east three available informatiop states. In sone aspects of
these enbd@imH#ios B:plersin Brppigtion Aﬁ@ﬁbfﬂﬁ;ffsrglegqri SRR Ao a4 oast four

avai | abl e idMcBEARIERDr; whb@hERast bt STAUEIRHBE Bérdr Md thbeR&rATBQPIMRNt S, the
menory device further conprises at |east one stylus. In sone aspects of

t hese enmbodihamisely baundtasthe biadest andnwheseip fumuletion Bisempasesabinder, el d
progr ammble?ectrbxlf) HoRF gx?df a‘?lFé‘Pe%ldBﬁ 9&@&5@%&@%%&1&1‘% Non [?1? d€hat fobaci litate

at least one of reading and witing o plurality o e 1 ndividual nenory
| ocati ons. Wi ofstirestaspeidhseloftronldes® apdithedlenternt asceptdrte menory devi ce further

conpri ses si_one rra styli.., erein the array of styli are
operat vl y g B borPFtg e B ngibiebpicind PRET IR s FRlebloimPites s0ch ¢ ha
i nf or mat i orfilmais uizd agh nledimsi foomessafifofmatiomsiotdzenint ame aspdet(dfithis erplediimdnt,om t he

electric figl rogra le filmusin e grray of styli. In sone aspects
of i hese. &l HR AR RI o B 4tceoger S s 3B 219 f X0 sy U UEBTH el ot | ve
to the el ecinfi B sbinehspectp bO@IsRMBBHIhRNE thle Hilm 2&dispoSAdala doRduzaREorebodi ment s of
the present invention, there is provided a nenory device, conprising: an

el ectric ff@W&mB¢6ﬂF%ﬁW§5W§ film wherein the electric field programmble
fil m conpri®es)an BHhd dutlodfidnt Pnd fadbriiliatiod BRREE pROIdLE @ RRmeAr deerpondi ng
toamultiplicity of individual nenoré | ocations; wherein the nenory device
contains i9MmpFiRREi Yrelectrin el pregramemabledilm whesein therebacyricifiséht i ons using
di fferent pﬁ% hinf@bik AT c&?prisgﬁ{ ﬁﬁﬁiﬁgﬂ% Jf%ﬂiéda?ﬁgwed Xﬁi‘ol’x?&)ln%s o%iﬂé mat i on
states. In so aspects of these enbodi nents, the nenory device further
conpri ses db alnpaigliconef indiyldua mdmprg eatioas;ydetesn information is stored as

multi-bit information. In some aspects of these embodiments, the individual memory

locations include at least three available information states. In some aspects of these

embodiments, the individual memory locations include at least four available information

states. In some aspects of these embodiments, the memory device further comprises at

least one stylus. In some aspects of these embodiments, the at least one stylus and the

electric field programmable film are repositionable relative to one another to facilitate at

least one of reading and writing of a plurality of the individual memory locations. In

some aspects of these embodiments, the memory device further comprises at least one

array of styli, wherein the array of styli are operatively associated with the electric field

programmable film such that information can be at least one of (i) written to and (ii) read

from the electric field programmable film using the array of styli. In some aspects of

these embodiments, the at least one array of styli is moveable relative to the electric field

programmable film.



of these enbodinents, the at | east one stylus and the electric field
programmabl e filmare repositionable relative to one another to facilitate
at | east one of reading and witing of a plurality of the individual nenory
| ocations. In sonme aspects of these enbodi nents, the nenory device further
conprises at |least one array of styli, wherein the array of styli are
operatively associated with the electric field programmble film such that
information can be at |east one of (i)2?witten to and (ii) read fromthe
electric field programmable film using™ihe array of styli. In sone aspects
of these enbodinents, the at |east one array of styli is noveable relative
to the el ectdoo3fin@bsle BiBEHIRAEHTPE tRe predet inl OO ItheRORBredRadinieditrs d&ficel he
present invention will now be described in detail in the_ follow ng

Exanpl es. Ex&tpprsing: apeleetee field opogrammadle filop obgreinthecleptinhigdéd enenet hyl

met hacryl at ef g A RS pRE Q%ﬁt}ﬂli@f)&)eoﬂ%ﬁhym{appéa' JAHRIns WerFesParaRgr ed
according to tﬁe fol |l ow ng Brocedure. 500 m, 3-necked round " bottom fl ask
was fitted wiahmaltipheigehsdividuabmernery ilovatans: Witpsein g mamrage devidetcRntains r ogen f or
15 m nutes. ] . : r AN E an (THF)
(120 m), 9%%%’%‘#’%@%%r§@n§‘ttﬁ%&r¥e&{aﬁacr $ ryal\%%m{ﬁﬁl%ﬁ/’?@ﬂg%%@%ﬁ@ggai | abl e
from Al dri chcor@sponddadlifiesnt avmldblwainfosreationlstajes ( Insofe gszents of 86se2 nmol ) and

2- hydr oxyet hyl thacryl ate (HE 9.3 i .0 ar . 6.8 mmol), with
2ai et pon.  TEprdTBAR flelpahdty SRt sdiuiss ool 5 AR ol

car boni tri | epf theserembodimahtk,ytheoat ddabtank etyfus and el cleq¥ia tield proglefth 8l filnDarb7 gr ans,
2.33 mol, 2.85.%ww, Wwth agitation.. The fl ask ontents were then heated
Co reltux  AlparcoBpl adrhs 't of St reinapatitsdohe sh HRO BB Atd BHigs ooy

|* - azobi s- ( Crﬁxkﬂiheéﬂf&ﬁwinﬁiafdbﬂﬁxﬁdrﬂdrﬂf Rlat{ods. 89 sghampectSofifesd@Rbodithedtd, the W W) was
added. The fl ask ontg&%s wer e thep refluxed for another 24 hours. The
flask cont enffeMRBr &Vich EHtheroBIPEeesehlept 8 ATERnoE ssathsreimibe appnelshflia®f t he

flask were t BgfatRRH Rbclaltt Wi AL dctrRS ficdd prBgra@seie i tsidh th&tikematigh ut i on
contai ning 20 vol une percent of hexane in ethyl ether to precipitate the

bi nder. The §¥1 ket bari@ae oMasvritsn teanddi) 1s3d Sere thegiecrricl fiekdprperamanaleditmed i n
vacuo to yielgd, ﬁ\g%—'{?yl %%%39 1 Sonfe Jsé]é&sf&ft%@e én?oo%ﬁ%lxé[n@- thEXS YR STezéna lgetric

Field Progranmak nposi tioh Preparation 0096] An electric field
pr ogr ammabl e stylilinmoaplowmilativote thaslegriefield etpgtammbibesidinvi ng  t oget her t he

bi nder from e 1 (,0.38 ; Cr i nker. Link 1174
ol yoour yi o SLOTT sty ulied Bl i brbRIR ANl o bl oe SRAGEN 1 B

p-t ol uenesul fadhiwingltNachples.

Example 1: Binder Preparation

[0095] An 9-anthracenemethyl methacrylate/2-hydroxyethyl methacrylate copolymer
binder was prepared according to the following procedure. A 500 ml, 3-necked round
bottom flask was fitted with a condenser and gas inlet tube and purged with nitrogen for
15 minutes. The flask was then charged with degassed tetrahydrofuran (THF) (120 ml),
9-anthracenemethyl methacrylate (ANTMA, commercially available from Aldrich
Chemical Co., Milwaukee, W1.) (10.0 grams, 36.2 mmol) and 2-hydroxyethyl
methacrylate (HEMA) (9.3 ml, 10.0 grams, 76.8 mmol), with agitation. To this mixture
was then added 1,1'-azobis-(cyclohexane carbonitrile) (commercially available from Du
Pont as VAZO 88) (0.57 grams, 2.33 mmol, 2.85 % w/w), with agitation. The flask
contents were then heated to reflux. After refluxing for 24 hours, an additional portion of
1,1"-azobis-(cyclohexane carbonitrile) (0.89 grams, 3.64 mmol, 4.45 % w/w) was added.
The flask contents were then refluxed for another 24 hours. The flask contents were then

cooled to room temperature. The contents of the flask were then poured into 500 ml of a



nonohydrate (PTSA) from Aldrich Chemical Co.); an electron acceptor (0.216
ng, C60-Buckm nsterfullerene fromA Al drich Chemcal Co.); and a solvent (24
g, 50/50 ww blend of nethoxybenzene and 2-heptanone). After dissolution,
solution was filtered through a polypropylene filter with a 0.2 gm pore
size to collect the product electric field programmable film conposition.
Exanple 3: Electric Field Programmable Film Preparation [0100] An electric
field programmable filmwas fabricated B§ spin coating the product of
Exanple 2 on a p-type silicon wafer having a dianeter of 100 m|lineters and
a resistivi t. 0. 0. .1 ohmem at . i N, speed from
about 2,500 b%x%gé/eﬁﬂ%%gﬁ%thg%gsc %Ttitllgggeﬁfgélgrge\ggse% ﬁg}rl]ex %elggﬁélgir&éer hot pl ate at
250C for 60 peciphas thebinge €tharolidtisdt waccdlle@édbypruomafitnativnend dtied ihavi ng a

t hi ckness of about 5 le. 4. W.iting Information [0101 ] A coupon of
7mm by 7nm mégcuef%%@adeglﬁéﬁﬁ?%ﬂ% ac%’ifye"éf“‘gis li“‘gon_ waf er of Exanple 3. The
coupon was cenment gianple N Eleduid PSR Pedorant@ I Eilh Cofpbdifidn WeghtaiionW th  si | ver
paste. The resultin was placed in a Veeco Miultinode atomi c force

sampl e V€ .
m croscope wWROLA ﬁﬁgggﬂép{oer%mbﬂ%ﬁilmeqomm@nawmr@awérb&f_élsmlt%scope was
outfitted Wdpbng th@Rhdd ¥R EShYIdS (A NALLMMIKY N 13 MR RANK 197 €
constant of 3.0 NNmand a nom nal resonant frequenhcy of 75 kHz. The stylus
was const r ucgkebusy! cpsslinkerdoane €yter Iidussries); anstalysi(At088 gi mtolusaesalfonis ecid or ce
m croscope, 0 Rl ‘ face of the
ol ectrio t) oraruPSbalren) KOF MEMR GrrRlcd 4R ki SRS MES
potential . TOe-Blckaoinsiecfull¢rededrqm agirehPhsrhiealfGol)parndrcdolvdmd24 br@é&0anvai | abl e

i nformation tates.. Informati s t hen itten.to | ural.jty, of menory
| ocat 1 ons i noERESETaRpPbaFAng 2 Bap S ChtoHiony o B ERBT endr | ng
domai n of pothagigkatpolPropglend Bisd MiiaTR ph PoreRie 6f collb thdPrediceslédtrictnle
information states) wthin the electric field progranmable 27 film by

sel ectivel y PiRgEfaRly fmsemppsdon; ol t age of -2.0 V, -0.6 V or 0 V onto the

stylus and touching tieniliyd-Usetflc FREI roRasmabliaefmAfedahBog! ectric field
programmable film corresponding to _a_given rrermrg [location to wite the
M

gi ven menor y [1188k4n elctrinfigld prograsmmabls @m wasdphsicated by gpin goatipg s pradpefery .
During this Eﬂ&ﬁb@%n‘%"b-@?@ﬁli&ﬂ QRS e a BRmeRPHN RO nditinfrdddagnt was
observed to flow through'the stylus. Exanple 5. Reading Information [0102]
The i nf or mat resistisityorfebout A.0fletoabewt tOrli dhnf-pre bk piropeed i plout 2,608 1pm. Exanpl e 4
was

The coated silicon wafer was then baked on a hotplate at 250°C for 60 seconds to give an
electric field programmable film having a thickness of about 50 nm.

Example 4: Writing Information

[0101] A coupon of 7mm by 7mm was cleaved from the coated silicon wafer of
Example 3. The coupon was cemented to the surface of a magnetic mounting disk with
silver paste. The resulting sample was placed in a Veeco Multimode atomic force
microscope with a Nanoscope IV controller. The atomic force microscope was outfitted
with a cantilever/stylus combination with a nominal force constant of 3.0 N/m and a
nominal resonant frequency of 75 kHz. The stylus was constructed of gold coated silicon.
As mounted in the atomic force microscope, the bottom of the sample, and thus the
bottom surface of the electric field programmable film, was constrained to be at ground
potential. The electric field programmable film included three available information
states. Information was then written to a plurality of memory locations in the electric
field programmable film by creating an enduring domain of polarization (corresponding

to one of the three available information states) within the electric field programmable



read using a Veeco Miultinode atom c force mcroscope with a Nanoscope |V
controller outfitted with a cantilever/stylus conbination as described in
Exanple 4. Specifically, a DC bias voltage of +5.0 V was inparted on the
tip, which was then passed over the electric field programmable filmat a
fly height (distance fromthe film of 10 nm The Veeco Miltinode atomc
force mcroscope was able to read the iE%ornation stored in the plurality
of menory locations in the electric fie programuabl e fil m by measuring the
el ectrostatic repulsion inparted on the positively biased stylus. The

el ectrostati fim bLRIMEIinJARAE ST BRs §MaedGSh biw &) ¥ Vir 33 6hts thkl sHguswas
indicative of the information state wiften in_a given nenory location. 28
Ve claim 1.an tagchipgdhe dylustodl tagsurfacoefiie slestriq field prograseapledilm e d
progranmabl ecdric fBnding TPLN] HeoR IQMiSH D% AINELRES hkfiofy Bl R 1ROr anmabl e
filmhaving a top surface and a "bottom surfacé, witing |n?ornat|on to the
el ectric fi elnforprogrstatnrhid] @ 3f iebpectivehadpliringtigs mformaiienestaroigtpagsessany oss t he
electric fieL%n%E%%QﬁH%ﬁQ%@oJJ%%‘J@Q@&Q) ﬁﬁgs Sface to the bottom surface
usi ng at | eadt"Grie stylus, erein ewrte v age induces an enduring
domai n of polarization w thinHxhmpled: Refading Iifforeladopr ogr ammabl e film and,

i ormat i on GGt icte ppierop R A IR F apfs P Tae (Pind ARt 10 o

?g f }‘ gr ent pféhdigs}iﬂ;,ﬁﬁf meo l\gultixﬁodéeﬁdmd fdres mitoREdps gvitﬁhngHnB&bbd)]rt}f tdtraNerel ectric
e progranmabl e f1lm device, conprising: Provid ng a supstrate;
provi di ng an®&fiéed witha ?%n@!eaerﬁfﬁgrcambw aﬁ%?%ﬂlh%}ﬂ#@fmaple&p SPErificetls aind a

bot t om Surfag@,bié@/_f%%ft%rbftkh.@ R4S iRFhreddr dnaketip, SvhRh &k fef Phds¥d SREpLed to the
substrate, wherein the electric field progranmable film conprises one or

mor e por t i onglectiihBeld programyeabloyfimat 8 dly beighid8isanessramy thy fhelrlf imbcBiei on havi ng
at |east twoygyaiNdhisad a{?&{?i(rgff@rké B%r%s}%cgﬁétv% ablRETE fie %ﬁ“&%aﬂé’:fét&t%ﬁkerﬁgf ectric

information state corresponds to ferent polarization o
field progr apirelbibyeofiidmpry locations in the electric field programmable film by measuring the

electrostatic repulsion imparted on the positively biased stylus. The electrostatic
repulsion imparted on the positively biased stylus was indicative of the information state

written in a given memory location.



providing at | east one stylus; witing information to at | east one nenory

| ocation by applying a wite voltage between the stylus and the substrate
at the at | east one nmenory |ocation, wherein the wite voltage i nduces an
enduring domain of polarization within the electric field programmable
film 3. The nethod of claim2, wherein the at | east one stylus is an array
of styli. 4. The nethod of claim2, fyrther conprising reading informtion
witten to the electric field progranimable film wherein reading the
information conprises determning a force on a stylus. 29 5. The nethod of
claim 2, wh®eelaimeach nmenory | ocation has at | east three available
informati on states and wherein jnformation is wjitten to the at | east one
menory | ocationlas nPteogifer sEEing igagAn Ingin elgcifis fisid pragramEable 88hpr i si ng: an
electric fighgrigrggrammable film wherein the electric field programmable
filmconprises a nultiplicity of individual mapped portions correspondi ng
to a multiplicity ofPrPyiding pgelgstriEeld piograsaeablotma haxingedomsurfaes ardor y devi ce
contains iy %gﬁrfgcgn stored as nulti-bit information. 7. The nmenory device
of claim®6, further 'conprising at |east one stylus. 8. The nmenory device of
claim 7, wherein thewating iefeshatoneo gt gleutsic diakd prdppammehbtde fim by dppbli a

pr ogr ammabl e heECi tho facilitate

Jilmare reposifi le rel ati 0 _Qpe, ano
Dt %1 aaar o b e Ao R e eran b Wi T P S0 E Y Bl v dual
menory | ocabitensurfRe udifieati@piyny sfiej ce of claim 6, further conprising at
| east one array of . styli, erein the array of styli are operatively
associ ated wit hwﬁiﬁrélnéf‘%\‘ff”ieiv\é\ﬂﬁeé? Cesﬁ‘Fﬁa‘?‘ﬁWﬁﬂB’F’é‘“f’%(Pﬂ?réﬁE?P YRR thenf or mat i on
can be at lfaglc RIErOraRmegE &MMEBMEJL0 and read fromthe nenory device using
the array of styli. 10. A nmethod for reading information stored in an

|
electric field )éﬁleﬁi*léhqﬂfﬂtréc figld pregragnpBle tdmrgsludss avirast Wy apiladleectric fiel d

pr ogr ammabligfofrhdtioh GQRS, SiHGCH Na%ﬂi@?nkd?ﬁat%n%’ia@éjcdrﬁ?;ﬂ)}nds baeQfte menory
i

| ocation, wherein the electric field programuable m i ncl udes at | east

two avai | alfiolarieaifosr mati on states, where each available information state
corresponds to g di I\fn%}ﬁ)'atfor%?drﬂl"g'i:ﬁ%aﬂ% in an electric field programmable film

device, comprising:
providing a substrate;
providing an electric field programmable film having a top surface and a
bottom surface, wherein the bottom surface is electrically coupled to the substrate,
wherein the electric field programmable film comprises one or more portions, wherein
each portion corresponds to a memory location having at least two available information
states, wherein each available information state corresponds to a different polarization of
the electric field programmable film;
providing at least one stylus;
writing information to at least one memory location by applying a write
voltage between the stylus and the substrate at the at least one memory location, wherein
the write voltage induces an enduring domain of polarization within the electric field
programmable film.
3. The method of claim 2, wherein the at least one stylus is an array of styli.
4, The method of claim 2, further comprising reading information written to
the electric field programmable film, wherein reading the information comprises

determining a force on a stylus.



providing at | east one stylus; determning the information state of at | east
one nenory |location by neasuring the force between the stylus and the
electric field progranmmable film corresponding to the at |east one nenory

| ocati on.

29

5. The method of claim 2, wherein each memory location has at least three
available information states and wherein information is written to the at least one
memory location as multi-bit information.

6. A memory device, comprising:

an electric field programmable film, wherein the electric field
programmable film comprises a multiplicity of individual mapped portions corresponding
to a multiplicity of individual memory locations; wherein the memory device contains
information stored as multi-bit information.

7. The memory device of claim 6, further comprising at least one stylus.

8. The memory device of claim 7, wherein the at least one stylus and the
electric field programmable film are repositionable relative to one another to facilitate at
least one of reading and writing of the multiplicity of individual memory locations.

9. The memory device of claim 6, further comprising at least one array of
styli, wherein the array of styli are operatively associated with the electric field
programmable film such that information can be at least one of programmed to and read
from the memory device using the array of styli.

10. A method for reading information stored in an electric field programmable
film, comprising:

providing an electric field programmable film containing information stored in at
least one memory location, wherein the electric field programmable film includes at least
two available information states, where each available information state corresponds to a
different polarization;

providing at least one stylus;

determining the information state of at least one memory location by measuring
the force between the stylus and the electric field programmable film corresponding to

the at least one memory location.





