I 1 METHODS FOR WRI TI NG AND READI NG | NFORVATI ON AND DEVI CES BASED THEREON

[ 0001] The present invention relates to nethods of witing information to a
menory device and nmethods of reading information froma nenory device. The
present invention further relates to devices using the nethods of the
present invention. ['0002] Scanning pr oBe nicr oscopy is a w dely used

technol ogy for analyzing material surfaces at the atomc level. A
conventional exanple { j is.an atomc force

m croscope (AFM that %Egggﬁgﬁﬁr&gWT&ﬁ?&?A%i Y1 ﬁgw%h%rlﬁ crofabricated tip
mounted on a flexible cantil M ' ically produced from Si 3N4
or Si. |n opeidi lbepresdneinpersioe raatesto yhetieods sf wiitng infosoaimdd a acnoss t he

f f terial : | i cat] . th b tyl i
i nt i nod SEVR St Getods b BR0Ge PG bPB A<ty B Bha e ace o the

material, i .igentibrfuftieirelen Revictfhg tham&hs® ol BRlpr@attidRatiod he probe or

stylus is maintained in contact with the surface of the material, i.e.,

cont act modéY0 PhecaBE@TRFRAFOEAPHEANEEHY 1ird terhBpigey BRa1EINEUPHERS of t he
material andufrhesa RatbMR 18Vel A Sodveptidnat dx¥RpRiof & 4ahin pRLORELbIES. Of the
surface of the material and can be neasured. For exarrpf_)e, In so

appl i cat i onds an ateynis ferep micresaoreddFMhdhaspesise perbest ¢ivlys bavangvve rel ative to the
surface of PBLE LA Ther f 19 [ enent can be
detect ed ané‘hgrrrgas%rffedf&prﬂgu mﬁg%%%%nﬁggﬁmﬁé&#g&pgg};e tg(lilg;g measur enent

of the novermnt Silkew Sa Inaperation, tieus et antylusas loply séannérbacgaathel ever and

refl ected ont hot odet.ect.ors. Th phot,odet.ect or, si.gnal s. are used to nmap a
gi ven propers r?/ac(% ?? he egﬁfr':fhééoemeo?ppﬁ ?laetlgprsathéerqr%e or & {uﬁlre%lg aﬁ’?‘lﬁ 8'¥s down to the
atom ¢ and riitncs 6fd fes.anfdirosis @lvay GuiaRsSsurfadteofitied r@stadial ired in ¥@f-¢dnt@t novenent s

of the probe or stylus relative to the sanple. are controlled using
pi ezoel ect r iM% r MHI?(?@P%“HW&’ © PEAbE BLEMUS 1§ SRR i#aGd ‘BF@&%é‘gtﬂ\ﬂ&q t age

di ff er ences sufiRROtHeinidlal, i 0., It@nABMESERN The [RQARbaARIRREAeH Shediddingret hods f or
storing binary data with high data capacities are disclosed in U S. Patent
Appl i cat i on ol sugfags o shenpaterd gud hossraghe tinis Bidigdtiye ftcerpin properiss of et al .

di scl ose an yapRALAL 3ShCRNDA] ShdGnde hRRGIEA P BxaApid, i QniTBhbhRAtibAYer on
which information is storable in the formof perturbations, an array of
probes that thipfor¢agaases the preheas styhis tq mpee rslagrye torka surfaee gitsbmatesadan t he

surface of the 4f.ap na%ﬁgélé{u?{] céftﬁﬁh{c’s%ﬁe‘ﬁ%a)ﬁ b%‘?l%@:t?%aﬁdﬁea@ﬁreguﬁ?ea“ ons via

t he probes, neans for de € presence o0 e perturbations via the
probes, and nirsi menmeateshnique foraieientiptheastamentrof tl@tmovement usése lase r ay  of
pr obes.

in

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 mformation 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 means for moving the tape relative to the

array of probes. .



2 [0004] Notwithstanding, a need still exists for new nmethods of witing
and reading information and for nenory devices using such new net hods.

[ 0005] In one aspect of the present invention, there is provided a nethod
for storing information in a nenory device, conprising: providing a nmenory
device; and, witing information to theznenory device; wherein the
information is encoded with at |east two polarization nagnitudes and at

| east two pol arization directions; wherein the polarization magnitudes
provi de a pol #004hNownthstandvig adeedstitl srists (draewerstlnds ngwriting andireadingn and t he
pol ari zation di ] I nal ari i I tion channel for
encodi ng i nf o@%@%ggaﬁj&g{)@]&l?ﬁ dg}']lg%h%{nggg‘%’é%?’ rg%‘tﬁ('?ﬁé present invention,
there is proviéd] b ometspect df the preseutrinvegtiom therenm piowded e oreghrod Sdmrstpringr ovi di ng
an electric f% édagro Q@ngg?l%e&éér%mhqx;n 0g.dtoplgurfa giand(? bott om
surface; and, T AGTIMTOrHacT on- £o k he gePR e M1 er ¢ progfammabl e film
by appl yi ng awtiting tifstalatiage tRchaasryideeice vdetein the fnf@htiopiseacodsdratthet fil m
fromthe top surface to the bott n1erface usi ng. at | east one styl us;
wherei n the wiSRHEVYBPIREFGEOT RABRECSAT ShIgEH MHPLBIFATST ﬁfecwsawezaﬁ N within
the electric hoighishtipg &g%xaﬁﬂ&q&r@vi_aéé JlardAfon MABEEBE cHafke1 ke daRll ON 'S
encoded with at |east two polarization nmagnitudes and at |east two

pol ari zat i on #iferEatipmast theppdsrzation dectigns Pervideatnolpizatiogriinecipaschymeli de a

pol ari zati on gﬁgg&h enoldg! for encoding information and the

pol ari zation directions provide a polarization direction channel for

encodi ng i nf otd986] wrenothgGeFct oithaprescnbmventiprdherofts prévadedragsehed fonvent i on,
there is provj hod .. storing infoermati in._an tric field

pr ogr ammabl e %t?ﬁ?ﬁ %go\g?l %Jé]o?l’ %%%I}Sf%i %ééﬁgﬁ%ve?ﬁgﬁeg&]grﬁggpp a%{eesﬁlblr ovi ding an
el ectric fi el Hayggtopsuidet end a bonohesnrface; and, opiting inférandomtodhaelbmtid om sur f ace,

wherei n the battom surf&(i%ﬁf’ms el ectrically coupled to the _substrate,

wherein the ePgigProegmm BotPRRRE I VO IREE SRR ilssl%tﬁeﬁs mor e

portions, wheppfnfabl M fd hets BHRODUSE HoBoR sHEXBRYink @CRist 6 provi di ng
at least one stylus; witing information to at |east one nenory |ocation by

appl yi ng a wr PYSs; whsreimBe WoEe vRlesc indeces ay prgyripgdomaie ospairizeterewihint he at
| east one m”ﬁ{e)élécf?ﬁ%lﬂﬂo%{ar\%%l@ Iifinl 38, Wherdiff Qb ARIoh AU %%%d%th%‘dur | ng
domai n of polarization wthin the electric field programmable fil m and
wherein the i khgrtwepolanzation magudides anid ehleast twaepodarizationodisotiensi wheréio the
magni t Udefs anﬁ%ll%iza#igl?ﬁltag&i es%gl)\ﬁéé azgtflgir%ti&l &%éﬁt{lgycsﬂa{x&rf gorvéﬁgo"d%lén the
pol ari zati on gnitudes®provi‘de a polarizati magni tude channel for
encodi ng i nf orforatatienargitbe pdiaizptdraditezadns provilleragolarianionplievticdehangebl ar i zat i on
di rection cha?nel . :
or encoding information.

[0007] In another aspect of the present invention, there 1s provided a method for

storing information 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; 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 and wherein the information is encoded with at least

two polarization magnitudes and at least two polarization directions; and wherein the

polarization magnitudes provide a polarization magnitude channel for encoding

information and the polarization directions provide a polarization direction channel

for encoding information.



for encoding information. 3 [0008] In another aspect of the present
invention, there is provided a nenory device, conprising: a storage nedi um
containing information, wherein the information is encoded with at |east
two pol arization magnitudes and at |east two polarization directions; and
wherein the polarization nmagnitudes provsde a pol arization nmagnitude

channel for encoding information and the pol arization directions provide a
pol ari zation direction channel for encoding information. [0009] In another
aspect of t he[@0&kBranothevaspdci ofthe plesanéiniventiondhérd ecpravideinromgmels deves,
conprising: an electric.fiel [ ble fil. rein. |l ectric field
pr ogr ammabl e f ?T%?S(I:& ’ arsltosraeergedﬁﬂ??ﬁ;ngﬁ%% f@orﬁn‘rah? n&“%ﬁ%%]‘u%‘f mtrg%r}glﬁg(c)fl 1%orti ons

cor respondi ngeticoded with &tilgdst iotppladizationdhaghtiudel amdearbrayt tivo palatipition wher ei n t he
menory device cont ai ns iﬂf or nat i %rxlji encoded. wth at | east. ttwoéli)olﬁjr' zation
magni t udes and"&fions aakyheriy s olanzalign gy qes ProVESIS & PORRAR AR SR8 P he

pol ari zati on gR@AEIHASSodHOMIGERaGon A kR Jolaizitn degivnt peideRannel for

encodi ng information and the polarizatjion _directions provide a polarization
di rection chanrelanizetign digsrbepirhgnsl dAorsmerdinegpfonpePro] 1 n anot her aspect of the

present i nvenidqagy imldA6her dspecRbOht Eﬁgeni ﬁ@ti'&ﬁ,%&@ is ﬂrﬁ@@éd%érﬂ&? l9ERLd, on st ored

to a nenory device, conprising providing a menory evi ce containing
i nformati on stoRRGNg agelecisiadieldmesrammably filnpcdicramthewleerigifisld he i nformati on

s enooded i bRy Stint M RRLAKARRAD FRARIANARSR Joribnd CaSt b0

pol ari zati on ections; | rization es provide a
pol ari zati on comagpéndutgdo e autmaicity of indimidoa inregnoiry fooatinas;i vohreream the trkegiory

pol ari zation dir.ections. ovi.ge a | arj,zation djr.ection chanpel.  and,
Peadi ng-the 1 APBRrERn PR eforRR ALIAR S8 Bk apT R 4 e
di recti on andleastgwo poldezatibn Hhetipnd; ad wixiréin thegiotatiedionmdghi#udat provdaat one

menory | ocation. .[0011] I.n anot her. aspect of the present invention, there is
o ovi Hed . mePRBHEDPR Mg AG RT driFE O SloBPER DeERERY eyt ce,
conpri sing pr aitédtioRgpravidEAPENrizatlery §i6R ti6:08HaAhdN kiR @nédaiy ifREhAnSt ored in at

| east one nenory location, wherein the information i s encoded with at |east
two pol ari zat {SHOEgwptherrseechplthe prepeap Bventign. theys isrpwudad agretied @fct i ons;

wherein the palaahkZabinRRoMBERE YAESmBRUVEE BmBRYAS oMl mdRGy! t ude
channel for encoding information and the polarization directions provide a

pol ari zati on d¢viescaonpininghaionaationsiased diahlgashpnd memeryderatien, yharin theid, readi ng

the " or Mt §5h 6k Bnidted Dt TPRRE VNl idMimElEH 685 LRBuctedsfie® O Lhe

polarization directions; wherein the polarization magnitudes provide a polarization
magnitude channel for encoding information and the polarization directions provide a
polarization direction channel; and, reading the information stored in the memory
device by detecting the direction and magnitude of the polarization stored in the at
least one memory location.

[0011] In another aspect of the present invention, there is provided a method of
reading information stored to a memory device, comprising providing a memory
device containing information stored in at least one memory location, wherein the
information is encoded with at least two polarization magnitudes and at least two
polarization directions; wherein the polarization magnitudes provide a polarization
magnitude channel for encoding information and the polarization directions provide a
polarization direction channel; providing at least one stylus; and, reading the

information stored in the memory device by detecting a force on the stylus.



DETAI LED DESCRI PTI ON [ 0012] The terns "electrical coupling” as used herein
and in the appended clainms enconpasses ohm c contact, capacitive coupling
and/ or inductive coupling. [0013] The term "chem cally bonded"” as used
herein and in the appended clains enconpasses coval ently bonded, ionically
bonded and hydrogen bonded [0014] Thetterm "derivatives" as used herein and
in the appended cl ai s, reference to an el ectron donor or an el ectron

acceptor, enconpasses chemc s_and anal ogs of the referenced
el ectron donor or electron amrﬁ%%h@ﬁ&h%“qlﬁr exanpl e, isoners, chem cal
substituti opei2]are st d8aeisal cBuphligt Bs 1926 helkRGIhA ANthe BRIRAAIVIaiBL €Ct F ON
acceptor is chemcally bonded to a binder or incorporated into the binder

as a nonone?nCBWP%SSGS[O@B’i%ﬂomPﬁ%C%P@?‘Fﬁ’@' fPbpgandiog Fpdugtve ewRlinBer ei n and in t he
appended cl g TIRIGRIMASARANMEGTded B Phse ERGQHESL Mstﬁ‘er apfiedd@d CRirks - user data
encoded for conpression purposes), device "housekeeping" data such as servo
data, trac kel‘@PmB@éQSGPVﬂW]drbﬁafiqdolﬁmcalerlmmdélb’éfﬁafrnsbm@%ck signals, or data
regarding t S f- user data and/ or
encoded use@sl‘gﬁ? ef:té d%ltelé&vk}n% hgs)egl%l%&tﬁﬁge&géneﬁtﬂlé%%g?&{dga ?\am?éﬂ , error
checki ng, Ccefaract toom eﬂnctrsu dmrordeanai@tfbh]wsgbeemon@msdmm)mca[ 0016] The terns
“ground sign %f and " ro ial" as_ used her and | th appended
clai ms nean¥° lFaé’loai & 8%% “S et e R Ao & € “3]08&0%’ F%de is
applied. Thgfoyegiuile, Sdogial c}féfm@ll mwﬁtumiseamulnasltanfr@smn Raichers didttighound”, | ogic
ground, or any other arbitrar li ed volta e, whether constant in tlne
varying in @qnﬁboro%lectr%wwgﬁ 8§ l‘e kybapged t?eéwfr OFRREOTORIH AR on” of the
electric fighgrRSoHoasm&Yg. film as that termis used in the specification
and appended clainms, is a vector quantity that inplies both a direction and
a nagnltudeﬂmlﬂ'E@ﬁ@“éhﬂbﬂ@ﬁ@%ﬂ@s@Ed@W@HbWé§eﬁ@amﬁméﬁhﬂﬁws pol ari zation is

used 10" St Of ol dc 0l NLREAR O bara @01 Bler NS ABHEN fofUbekheRioh i nf or mat i on”

as used herein e appende nmeans I n mat 1'on st ored u5|ng
more than tmop@vai deahtleeh@uaél@cptag’idamsmtlaamwehata mmyectommwmnom .e., each

menory | ocatign _can Wi t.t e t|o selectedfrom
three or m)ie 1??1%?3 ﬁ’]flof)lfﬂl%rf' ?zgﬁqa@nrgﬁargiﬁgkﬁ p}%] g‘? ?@[ﬁ ?Ztglﬁs /%% esol vabl e
into a pol asm'bzt&tte mdm@@ﬂuﬁuﬂﬂomﬁocﬁdm@éraauazambmed d’lth eﬁﬁh@@ourﬁlﬁ of ordinary

skill inthe art wll recognl ze ho st ab, r| ate bands and dead
zones to € %1 18- SOt FHseKA |°8’ﬁ§°t1f’?1 ﬁh ‘W?ﬁ ?uas{: § aéa particul ar device.
5 [0016] 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.

[0017] 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 and a magnitude. In some embodiments of the present invention,
polarization is used to store multi-bit information.

[0018] The term "multi-bit information" as used herein and in the appended claims
means information stored using more than two available information states per
memory location (1.e., each memory location can be written to have a given
polarization selected from three or more different polarizations). Each polarization is
resolvable into a polarization magnitude and a polarization direction. One of ordinary
skill in the art will recognize how to establish appropriate bands and dead zones to

establish the various information states for a particular device.



[0019] The term"information state" as used herein and in the appended
clains refers to a given polarization of the nmenory device. Each
information state includes two channels of information, nanmely the

pol ari zation direction channel and the polarization nmagnitude channel.
[0020] In some enbodi ments of the presend invention, user data is witten to
the nenory device using the polarization direction channel. In sone aspects
of these enbodi nents, device house keeping data is witten to the nenory

devi ce using [obe9] Tehani FiXohARtidiP@ite! sReChA8Aahd in[tRDabinded cR@HE enbodi ment s
of the present invention, user data is witten to the nenory device using

the pol ari zat 6% WagETRRALTIEH IR RE he nemoniieyicss Fach wfogmatgnsiaie inglgesdi nent s,
devi ce house tlﬁ%%@hxﬂﬂlsqgtnﬁoﬂnﬁitl% 'ntaltn@ tﬁ@p&lﬂﬁat’iﬁ@k&uﬂﬁ‘ﬁhﬁﬁl Mg the

pol ari zation direction channel a@%o I n sone enbodi ments of the present

i nventi on, |an@ﬁﬁ§@bma$§m@h@E and witten using both channels

si mul ta”eous' % s&ﬁé‘ é&ﬂh&&@%ﬂ%{ rfion [l i Arif @ xTPodi ment s of
t he present t|on east one stylus is operatively associated

with a canti I@mepry dexine udﬂ@@@ Bolﬁmatlutséqucmas@oml aln somewsnichtsof these  are wel |

known struct u{}%ﬁéﬂﬁ{)&l@ﬁ% cetlnﬁ% n g&% ls%t&n t@thgg%gf&vwegs ?g HR aspects

of these enbo e can S are prepare exi's
fabrication pcéarkzaucqmsgmtﬁlinechaﬁnemrdl nary skill in the art wll recogni ze how

to adapt cant| rs to e s irenments for .a given plication by
altering cant [:Obgtjgp S EN %fﬂ'é?%é'?‘?gss?fct ¥ prﬁ%egﬁ’ﬁf’eélrnf’%l%er@gtad%wg‘ft?‘h@tt?%n, r esonant
frequency, fomeBogesit@iNing thepdhtzativh fhaghitudPtiAghdIC I $omeabRetsiolf Gbe

susceptibility, magnetic susceptihbility, front side coating, back side
coati ng, |eve<fm‘e9rhrpw&1fi?‘tlgﬁ heyss W@Pm%ﬁaé%twre&rl tq e memopy deyicepping fikess, tip

di aneter, Oﬁﬂhﬁﬁu&m&ﬁ%ﬁ@{dmﬁ&§XIbl|Ity, tip geonetry (isotropic or
anlsotroplc) hei ght, front angle, back angle, side angle, tilt, spike

hei ght, spi kel Wiﬁtlﬁ sorp epbedgeninef the pratent iieentigp.aRfornainpag encoded gne
enbodi ment s Of, rift sk, ggy%ngmélahx{ws%%hlgﬂe usBefo? E¥dnie, h&ngeﬂdﬁa&lﬁg in static

node. [0025] In sone ments o e present i'nvention, the stylus is
operated in [#9A¥HrhsompesbodioeREHf thmprswmemmrmgnhthmttltslsfofnetstyélsm esent

nvention, t NeeBlivb£a85e 808 ML A ALY Sh B deBRORh AT W LN &

cantil ever ar™§ one aspect hese ~enbo e cantil ever
array is fabrmea&ﬂdn@m1ﬁhmhmﬂgh&wmyﬂp@mémﬂnhbbﬁnaxmnht@omsomumskaate. I n
Some aspects of e o P Stevert e Praphrad Msing Baeting bricsione. ¢ ched

techniques. One of ordinary skill in the art will recognize how to adapt cantilevers to

the special requirements for a given application by altering cantilever parameters such

as materials of construction, resonant frequency, force constant, length, width,

plasticity, electrical susceptibility, magnetic susceptibility, front side coating, back

side coating, level of impurity doping, electrical resistivity, thickness, tip diameter,

coating material, flexibility, tip geometry (isotropic or anisotropic), tip height, front

angle, back angle, side angle, tilt, spike height, spike width, overhang and effective

neck.

[0024] In some embodiments of the present invention, the stylus is operated in static

mode.

[0025] In some embodiments of the present invention, the stylus is operated in

dynamic mode.

[0026] 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 1s wet etched



6 using ethyl diam ne pyrocatechol or KOH solutions. Those skilled in the
art will recognize that wet etching techniques are typically dependent on
crystall ographic orientation of the substrate, which facilitates a good
etch stop along the crystallographic axis generating well defined etch
pl anes. In sone aspects of these enbodifents, the silicon substrate is dry
etched. In sone aspects of these enbodinents, reactive-ion beam etching

techni ques are used. | n sone aspects of these enbodi. ts, chemcally
assisted i on BEBRFBYIHirHge Pretaircheles Kb sqlugs. Thpse gﬁ@&éﬁfé’&gﬂ f these

enbodi ment s, McEEANPHE: s Siching thcRhigsdiBreal FiblIRWchS@bRof UBStalldgBpHised. |1 n some
aspects of these enbodi nents, the cantilevers exhibit a cross-sectional

shape sel ect e@rientgipnodSieghbiipisr Which fqtlitates a gope eEbsior popg g6nal and
conbi nati ons kﬂ@{aﬁ@raphk@m@géﬁe@&l&e@aﬁd&%ea Q%QF@@ BdoARMsSoctstdtenesant i | evers

are prepared from7a material selected fromsilicon and@galllun1arsenide.
[0027] | n sonembpdimdityehg slicoh spbseratsrieds sich¢da sernospedthel these| east one styl us

has a tip. | S, i , LR d by
2ot ropi 6 wet SBPOURs RS RBEL e B pe 0 S AR AR Fruct A bRe et 60T o Y gl e
crystal mat er iteke erhsodémenes, claespeadly sssidted ihe benecttiony teeinigies tleassi Agl e cryst al

Used to productnt fBest o BREEmBRITG S migrospe ~SsFLRPAE TFER CHRGe RN
tungsten al | oy used. ahisbdénspoRts yEes dibod RBaE, thd danfilRVers exhitsloped silicon,

doped di anond, refractory netal s and conductive ceramcs. In_sone aspects
of these enmbodiosisredonalsippesissiedifion wgetapmiargpungs sllipicahipalysattdand ft of f pl us

oxi dation is Ws8EinkbnP Mo E\iEY asHRaL Bf BQeRLBHdiRRAS, BhaRaldvisRg. Those
skilled in the art will recognize that the sharper the tips, the nore

densel y i nf or ReePis fremrp el oelecied fxomm silippn sdgalipmiarienideor age capacity for a
gi ven device. dQ9PR]sobid eﬁx%%nﬁﬂﬁgg{h@%ms%tMVeﬁtnﬁ, e GBERE oA VAN 1R 4ipt he at

| east one stylus Is coated wth a netal. In sone aspects of these

enbodi nent s, theome aspestssif thpseegbodimenty, thedtpas tdmedibyt omplicivet[c@029] I n sone

enbodi nents of_ the. - I QR . ] y .S

operatively agts(%%gg?éeog&\?m%lﬁh g?{tgc elrog(rrlhagébﬁ'uag{m%l ‘g%?%t?l?lg‘ﬁ %éaﬁ'h%&?wmft i ng of

i nformati on t espnts othestanmibodifrieatsdthp siogle arysebinatefial ligsilido@0 BOjonleraspaive
one st '

orbo ents L e ST BYGDLL AR e F S B LS v o
i nformati on stkeeael fran nmgsted, @aigsted alidys)| platiudgmalybadaua, ogedsilidon,
undoped silicon, doped diamond, refractory metals and conductive ceramics. In some
aspects of these embodiments, a combination of wet or dry etching and liftoff plus
oxidation is used to provide very sharp pointed cone shaped tips. Those skilled in the
art will recognize that the sharper the tips, the more densely information can be stored
and the higher the storage capacity for a given device.
[0028] In some embodiments of the 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.
[0029] 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.
[0030] In some embodiments of the present invention, the at least one stylus is
operatively associated with electronics that facilitate the reading of information stored

on an electric field programmable film.



[0031] In sone enbodi nents of the present invention, the at |east one stylus
is operatively associated with electronics selected fromdriving circuitry,
preanplifiers, wres and conbinations thereof. [0032] One skilled in the
art will know how to enpl oy existing tools and processes conmon to the

sem conductor and solid-state industries to provide the circuitry needed to
wite and read information in accordance with the nethods of the present

invention. Ing (ﬁ)@FPIn%HR@@inB@J]ﬁm%nt@Bf%Q?xe@én@?n%ﬂnohV}H@E'ttléé%{‘one sRusal | east one
stylus is operatively associated w el ectronics |ike that used in

scanni ng t unnepdriyelyiswesdopih dastrvpicssplecefdromritivingsieity grreaniifiersos copy

(AFM systerrswnwar@%buﬁg&gqﬁéeoqf these enbodi nents, the at |east one
stylus is operatively associated with scanning t unnel i ng mcroscopy system

el ectronics. [M932p0e: ddjpdan theoft Wilibsey hewbodiptenesting kwisandipeasiseone styl us
5 05T Bt Vel v RRSOR!AL b Wb AL S G un eI SBRIP IRVl ect Toni os.

[0033] In sone € Fesent . I mvent Tectric field

pr ogr ammabl e fideded iosvitanid Ea@mMaﬁbmndembxdaaMWﬂt theagededs offm«s)prpmnti ons
defining nenory |ocations for.informtion storage, |In sone ects of these
enbodi ment s, TP oe o GEREITSHS S48 PSP LA™ iy B ChIoFS onf GEPTRI 1y, or by
a conbi nati onoysdaﬁrvegfassolcmedmmeel@&@ﬂed1&eqﬁath£easgs@ﬁm tiiBeling, | nformation is
stored in individual pennry | ocations through nmani ation of the

pol ari zation glpcrf)qquyeqsgy{)rsy%erﬁ@ d‘t‘ﬁ‘?‘& %msgom(ﬁg M)éﬁ“fr’é%ﬂﬁﬁ?ﬂ‘%g to the

i ndi vi dual MepREMss bOhEkleRBSAmENS, R atQ84i Rk éﬂerdtl@el&la?socﬁ{ea with! |
recogni ze that the nore densely the electric field progranmable filmis

partitioned, tdening fmerlingmectesopy gxstearaieitopics. Notsame hsreainaf igse t hose of
ordinary skil l:mb&hm&rﬂﬁ 1R dt 1648t ohe %ﬁ?xsrogacﬂﬂwlf%sﬁ&zﬁ&d {RL MoRidiRg @ certain

di stance between nei ghbori ng ations ps to ensure that the
i nformation snmreﬁltomnsysthmsa@cnemgmborl ng rrem)ry | ocati ons renai ns

distinguishab 034 resent, i nvention, there
is provided a @é%rn 7o %gr\?lgc&(gmg% r| spreéen H’v rf%é)g’ttg %lg?m%f%hdpr ogranmable film
and at | east pm@raaﬁydbwsﬁlrrm;airemmedldiadat, ahd@shappe®ingd portichsdefifiggses a single
mapped portion of the electri.c field ranmable fi|lm 035] In sone
erbod: mont s oMeRHE ! IEAk o B df S RBFGy P eHe SPHRBFYS TSt ce
conpri si ng anmRhest btdiohd £t deffic@ ghaioan16ziéalll8rapd coinbinedst therver. 3 Y| us,

wherein the at |east one stylus addresses a plurali t(%/ of mapped portions of
the electric £908§ @pec&gé?eémbwémgqt% pfomnation is stored in individual memory

locations through manipulation of the polarization of the electric field programmable
film corresponding to the individual memory locations. One of ordinary skill in the
art will recognize that the more densely the electric field programmable film is
partitioned, the higher the storage density. Notwithstanding, those of ordinary skill in
the art will also recognize that maintaining a certain distance between neighboring
memory locations helps to ensure that the information stored in these neighboring
memory locations remains distinguishable.

[0034] 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 single mapped portion of the electric field
programmable film.

[0035] 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.



[0036] In some enbodi ments of the present invention, the electric-field
programmabl e filmhas a multiplicity of napped nenory | ocations. In sone
aspects of these enbodi nents, the nenory | ocations are napped physically
and/or logically. 1In sone aspects of these enbodinents, the nenory

| ocations are defined |lithographically.gln sone aspects of these

enbodi nents, fiducial registration indicia provide global or piecew se
alignnment. In sone aspects of these enbodinents, the indicia are

i ndent at i ons [0036hia seme embodimEnte bfithp pegmamveadioe, the tiaetrié fieldone aspects of

t hese enbodi nents, the indentations.are formed using at least one stylus. In
some. aspect s PRERRLE WiGar AuEEE T hEm iR LReuP R ORG She FaThetPELT g ot

| east one st ybfheRtembadihRifeahéinghorlledtivhd Hemagfed hvia@llpandiér 1bgieqer at ur e of
the electric field programmable film [0037] In sone enpodi nents of the
present i nventl¥e aﬁ??étsé’lfgfﬁer‘i"i‘:boﬁi"éq“&’ ths msgroRnieeasioas # dpe¢ di vi ded into
portions conplig iS49'S LA shettsRAkIREd &hbddiRGkS fidudifQ atiéh RORR .
enbodi nents of the preSent invention, the electric fiel programmable film
i s divided i npovideEtobahs pieosiyss digngprerindn symaaspestssydithess embaedaments, tep039] I n
some enmbodi Meplf; f IS fithe LOMAE b8 BrodAEnMERHL | ) LhEhbeciphpar ammabl &
filmis divided into portions conprising concentric, substantrally circular
tracks. [0040jhesaengmdmentshihd inventgons faret thenqdremgat leastvaadtylon, Intsbree el ectri c

field prograpmable.filmis..moveable back and.forth.in dj rection. parallel
Lo n i Peoor SgRas Sr-hlok T SRS IR RadRinBE el Uhlartesfl SERHARR DT )

progr ammabl e & tdnipetaturabdow thenefatihepdiatadmpgendurt of the eleatriz f@did ect i on
per pendi cul ar _to thebLeiert axis. In sonme aspects of these enbodi nents, the
at |east one BIIAYE Panned across a first row of memory | ocations

parallel to t[m®3f])hSbma¥inBediibs af tht p@sdnt RenthythelSledtfic fiklgn st ep-w se noved
ina direction perpendicular.to.the first axi.s and then the at | east one
stylus is scaRipégmritkddn 15 divided ftle PoiPRscomBrYRy subsierialy marafelitirksel to the

first axis angho3g) BRomb Bmb&TRentdSPAE bRscdt inkBADE, BIBed e BARS, the menory
| ocations are scanned using a basket- weave schene. In sone aspects of these

embodi ment s, BogEMsEdiesEainfivgled Enepertiprs compEnng pie g giase eripbiEacksof t hese
enbodi ment s, Q)o?gfe]&'sﬂh@%béﬁﬁ%k B_ch§ﬁxlé§'éﬁ?in'v§nt1}6ﬁ?tqc cletlOfdal In sorme

enbodi nents o present 1 nvention, the at | east one stylus is associated
wi th struct ur pogiamnmbleddmtipdivaled otte pertibisalonippsing canseriti, sulfstantipllywhi ch
structures fac.ircluilatrzgr%cq(stracki ng of the at |east one stylus relative to the
electric field programable film In some aspects of these enbodi nents,
tracki ng i s afltdeVdomesinhglimenth afthe plesamemmentionathe gladtde fielde at | east one

styl us al ong gmgrra?ncrir(laafb

16%91 iE farltobéabie%ack and forth in a direction parallel to a first axis.
In some aspects of these embodiments, the electric field programmable film is also
moveable back and forth in a direction perpendicular to the first axis. In some aspects
of these embodiments, the at least one stylus is scanned across a first row of memory
locations parallel to the first axis, the at least one stylus is then step-wise moved in a
direction perpendicular to the first axis and then the at least one stylus is scanned
across a second row of memory locations parallel to the first axis and so on. In some
aspects of these embodiments, the memory locations are scanned using a basket-
weave scheme. In some aspects of these embodiments, a pulsed scanning scheme is
used. In some aspects of these embodiments, a continuous scanning scheme is used.
[0041] 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



9 some aspects of these enbodi nents, the tracking is achieved using optical
or other <contactless neans. In sone aspects of these enbodi nents,

defl ection sensors associated with the at | east one stylus are arranged to
interact with counterpart structures associated with the electric field
programmable filmto facilitate precise gnovenent of the at |east one stylus
and the electric field programmable filmrelative to one another. In sone
aspects of these enbodi nents, tracking marks are used to establish the
boundari es of sdnkeaspbotCsfithae Embddimprtg dreatraviain & dchievad dsihgoptie] asgbat s of

t hese enbodi nents, the tr ckln mar ks.are used to t er changes in the
direction of CORRFERSAICaBY g?SpF‘éég‘?tg?ﬁémg?chﬁgts é{‘?hg‘iq gsetﬂs‘éré? ric field

programmabl e fdshétate@vath et 1em oﬂé]ﬁylﬁﬁl%laﬁﬁngeﬁ@ﬂﬁ%}acl with esmteepapodi nent s of
the present invention, actuators are enp nove the at | east one

stylus and t h&Tushugsassesiatedayith the Elﬁ?tﬁ?rﬁ%lﬂﬂ’@gﬁn‘l“ﬁ‘iqleeﬁ]&t foeeiliigle g€ anot her . 1n
some aspects @lovdas 6f REROEANEI Bylud £H8 tl?bteléc?rﬁzsﬁel@ﬁ% nvla¥R HASe@fveact uat or

to facilitate its novenent across the electric ogrammable film In
sone aspect stofneranebd. dpdre avpevtsof theieempodiraens, tféﬁ@ﬂ&mv%ﬂgeluéedéost yl us

array. In Songste;q%gl?ﬁl%%ourﬁfané %}?ee%m%qjieﬂﬁ%gm gleq{lml %ﬂgottsne?t ec%st&fl us is a

plurality of us arrays erern fus array own actuator
to facilitat ethetesermmdammtst thadrdssg mhws eie@setdrtpd:nggbr éiadgq@motypdmibhef film In

and actuator BPFUTLCLIF AP T FOUAH B B EHE DF TR pr csent

i nvention, ea@oreaféthérever has its own act uator for displacing it froma
rel axed posi ition or vice versa. In s aspects of

t to a de
t hese enmbodi nt(ﬁ)gg IntSﬂ@eawgaﬁ ’étﬁrﬁﬁ ¢ BRI AR, arf&af%%ar%‘?‘ﬁléﬁ’%ft% i s danped.

[0044] I'n sonmoeahed: RRAbLS: @imihfatﬂéﬁ&@ﬁuﬁémmgfammbl&ameﬁaﬂ%ﬂoloﬁyer has its
own actuator which can provide displacenent of the stylus in nmultiple

planes. In sofethesewms agrectsiod fesemhodinBti G at Jest gra hduphasie aguator

pi ezoel ectri ¢ AGEHRALGEs Rivethehl RAZIME Blectric HRISPEE2RARREE Fifin. Of sbhAESE
enbodi nents, the at |least one stylus 1s an array of individually noveable

styli, wher ei aspasts phibesgrembpdipfentst the pt leagbong sipiislisa stykis stanhdedomeaigspeds t he

el ectric fiel Qf&és%%%m%!n& tBéLmas? h hﬁqéé{ AR fs%%’sa%%se xhus is
@}% ﬁj h H’?I %/ or"% di vi dual

further scanned across subar e
noveabi lity. edddGHHs almay hones oeumdnametufambﬂatetlhenmmﬁmbrosmthealtectnn, t he at

et oscopi ¢ UFER RSO US b PSoBF “TEHeoLPor eRer GHEESES RIS TSl ati ve to ¢ he

el ectric fi el dofaprargractaneebRingiahdictidforsi@iRig circuitry.
[0043] In some embodiments of the present invention, each cantilever has its own
actuator for displacing it from a relaxed position to a deflected position or vice versa.
In some aspects of these embodiments, the displacement achieved using the actuator
1s damped.
[0044] In some embodiments of the present invention, each cantilever has its own
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.
[0045] 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



aspects of these enbodi nents, a coarse actuator is enployed to facilitate
novenent of 10 the at |east one stylus into proximty with the electric
field programmable filmand fine actuators associated with an individual
cantilever(s) associated with the at leagt one stylus facilitate gap
control during witing and reading operations. In sonme aspects of these
enbodi nents, the coarse actuator is used to nove the at |east one stylus

bet ween a par leR@fhitioRd sti€ thtd ng«'oﬁi_nﬁ@dviﬁx & Elt@riOficld pAdrdansdtld Bl wien writing
or reading. [0046] In sone enbodi nents of the &Sesent i nvention, coarse

actuators ar e figepaiaterg asspeigiad pite 2o Edbedue] cantiley e esspritted vith thset leattor s and
| ead zirconat g, SROALHACLYALAES durib@QAddg 43 (SRR og,e@ae&{smgosmof the

present invention, coarse actuators conprise precision levers and

m cronet er scespssts of hekgmbpdingoivethe pdvottiapaosisgpedithenoye dxahleastovent i on, the
coarse act uat ' - t. g V] LLGU -l SQIE
aspects of thgé’glsg)g%éé %ﬁaﬁ{(g?&ﬁ%}}%gé&gé% %.CEI ]ffatrgér&déf)l&@éfﬂn%ﬁ%ﬁ VFIIéﬁl}}gto(r?y i's

i nt egrated i nteadinge nenory device. In sone aspects of these enbodi nents,

the coarse ac drivi circurtry is not integrated  into the  .nmenory
dovi cor T 00ao] AT e SRR PL b e bicl S RO SO BR HiEear ™ ear
one styl us i s froopa¢zatiemat yerati atdtaiab sk tidtdrhaml leddedircesutk Bthed donit@s. | n sone
aspects of th wite/read. el ectronics include at |east

se nbodi ment.s, th
one of a mecr g%’r“%l:ﬁ’&ﬁ’? ,6%8‘%8‘88‘@P?‘haéﬁeé%P‘,Vf"&‘&’l‘?p“é’ﬁ%gétaﬁr‘?m‘éﬁf’@ﬁ‘éiei c gain
control, fil tgfecisﬁ,gq@lefszagami@}aﬁlated@}@@t or, discrimnator, quantizer,
mul tiplexer, denultiplexer, parallel-to-serial converter,

seri al -t o- par §§98] Incems epbedimegfs gf the present yanting. he aRAsIAEARFTOHIEFDY t O

di gital convegdfie acnhidr 33WRg HRRARL In Wmd £195&s STHQE BN iRentt e Waisk e/ read
el ectronics include error correction neans. In sonme aspects of these

enbodi ment s, eefeatoRdriverereeitsy diisteBtig intp she mrmdry denaer- UB soree espsitingfl e
| ntegrated m GLOPLOGRRTAS, HiRbarkOR Arduidf'§ nBChle¥alda§o gf the memory

. tR Ak it ;
device. In sone aspects of these eﬁ%odéll rren%s, the wite reag 01‘tunct| ons are
per formed usi mgmerydeyicepr ocessor of a conputer to which the nenory device

is interfaced 0]l _1n so enbodi nents.of the.present invention, the
electric fiel éoougfglgrgl%%%f@enﬁewﬁfﬁlg pf)erse(:)n\%/lm 80 loélsthgﬁ ﬁaesr?o’}aeS \élrll Pnuous | ayer
or a pixel at edpdratrety. asbdviatesionth wspeeddsi@rodibe 98 senbagedesititbese t he el ectric

field programmabl e film has top surface and a botfom surface, wherein the
top surface af? ?‘ﬁg‘%}&%ﬁﬁ?@&?f}d{f&éﬁg’ﬂlgﬂ nglydseat 538t o of 2 PUraRTPRsssor,

encoder, decoder, compensator, automatic gain control, filter, equalizer, data detector,
discriminator, quantizer, multiplexer, demultiplexer, parallel-to-serial converter,
serial-to-parallel converter, digital to analog converter and analqg to digital converter.
In some aspects of these embodiments, the write/read electronics include error
correction means. In some aspects of these embodiments, the write/read 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.

[0050] 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.

[0051] In some embodiments of the present invention, the electric field

programmable film comprises a binder, an electron donor and an electron acceptor.



[0051 ] In sone enbodi nents of the present invention, the electric field
programmabl e fil mconprises a binder, an el ectron donor and an el ectron
acceptor. 11 |In sone aspects of these enbodi nents, the el ectron donor
conprises a conbination of electron donors. In sone aspects of these

enbodi ments, the electron acceptor conpni ses a conbination of el ectron
acceptors. In sone aspects of these enbodinents, the el ectron donor and the
el ectron acceptor conprise a donor-acceptor conplex. In sonme aspects of

t hese enbodi rrﬁmame ztsh@tmfelwscr q‘:mbq‘diire¢xnis preetpcaomddpoecdntives 4 eontbivmtion ofipr i ses a

donor - accept or L rent fne Pinder exhibits a
dielectric conlse P ?AOHPTS 36666‘5 o(ml%se %néotala%enésc ee o1 g?rhacce %enbodl ment s,

t he nmet hods otompeseps eaﬁmnationwéelbumn af:wptdﬁ:erln smmpeamﬂhésect ing a

fundamental | y non-.condugct iv bi,nder a dielectric nstant of 2 to
000 L o55] PR ERRS AUt R bET pd B R SR G PaS s F R B e n oo

and t her mal c&apIst. AMGEmE @spstth BSthaREndodiaReS Sle biBMAL Kbl §rdghenbadosint | on of
netals, etch harrier |ayers, seed |ayers, metal precursors, photoresists
and antirefl eé‘{rﬂ\?éc%’&)éls?sr?g@no’[ %gﬁ?rq(’ﬁ‘?%rre enbodi nents of the present

i nvention, t h@odsapﬂl%nfe%n@@&%ﬁ@%é Elﬁ&@r efd%lts aeaiaeazh@em@iahaqrz% s,oo@ol ymers;
i ononers; dendriners; copolynmers such as bl ock copolyners, random

copol yners, g lhaffoﬁne(?éwFWﬂ?ege ershogimantsp 8 r@ﬁ.‘)‘p@ﬁ ghibe gresqnh svvertiondarther par t i al
I norgani cs;, %1@&@?%%%&&9@}%&3& 81?&%& B86&Hhying B dfey caspects of

these enbodi rrent rrs s ecte rom or gani c”po rrers i norganic
pol yners andcmtstabtmfaﬂnodm@Othereof In sone aspects of these enbodl ment s,

t he bi nder anlc | I.n,so ) ts of these i ments, the
bi nder is an i{&%ﬂgg‘ &e emggchérr‘tS q‘%blg%eﬁvgn%g%e%ﬁ%w&f 813%%"1 2 drfg nts the
bi nder conpri msmcgﬁm@sﬁmdprocd‘sﬁrrs@ml@nghé)u@@smbﬁ)ﬁﬁﬁ&talb retchimmieenbodi ment s
of the presenﬁﬁl nven(ﬁ)ia?ﬁlrS t he binder is chemc bonded,. alternatively

coval ent |y borfd&g; 5 | REAR PTEGHISOTS £ PHOFPLCSISS A0 |a JR5HYT $%9)in%nd/ or  at | east

one of the el eEisBPHh RECRLOifSHts of the PRIBt BEBRTINSHO binkbas Se1@MagEimest s, the
at least one of the electron donor(s) and/or the at |east one of the

el ectron acceftanRie pligamers pelymess: Igpomsigdsadmems ropalymgesuch as bieske aspects of
these enbodi Ngfctymdrt §aribm! @AY meRNG 2@ Eofoliines!, %1: b18&k a% blesy) uf?af%yn% the at

| east one of the ‘el ectron acceptor(s) is ‘coval entI%/ bon ed fo e bi nder.
[ 0056] | n sonpaiéiplipeliganes: srgadomdindligsrand eornbinstipanthesal. Inkembpspdets of s sel ect ed

from pol ymer g, NG s MGts, (1M ATRL Soted R Bffhid bSynBR! ¥B85a¥ik G mers

pol ycar bonat es
and combinations thereof. In some aspects of these embodiments, the binder is an

organic polymer. In some aspects of these embodiments, the binder is an inorganic
polymer. In some aspects of these embodiments the binder comprises organic and
norganic groups.

[0055] In some embodiments of the present invention, the binder 1s 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.

[0056] In some embodiments of the present invention, the binder is selected from
polymers including, for example, polyacetals, polyacrylics, polycarbonates,
polystyrenes, polyesters, polyamides, polyamideimides, polyarylates,
poly(alkyl)acrylates, polyarylsulfones, polyethersuifones, polyphenylene sulfides,
polysulfones, polyimides, polyetherimides, polytetrafluoroethylenes, polyetherketones,



pol ystyrenes, polyesters, polyanm des, pol yam dei m des, polyaryl ates,

pol y(al kyl )acryl ates, polyaryl sul fones, polyethersul fones, pol yphenyl ene

sul fides, polysul fones, polyimdes, polyetherimdes,

pol ytetrafl uoroethyl enes, polyetherketongs, 12 polyether etherketones,

pol yet her ketone ketones, polybenzoxazol es, pol yoxadi azol es,

pol ybenzot hi azi nophenot hi azi nes, pol ybenzot hi azol es, pol ypyr azi noqui noxal i nes,

pol ypyronel | i thoRt@esethdpidtordslipdR¥akbi Reshe kBOhdPSiIicitckaZzdiésepoly@bideviésndol es,
pol yoxoi soi ndol i nes, pol ydi oxoi soi ndol j nes, pol ytriazines,  polypyridazines,
pol ypi per azi n@gl,ybﬁHPS’i’W}"PHlPelﬁé@faZ‘%% VBIWB%HZ?%W@@{, pﬁw)gﬁupoggglpéagx,nes,

pol ypyrazol es polypPlode iR Sotyquiek M XA Bb Y& AReNA RS SholRRIMEIYenzof ur ans,
pol ypht hal i des, ol yacet al s, olyanhydrldes,_pQIyV|nyI et hers, pol yvinyl

t hi oet hers, p®PYyexqisdindglipeshpnlydioxoreindolingy) Pokatiagies, PopdYYLAzZNgs: hal i des,
pol yvi nyl nitr : i - : fides,
polythioesterngg%F?%8%¥gﬂg%%m%%% Sﬁ?#ﬁﬂ%ﬁ%ﬁgg?gﬁﬁﬂ yﬂ?§§§¥§“£

pol yphosphazemelycarberbnesi podvoaaiasyclquohanss, polydibenzofigans, radymbihabiddsons t her eof .

L0011 LR SO SRR PEOLS, 8ol IEuRESTERL! SN} Mo kBEa B ARSI e 2, |
bufadiene stYmenﬁhw;BﬁﬁmemGWamthﬁdﬁTpmyﬁnﬂmM?k&nhderpbﬁ?aaloxane,

pol yest er - pol ye i mde net hyl net hac te- oxane,
poIyurethane-éBB@gﬁPﬂﬁﬁR8?$§ﬁ%%éﬁhgmﬁgﬁ?%Rgﬂ&pﬁ@w%gﬁyxﬁ%ﬁ ¥n sone

e][rbod: ment s OfpotybﬁaspIp@l?@lﬂfspﬂaﬁék};&@lﬂo@@ﬂazh%, ;gimdexanb@ ﬁﬁcﬁécﬁxflﬁﬁﬁoﬁgtﬁéfboﬂﬁ Xtures
of polyners. | aspects. of these enbodi nent e polyners are
crosslinkablel&Fﬁ?ggﬁﬁwéggﬁiwngP?f @gﬁmﬁﬂﬁﬁﬁFﬁbﬁ?EFMFHB%HWHﬂé?OWBWbrises at
| east two polsyeRESirod1eF &lafipRNEopefyetthiBarBbnate AR Ey18 M@ PRIIFERE Stytehe,chen cal |y
bound, alternatively covalently bound, to an electron donor and/or an

el ectron accepbemeasiloniiplerralyimiserobrilersae. plypegisrolyefistipideymer s i s not
chem cal ly bo 'ﬁ@@me%ﬁﬁ’é’tﬁh@ﬁlé{@béﬁrsi&%{&[ FR Y RRYDY si15:AnE 108 E%rgl%ﬁat%? ctron

donor or an electron acceptor. In sone aspects of these e I ments, the
bi nder conpri $leegsecit | east two pol yners, wherein one of the at least two

pol ymers i s C[{‘@db"ggﬂl Jo}ﬁe%%'a&'imeﬁlst ?fhﬁ%%és%/n‘% "ﬁ@eﬁt?o‘ﬁahﬁ Bldar D 940%4 43y AN
el ectron donot and another one of At Teast 't wo pol'ynmers is chemcally
bound, al t er makiuxesbfpdypuak.cht doynelaepend of theseambebmentsale @dwept ae. Such

i xt f pol b | oyed to fine tune t tjes of th
ol ectric fi el ABRBHArmRPRePRERT of eor Bpanieas PREAE FREFHHIER o may be

used to bal aneeo pbigmeRavigeein afid dfahe @St tvyp polythess ig tiwatically®etiid, c fiel d
programuabl e fil mcopposition. [0059] In sqome enbodi mrents of the present
i nvention. thelignsyel soxaleptly;bepih & ¢¥electron donor and/or an electron acceptor and

wherein one of the at Jeast two polymers is not chemically bound, alternatively
covalently 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.

[0059] In some embodiments of the present invention, the binder is a mixture of
polymers. In some aspects of these embodiments, the binder 1s 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



polynmers. In sonme aspects of these enbodi nents, the binder is selected from
a mxture of polyners selected from for exanple,
acrylonitril e-butadi ene-styrene/ nyl on,

pol ycar bonat e/ acrylonitrile-butadi ene-styrene, acrylonitrile butadiene
styrene/ pol yvi nyl chloride, polyphenyl ene ether/polystyrene, polyphenyl ene
13 ether/nylon, polysulfone/acrylonitrile-butadi ene-styrene,

pol ycar bonat ekthBery IRy Ipal§§dlféne/ rfszhms,buﬂa@llny&@y@w@mgéamixmtmeﬂn@aesm
PO

t erepht hal ate, pol ycar bonat e/ utylene terepht hal ate, thernoplastic

el astorer al | §jEshangypolyiesta PWW@ eng dgrorbiéiads, @p é(%atr'E)‘ﬁ’éFeQ’Olybﬁb’ie%t hyl ene

t er epht hal at e&d?&!hykﬁwté{ 'tlfaeﬂﬁoﬁlfsh@ 91'3§t91§1313411%ys ﬂﬁ@ﬁ/@llaétgrln@x%tﬁb‘f@%ﬁter/elastomers,
styrene- mal ei canhydri de/ acrylonitril e-butadi ene-styrene,” pol yet he

et her ket one/ paply hbm%@ﬁmbm@awﬁ@bQQWﬁy¢@ﬁ@hﬁ@m@nﬁﬁﬁﬁﬂy%@ﬁv1ene/polyacetal
and conbi nat i -ﬁ&%&ﬂﬁydn{dg/gﬁgﬂon tile HAERiefd! H?Qh{%@&%th&f the present
i nder partia

i nvention, the 'S an I nofganic or 'y“inorganic material. In
sone aspects efhetkhiesep@pdspatiuiiont, s',)plybtlhgalem/nbd@r, polyethplene@gyagetsl, kidcone,
silsesquioxane d conpfna ons thereof. In sone aspects of these
enbodi ment s, BWHB &F"E8hpri ses a silicone or a silsesquioxane. In sone
aspects of th gmopnmmb REDbGiments ©f the PbeEnt GOBRIONSHS bided ib kICRBRLaE of
S|Isequ|oxane%%;ﬁ&reln the silicone or silsesqui ﬂﬁ@e is chem cally bound,

al ternativel yP ’é‘ﬂ”ch’S’/‘C M3stiAt, I“F‘H“%?FP%qt%%fttP?ﬁﬁ ] ey, theP1adesct r on
acceptor or coshpmalh SiNsode hﬁl‘é&@ﬁlo{(zﬁ’l@ @ad cdnibiioEs ﬁ%@ﬂ'lﬂ?&ﬁ&asﬁécts‘ &e present

invention, the binder is functlonallzed to facilitate at | east one of
crossl i nki ng, terermiodimanim HieMndar ¢npaisesal sSiconosr apisesavioxaRe i wale bondi ng

with an el ect Bﬁﬁc@%ﬁ%@mbo&%ﬁiseﬂﬂ& b#ﬂ@&Qbfﬁgné’é‘sta@lh%heedr%%hge%@mg@ﬂ@r and

coval ent bondi an el ectron acceptor. In sone enb nts of the
present inve mhp@m the $ibcdye pdsilseiqyiogansas ghemrcally bewntbiltematively ofvajsotly mer s

having & UTORu SYSHAEIPAEEKLA JELADC Bl AP0k elnARY0P or ars/ mole. In

sonme embodi ment resent 1 nven I's a polymer or

conbi nati on omxmm]ynamsehﬁv&ngnmofﬁmphﬁﬂnauemagemabhﬂauhﬁan@mQhﬁimf 3,000
to 500, 000 gr i,ment t he pre L nvention, the

bi nder i s a_ polyHas *Grest Bt Aer B gt B SRS TS PR, aver age

mol ecul ar wei ghﬂm@eﬂ me&ﬁ)@wttmaﬂa@ct&an@paﬁ&bvméxﬁbondulig SiiEn @edhodidomiat S of the
present inventi

havi ng a nunbé?gﬁb@#ﬁ ghgggéapﬁfﬁwgrﬁﬁgg%FO%bﬁgg%%i35%%g§68fegﬁ% H?Lgle.
[0062] | n somgnenipding®ids: 9 pbﬂ?&epdsxes%ﬁmtnahwmfolms khenghingper my be
crosslinked. In sone aspects of_ these enbodi nents, the cross]inking may be
br ought about apgfage 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.

[0062] 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 crosslinked using a crosslinking agent including, for example, a silane,



reactions at functional groups chem cally bonded, alternatively covalently
bonded, to the backbone of the binder. In sone aspects of these

enbodi ments, the crosslinking may occur through non-coval ent bonding. In
sone aspects of these enbodinents, the finder nmay be crosslinked using a
crosslinking agent including, for exanple, a silane, 14 an ethylenically
unsaturated resin, an am noplast resin, a phenolic, a phenol- forml dehyde
resin, an epoxyethﬂeﬂca@mmieom@m bxeamﬁpla{te&ﬁsaphﬁoﬁ@mhamwdi ments of the
pr esent inven%lon e electric f| mrahl e fil m conposition

conprises a crygé r‘if;f"h@’éﬁ‘foxy1ar‘i‘ WB‘E‘Q%%é CEO5f  these enbodi ments, the

el ectric fi el goopsperameRhibediehoE O PRSH: irvontta e eBesic Ge@l to 20 w %
crosslinking agents (based on total solids). |.n _some aspects of these
embodi ment's, PR&AEIRAMS film qamnositioh enmRRIsFEresshniing %g&ﬁtpdg PIMOIPESHYr i ses 0.1
to 15 w % crggsd éﬂ%dﬂﬂer@ga{etefec&ie%%r%}ammk ﬁ%ﬁkbrﬁ?&s1t1oh'&o§19ﬂ§:s@$)@e(3t s of
these enbodinents, the electric pr ogr ammabl | m conposi tion
conprises 0. 5t Wi crastipkiog é&@tﬂ(h@épﬁgﬂ wipd pelxis) dasede sheatvefghessol i ds). In
sonme aspects r apgblse film
conposi tion cg‘frnrgﬁ@grgs iﬁé@@&,yﬁ@)ﬁ ﬁmﬁlta a?r???%‘gdogl éér%{t%srp((ﬁ{ gigédc' on B gt al

sol i ds). [006%%|cms§mkmgeugtmd(bamdtog tothl s'oh@) phmentaSpeWQﬁthemn the electric

field progra e 0, ion conp tiona and/or

aci d generat of Af‘ﬁ t%léléﬂ fiqe gﬁp tsefla BREREY S an@?‘ocpmgﬂmgg %’“ﬁ’é‘ﬁéésroabtcé’r 0

catal yze or phﬂ%ﬁhﬁﬂﬁkﬁ@&@hﬂkwﬂgﬂmmﬁmhM£h®®nﬁﬁmmduﬁmﬁgoﬁﬂﬁkﬂg of the

embodi ment s, HECHOP R 1 LT UPPFBT 5 s AP RO OB R ] odurYon: o
acids (e.g., E@gmmggg&nﬁgah@daﬁmal segrRyene sul fonic acid, p-dodecyl benzene
sul fonic aC|d§? fluorinated_al kyl or aromatic sulfonic aC|ds (e.g., o-
trifluoronmeth %éh&’éﬁ@%ﬁ‘l@@ﬁi%ts aEthg presont fvertionethe elege fipldor o but ane

sul foni ¢ aci dy o PaTddpiofiih QelRBRoSHdRRES, frakiaat t her eof .

I n sone aspec s of t hese %%g |%entéﬂﬂthgaggg%ﬂggﬁg?atorbl%]kgﬂﬁérnal aci d
gener at or sel db¢ adflitianedan had andéramplbid geeraoumey ¢catdlyzelor prepwjecirodsbddnl enone;
benzoin tosyl gﬁ&l t I t and

conbi nati ons ?ﬁ@?gg?a%%%gggne éﬁS%e‘%hgﬁﬁ? 0 a&hﬁg@ ”ﬁéﬂ%gég?qé%%lectrlc
field programaix sspédtd ofi thasopmbodiments, tlorgoid is eslecﬁed(ﬁ‘mm cforjsﬁampte%ramami: gener at or
(based on total,.soli . In ects of these.enbpdi the electric
field prograntaby écalcijdr%?(r‘?%o%(gg‘? g w%ggﬂ,gt}epgegg S‘g?ofmt%“g \fv]f’nE Iz)e?jz "Yener at or
(based on t ot akifen@ dcills;) fluotiRatedilRylas pR6datic Qflfohltesks apadi ments, the el ectric

field programmble film conposition conprises 0.5 to 5 wt % aci d_generat or
(based 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).

[0065] In some embodiments of the present invention, the electron donor(s) are

selected from, for example, anthracene; tetrathiafulvalene;



on total solids). In sone aspects of these enbodinents, the electric field
programabl e fil m conposition conprises 1 to 3 wt% acid generator (based on
total solids). [0065] In sone enbodi nents of the present invention, the

el ectron donor(s) are selected from for exanple, anthracene;
tetrathiafulvalene; Is 4,4 ,5-trinmethyltetrathiaful val ene;

bi s(et hyl enedi t hi o) tetrat hi af ul val ene; 15-pheny|enediam’ne; car bazol e;
substituted carbazole (e.g., N-vinyl carbazole) tetrathi otetracene;

hexanet hyl benzgne mrﬁ&ﬁflt@?ﬁfﬂ%}l\ta%é %Qhﬁ@@lﬁéﬂ ifid t@t{:!ﬁ%mfulvale

hexamet hyl enet efrasel eno ene, roxyqui nol i ne; ﬂenyl azorecor ci nol
and similar ppbenyjensdiaming caphaggls- snbitqumehmly {\g. N\I-vmybbmfheylbbénm di ne;

phenot hi azin etetrg%&ﬁ?eﬁltacén%t l?eq(aﬂ%ﬁﬂ%rl}% @rg%etﬁ'ngl't&‘asd% ﬁ{aYna){énep henot hi azi ne);

pyrene; acenaph ene; acri ocyani ne;
2- am no- I H-| nhdfamtlsleﬂet&m#elemﬂﬂ@ﬂeﬁd BJhedro((ykiuBﬁN)le, phuiyﬁ; aaokacbthoPildCN (e. g

N-vi nyl derivati an i,nat | on th 0066] | n
some errbodl %ﬂnéla’bz?zot & ﬁ"%ﬁ?? ﬁ\yg’rli’[:?yg%Nq\?ﬁb hepy lE:Gt“F d’gﬁﬁ?t ?flL%rr e an
el ectron donogubgetnied phénoehieARs Lo NyingOptittothRzide Phreey; a&dﬂ hyletlet er and in
the clains represented by "el ectron donor derivative-binder™). In sone

aspects of t h%“s‘@meemaﬁly#é‘ﬁ’t@thai%éa”&ee31*‘?‘6)‘%? Uoimidaeds1 éﬂ‘iaﬁ@m&ﬂﬁder is

selected fro AfoUN)egiﬁEmh@d ATSERNE I RCaAMBDOW), JBLARES mleﬁaﬁlaad hydr oxyet hyl
met hacryl ate/ 3-(trimet hoxysilyl ypropyl nethacrylate terpolyner: a

qui nol i n- 8-yl compfepaiigns Yirgel/ 2- hydr oxyet hyl nethacryl ate copol yner: a
9-ant hracene”ﬁﬂ)@&]‘( n sBBE '@f%&}{ﬁ&% éﬁthQ%jQEeﬁi‘?ﬁ%xﬂ%h HBLIPAR A F) GRAGI YTer S a

qui nol i n- 8-yl acry at dr ox

net hacryl at e/ 8egttanidoperhisryaive yhf)nppaibwoumbttowemndpt therpinafter aud iy the clairas

9- ant hracene I t and

conbi nati ons ”Feh%gé%@w%%é%rﬁoﬁog%r@%%édd} nﬁ %" >0 g{sék gltggnt i nventi on,
the el ectron amb@:pmcmé dhe @ercaon deioederaduw—bxnderﬁmeleetedlﬁlphe for example,

Pg?? gLng;FggP {l:le:%el%met y e gcryylggﬁ h)%%xfyétﬂyglr opht hal ocyani ne;

2- (9- di cyanongictiytgnes/satimethbxysilunsesd amyh&rgam}mmhﬁn@mhtnbhhe yl
4- phenyl azo- ben | azo zene 1, 3-diol; benzo|

Y b Sarae e b R oA L PR TEERERG . qut ot | oo,
chl or pr omazi nﬁ»ethfa@t&ia&vzemﬁr&@em&ﬁn&hacrﬁu@lssedm&refqulﬁ&ﬁ]em Coo); fullerene

C70 (e.qg. Buckm nsterfull erene
peryl ene- 3, 4: Dethgcrylaie by praR i m?ﬁl%féylatﬁﬂr(mwwéﬁwﬁ@pyl methacrylate

terpolymer; a 9-anthracenemethyl methacrylate; a quinolin-8-yl methacrylate; and
combinations thereof.

[0067] 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 Cg (e.g., Buckminsterfullerene Cgp); fullerene Cyy (e.g.,
Buckminsterfullerene Crp); 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 selected from fullerene Ceo; fullerene Crq; derivatives thereof; and
combinations thereof.

[0068] In some embodiments of the present invention, the electron acceptor(s) are

selected from, for example, anhydrides, dianhydrides, imides and diimides (e.g.,



2-(3-Nitro-benzilidene)-malononitrile; hexacyanobutadi ene; anhydri des;
derivatives and conbinations thereof. In sone aspects of these enbodi nents,
the electron acceptor(s) are selected fromfullerene Cbo; fullerene C70;
derivatives thereof; and conbinations tfgereof. [0068] In sone enbodinents
of the present invention, the electron acceptor(s) are selected from for
exanpl e, anhydri des, dianhydrides, imdes and diimdes (e.g., 16 phthalic,
especi al |y t hps@alw, ésl@eé}altyah@gem A0Haldges dul tn@nngawﬁﬂﬁhlﬁictdi&hﬁﬁrmehydri de;

napht hal ene-tetr box dlanh A) ;
peryl ene-t et r B4 %Bg%9f$' %ﬂ@%ﬂ ﬁé@fﬁyv benzoqui nones (e.g.,
tetra- hal Ogenﬁér?ﬂnéiféﬂaéa%dkﬁlﬁdl@ﬂﬂlyqﬁﬂé WPaODAS S bendog@ibdea @y nones;

ant hr aqui nones; }%éano conmpounds (e.g., tetrac anoethylene (TCNE)
t et racyanoqui Isaibategsnated ang teERgYpno siarwwes), ﬁflﬁhﬂé’%@ﬁ%uﬁﬂgaWﬁ@ at | east
three nitro grOURSohBodhds (etgeQ@t?a@?émeth?l@ﬂé‘(ﬁ'@%ﬁﬁW@éacy&ﬂdql?i‘n&&ﬂf {h'éﬁ’er enone,

nitrated dlbenzothlophened|OX|de nitrated henylsu fones); pol y-sul fones
(e.g., 1,4-bi Q(@*@hy‘»ﬂ@GNﬂ atyd gopenenedsdpying aﬁbasg@am mtrwgrodln;gel beizenss,

1,3,5-triazi ”%?e?ph h%le es, tr{}lﬁllocfﬁg n&{éd?leréﬁ‘ﬁgg zo&hlg%th{ex\{e%:?ox c{é 139 n% al pha

dlketones (e.qg., anetrione erivatives i nations
t hereof | 0069])helnylsslﬁmm)ep’djy>dulfmm® gofl 4the(pbafr@!semnyil)bmamfl)mologdme electric

field programn bIe nPOSi onprises < 5 WM% or <
0.4 we ot or VIR sty b TEEGEL dafo ety s S dsrivgtes tegDaslilog or < 009
w % or < 0. Oaﬁemhe%;(e ngndéneQ‘lcQ@) wli1Beredegioitives) ad@bamtiationb@sLRer. on t ot al
solids). [0070] In sone enbodlnenés of the pr esent |nvent|on the electric
field prograHiPadl i spie pmbesipeys %ﬁpr@mw%@w qelgtos g < 0.5 w9 or <

0.4 wt% or <;% o@raﬁuﬂ%?@ﬁl&%oﬁp@&% Mhihis@l< FwBoZor e ¥4 woh. ot b 4 with Y8 or < 0. 09
W% or < 0.0/5 w% or < 0.05 wt% el ectron acceptor(s) (based on total

sol i ds). [0079P wWtk: SuFB 28 MsGaPEE 16t onhi | pitdsert 0-Phweht 91on0-0% vWer t he
el ectron donoBﬂéb09QW%eﬂ%¥&lﬁ%&k%%bﬂﬁ&§§&91§&<k re provided in relative

excess. I n sone aspects o enbo he electric field
progr anmmabl e {007 Ia:l@mp@smbwdmew; b1 the preseat mvalthngheclectuoﬁdé nt r ation of

el ectron donor%@% Pe concentration o cL I an, ptor(s). In
a ese e 8111'9_881 1011 CO I‘lSCS ﬁp <f0 gg) ?0 or#

sonme aspects B e 8l ectrrcfi e pTo anna 31'e
conposi tion mDBhw%@ataoasaw%;gh@@Z@@%peﬂioahw%mo@ioebam%rQQEGOEfmer(s)

(elative 16 Uhe, (RSB o0 of Seclion dongrs) 11 sore aspects o
electric fiel §Opl]olﬂrsaxlﬁ'€&lﬂb@ﬂnfnbﬁt§7bf GO PRSIt Inveftioh SeifledBLelb@rdd.dbné®bf hg; or
0.005 to 0.1 or 0.005 to 0.05
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
umol/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 umol/hg; or 10 to 200
wmol/hg; or 10 to 150 umol/hg; or 25 to 125 umol/hg; or 25 to 100 pmol/hg; or 50 to
100 umol/hg. In some aspects of these embodiments, the concentration of the
electron acceptor(s) in the electric field programmable film composition 1s 0.002 to

0.1 pmol/hg; or 0.005 to 0.1 pmol/hg; or 0.005 to 0.05 pmol/hg; or 0.01 to 0.05

umol/hg; and the concentration of the electron donor(s) in the electric field



mol /hg; or 0.01 to 0.05 .tnol/hg; and the concentration of the electron
acceptor(s) in the electric field programmable film conposition is 10 to
300 nmol/hg; or 10 to 200 noUhg; or 10 to 150 inol/hg; or 25 to 125 tnol/ hg;
or 25 to 100 nol/hg; or 50 to 100 lunol/lrg. In some aspects of these
enbodi nents, the concentration of the ectron acceptor(s) in the electric
field programmable film conposition is 0.002 to 0.1 lunol/hg; or 0.005 to
0.1 pnol /hg; or 0.005 to 0.05 Aml/hg; or 0.01 to 0.05 noUhg; and the

concentrati Onp@%raﬁlhﬁbl?a'ff%tcbﬂﬂos@t%% (6o 3006&%%?0?@ kd ﬂ)odlnﬁh/ﬂ Jof 10 to

programmabl e filmconposition is 00 nmol / hg; or

10 to 150 rmI5/0I‘I§“0Vé‘g P25 1 258 ¢} svlh?é to 0 Izsolffts 90%5) P9 Hgolks BE to 100
mol /hg. The fécﬁ $tQWheRer I@g;g&\h&r elf®ro B%dr@f%r%&%ﬁ Q%I @9!29 ik flatRE €l ectron

acceptor(s) inre atlve ss depends on e specl el’'ectron acceptor(s)
and el ectron d@cﬂgrdéw)lduem@e sijeQie Zjeciron mwemoréirbodiélparensiondr(s) heedpr esent

. ti
dor  vat i ves tRaranty By eraerapat oitle bilepS R ATbE by GRBMREMIGRS T Vel y 51. 2
eV. In sone asineteﬂﬁoofmblhes@ o2 dbroatinesiba px}tlhearsﬂboemhlaﬁ'mltgb a®heV, opti mum

| ect I d by i t t
of ‘these embollerrvdy Te e eagtomsr cu Ron BB By dear s inai ™ 007ay I n

sone enbodi nemﬁnm_eledt@npé@pmms ihMieaedd ynts idiatieh patitan HMeome aspkcth S
sel ected from nol ecu| e %qs or deg vatives that exhibit an ionization potenti al
< 8.5 eV, al tdhgsigempsigrents. gt [§ag Ovo ¢lRClionRECeROR e USedf t hese enbodi ment's, the

sel ection of fobes; Iﬁe&mM@I@&Mmhaﬂe%ﬁmeﬂnﬁnltmaféwt%raﬁ%en&(t»é yist's ionization
potential. In sone aspects of these enbodinents, at |east two el ectron

donors are uswéctefommolpenlesrdervabies thas sxlsbipen oigatinnaotsatialiTR &aYi on, t he
total nolar elipelkody danPsy. l‘ﬁ%ﬂﬁ@ Qép"eé’t% bplﬂes%)éﬁx%‘é‘&iﬁleﬁﬁ Qhé @I&hoxf@ﬂ fE el ectron

acceptor concentration by a factor 00; or >
10, 000. [0075<}ptmnsdn®roeMbmd(smﬁnnféueocedtﬂyetsm@@@m p@twéthtlin@nme afpects ot al  nol ar

I I I
Concent rat | ont By ke PAFRR A 89 G GERAR s MR 17000 7" 10 D00,

[ 0076] | n son@oz4ldecbtme ehbddiess ﬁ?rhmpinm%mmmineh«eb@d: tnotan eldatromrdoadromi ¢ or

nol ecul ar concentr t| on is. 1 t ons

al ter nati vel y*°PeTH™ ?}‘@‘Cf‘?é‘f Hﬁgo%lrmo f’ﬁﬁé 8P 8%°)e?t8ﬁ§)nc?rﬁrag%'h%ey %ﬁggfé’{:f’fs— of these
enbodi nents, 1d@ershegtoron,mocapt ayot om ¢ or nol ecul ar concentration is
1014- 1021 (atoms or nol ecul es) /crrB alterpatively 1016- 1019 (atons or

mol ecul es) / cn®07{1dp 7o RBPtipERit oicthrpresegt @xentign t g‘ftoﬁ‘éfnio%? ¢t have an

el ectron af fi fctMo@RHcentration exceeds the total molar electron donor concentration by a
factor of > 10; or > 100; or > 1,000; or > 10,000.
[0076] 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*4~10%' (atoms or molecules)/cm’, alternatively 10'0-
10'? (atoms or molecules)/cm’.
[0077] Note that some molecules or derivatives have an electron affinity and
ionization potential such that they may function as either an electron donor or an
electron acceptor depending on the selection of the other components of the electric
field programmable film composition (e.g., phthalocyanine). Without wishing to be
bound by theory, in comparing molecules or derivatives, the molecules or derivatives
with the lower ionization potential(s) is usually considered to be the electron donor(s),
while those with the higher electron affinity(ies) is considered the electron acceptor(s).
[0078] In some embodiments of the present invention, the electric field

programmable film composition further comprises an optional donor-acceptor



ionization potential such that they may function as either an el ectron donor
or an electron acceptor depending on the selection of the other conponents
of the electric field progranmmable film conposition (e.g., phthal ocyanine).
Wthout wi shing to be bound by theory, g conparing nolecul es or
derivatives, the nolecules or derivatives wth the |ower ionization
potential (s) is usually considered to be the electron donor(s), while those
wth t he( hi) ghQbrggi;:e,ﬁb}fi&ﬂo@fﬁtésﬁ%%dﬁ(é@t‘ﬁ&)prd)}fert}ib@ Bﬁihé@?i[[rﬁ,cfof HanPles G Wolage ]
acceptor(s). n._s enbodi nents .of the present_invention, the
electric fieldgﬁﬁ% Lﬁﬁﬁ@ﬁ?@gf??%W@b&ﬁﬂ????bﬁnFﬂP APFCR BHBFe SBOOdReR!St | ona

donor - accept Oftheldect SO Brogratihable MRRIAHHEStidcoBRindDl0511H8 wRT0BEe § trs of the
film for exanple, the voltage required to set the filmto a given

pol ari zati on. Wit Sohi® Tk pletd 1of toBdeoldhforptippal deror-aceaptor epraple¥.i 1o fi el d
programmabl e fsbljnghébggpgfst'hééegﬂlfbga%ﬂt'snﬁe ge(gﬁc gad gro‘é@a%mﬁﬁe ﬁ’lnﬁco&;’%oé‘itim’("t % or 1
5to on 'ex. In

to 3.5 wt% or 1.5t wt % of the optiona r-acceptor co sone
aspects of thesapestheupptemelsionoceltecomplex séledta! fwmdoamaalplee film

conposi tion qugaiﬁﬁbgq48gk§%g&thﬁag$&%cceppor conp!ex selected from for
exanpl e, tetrathrarulval ene-<tetracyanoqui nodi net hane;

hexanmet hyl enethetanatiyiabigtrsthlabiredent etetragyanopodinetiangt hane; to

trasel enaf ul val ene- -t et r acyanoqui nodi net hane;
hexanet hyl enet@t? ?@ﬁgﬁﬁ?ﬁr%5?%@89¥¥%iﬂ%§§?3ﬁoquinodinethane;

met hyl car baz olhexanic@iylchei¢anRiuifiRaieh® it Ginoquinodimethane;
tetranet hyl t etrasel enof ul val ene- -t et racyanoqui nodi net hane;
f err ocene- - t eteBlcRHIGIPrisERGYA A9 Hedimettiang: at hi ot et r acene,

tetranet hyl - pT&ﬂ%ﬂyﬁ&@a@él@ﬁgfﬂ@al6193[—tetr_acyanoquinodimethane; ]
hexanet hyl benzene) - -t et racyanoqui nodi net hane; (tetrathi af ul val ene,

hexanet hyl enetferqcaneriteifagyapafwinedimethancadettagnetfizdcond, ene,

hexamnet hyl ene el - h B o i
Lotranet hyt et aupELERRi 1A R, @herumertylenzcne . sotpeyqupuingdingtianey
branched); (t(etrathbhilotiekslesenaghyltetatathitfiiydlenp; phestidnefubdieasi ne, or

hexanethylben%%qﬁﬁﬁ1ygg%ﬂ&gﬁ%%%kgkherene Coo; (tetrathiotetracene,

tetranethyl-p-pﬁeny ehediam ne, or %§§anethylbenzene)--BuckninsterfuIIerene
C70; ('t et r at hétoinethyltetendendfetyilami+ Nyl kyfraba eng(Cedeg iiagir nebramshed);
hexanethylben%eng%:-tetrq;ﬁ?nogﬁnzene; %%girathiotetracene,

t et r amet hyl - prGHERPFSREEF ety lp-eRAeRs APz ene) - - t et r acyanoet hyl ene:

(tetrathi ot et negRRehylbeakdnd) UMt FRIHANE HetRthdeutrabine,

hexanet hyl benzene) - -p-chl orani | ; and conbi nati ons_ thereof.
tetramethyl-p-phenylenediamine, or hexamethylbenzene)--Buckminsterfullerene Cry;
(tetrathiotetracene, tetramethyl-p-phenylenediamine, or
hexamethylbenzene)--tetracyanobenzene; (tetrathiotetracene,
tetramethyl-p-phenylenediamine, or hexamethylbenzene)--tetracyanoethylene;
(tetrathiotetracene, tetramethyl-p-phenylenediamine, or
hexamethylbenzene)--p-chloranil; and combinations thereof.
[0079] In some embodiments of the present invention, an electron donor and an
electron acceptor are provided as a donor-acceptor complex or form a donor-acceptor
complex in-situ when added to a binder. In some aspects of these embodiments, the
extent to which electron donors and electron acceptors form donor-acceptor
complexes in-situ depends on the law of mass action. In some aspects of these
embodiments, the donor-acceptor complexes disproportionate in-sifu when added to a
binder, resulting in non-ionized electron donors and electron acceptors.

[0080] In some embodiments of the present invention, the electric field .

programmable film composition optionally contains processing agents including, for



[0079] In sone enbodi ments of the present invention, an electron donor and
an electron acceptor are provided as a donor-acceptor conplex or forma
donor-acceptor conplex in-situ when added to a binder. In sone aspects of
t hese enbodi nents, the extent to which electron donors and el ectron
acceptors form donor-acceptor conplexes jjn-situ depends on the | aw of mass
action. In sone aspects of these enbodinents, the donor-acceptor conpl exes
di sproportionate in-situ when added to a binder, resulting in non-ionized

el ectron donokgan@flél seHASdnD MoRCERM:Absnts, hQLRA ork,ink QRRaRRRGIAENt s of the
present invention, the electric fiel programabl e fil m conposition

optional |y conthiliagssntosaeniigillageanddibericl uding, for 19 exanpl e,

surfactants, nmisd] TR &88c ALE PioEranRdb®l BHALAHE madithétuRY bl aRhSety birer nal
stabilizers, anti-ozonants, fillers and fibers. e electric field

1] . T
programmabl e PR Bethpdsn Fraemplsd e Method; wxsjecHic fiddpoeimiehlel met hods.

For exanpl e, igfn QB&poBidAQH thePlesthiGinfehlih i Eloditd R RBTBRL erpe fabpdBi&OMPOSI i on
of the present Invention is deposited on a substrate. The deposited film

conposi tion i $ilmisempetiticads tenlfned apdioe curedtoffommnibe lskscek detdrriregrimmple _
programmabl e _ dii| f o B ARGADE A BLARTsS NS BLEEH fuldobh dRtoarammDl e 11 m
conposi tion conprises an opt’ional solvent. e el ectri e tTie rogr anmabl e
filmis then easptidnabwivehe Thelelectrik ifieldfpredrainpridg ikmsethdrecastdmpothet | on as t he
solvent is evaporated. Sone thods .for casting.the filmjnclud for
oxanpl e, api  ROSEIT G PR RS Ay o e BE okt eread] G HrBodoat i no.
bl ade coati ng fandstigalic flapintloge, fdrRxansié,Rfih comingOshrayt Joetig, eleétidsaatic f i el d
programmable film iqs}aman.uf abgt ured, by processes .incl uding, for exanple,

f

i nj ecti on nol 4PHEE VRELATRS %Cﬂ?jsngﬁfl@wmm%?a%% o€ f§FHF ng, and

printing procegrgtodSnable fiKiShanu@lcisltby prédea@l iRudmg! ReBkanpRd gravure).
[ 0082] Substrates suitable for use with the present invention include, for

exanmpl e, seniRjeignsoldieg. yapyny faraag, oy moldingpeemurpssioagipldipg. épd) and
conducti ng substf by B it and AR hum chrom um
manganese, ir %ﬁhﬁ%[oxggﬁetgﬁs gﬁ'%klg%, ’%%g@t?élloiﬁ%?{’naﬂér c'onﬁaz'm ni obi um

mol ybdenum r (@82 hBubstratehodiablmforpa¢ withl thgmpreseiitlinvgntion inelddd, fomexdragflei um
tantal um tungst rheni ] U b LA -di tin . reury, tin,
germani um | egg,m%gl}ld Cgrf %‘ﬁsrsga%ﬁ%o@pf . flkgésn(t)wrraefe'gin%g P@ﬁ%lggougsqa}% (g'g'r’ esent

i nvention, at alwdasimaheiwh, iahaelinsnrdtondtne, madahdse, imneatbrit,midkelk babppr, ogr ammabl e

(1T s Pattorned, L0003] SR ERRUIEILS, o BrSagRylavent Ton. he

enbodi nent's, tch@nidi, haakin, GRRKSE, YidgSteh, Shenium, osmium, iridium, platinum, gold
mercury, tin, germanium, lead, and alloys thereof). In some embodiments of the
present invention, at least one of the substrate and the electric field programmable
film 1s patterned.
[0083] In some embodiments of the present invention, the at least one stylus is a
voltage biased stylus. In some aspects of these embodiments, the at least one stylus is
a voltage biased atomic force microscopy probe.
[0084] In some embodiments of the present invention, the at least one stylus has
associated electronics and structure to facilitate writing information to the electric
field programmable film and reading information written to the electric field
programmable film. In some aspects of these embodiments, the associated electronics
and structure employ existing tools and processes commontly used in the
semiconductor and solid state sensor industries. In some aspects of these
embodiments, the associated electronics and structure comprise read/write head
electronics circuitry like that used in the practice of Scanning Tunneling Microscopy

(STM) and Atomic Force Microscopy (AFM).



a voltage biased atom c force m croscopy probe. [0084] In sone enbodi nents
of the present invention, the at |east one stylus has associated

el ectronics and structure to facilitate witing information to the electric
field programmable filmand reading information witten to the electric
field progranmable film In sone aspegts of these enbodi nents, the

associ ated electronics and structure enploy existing tools and processes
commonly used in the sem conductor and solid state sensor industries. In
sone aspect $00386] Inesre embotiodhteefiths preksére irnvestan] &t edlest eatstydns cs and structure
conprise read/wite heﬁd elec}rqnics circuitry like that used in the
practice of “EBBHSG AYoFLAET™hE W'kr oscopy (STM and Atomic Force M croscopy
(AFM . I20 [6U88Pin somezaBdigikhe df he PreSerd invetonpthe a€1BAst biveylhd ion, the at | east
one stylus

conprises at |east_one array of styli. [Q086] In sone
enbodi Ment s A BOYPIEEHES § AL PoRE lp¢tec gﬁldw@ggafme%ge Iy 10SOPe | ateral ly
novabl e acr @§sc obtEdedndodimehREhEhBEdst bife shil®liSlmBY AW R6HRRE Behblyn | N some
aspects of these enbodi nents, the at |east one stylus is novabl'e from one

nmenory | ocicpien tp anethesmmastorydogeion 1 Beglectis field rrpgramable film. £ el d

pr ogr anmabl i : L : I ntion,
there is pr MgZLg’] Sgin%eﬁ)lc))(gtn?g? 8{’@? gﬁﬂgkﬁé}%ﬁlh@%ﬁeﬁﬁfﬂa?ﬁ@%ﬁ)@% evi ce,
conpri si ng: strioy inderngtien merToenyory devies cormprasing: providingg merhay waticonnd,o t he
menory devi ce,. wherein t i nformation i,s engcod wi.th.at | eas WO

ol ar 1 2at 1 oftehiabirvaset int B TRl eR RS P Mo e FERE ol Wher e
the pol ari ratites polagaition dagnipdevindat Radt itws polehatnedirdcoonsewhaeinnig:

i nformation and the gx(F)lIHl%ri zat.ion_directiaqn rovide a second channel for

s
encodi ng i nPORHELLBAE EOrRvidea fEst tharpr! IonsaedingBoaronRd thehe i nf or mat i on

is witten pelatingioNenBi¥ndRYViEEa bddondihaskicd fod kfcol RipIbrmatidnSHBmAsSpect s of
t hese enbodi nents, the information witten to the polarization direction

channel is &SpSEisphihpeambgdigiepisy themfsmatiemis siten ialfs BIGEOR| dsige Iy track. | n

some aspect guffrathd eSieha MRQHMEBRESs of HEseletbOditR bl Ahe WEdrnh8sh WRidnte
pol ari zation direction channel is systematically altered between adjacent

mermory | oc#rireksizaionsifegionchyoel i pysamcallyiiered fasfmanpay locatimss diorent s, t he

i nformation,i [ L i Zak [ : O | such that the
pol ari zat i oﬁluafkr'gétslg%ﬁ%gf & g‘?ﬁ?gg}r?? 5‘?%@%3?3“? %E%rlﬁ?%dﬁl%@gﬁgﬁg track differ by
46 to 134. polagoiten degsdion shapfiel it dyetsmagelip diterethbetwednhadjacent orematy on is witten

to the pol aidatlon dhies! il GhANBSL or BUERLOAL LG, PREARIAGLLON direction
of adj acent nenory PBeations “al'ofg a track drrrer by PP Ye9. 1n sone
aspects of whitsetothbdpslanmtidsdirdctien ¢hahume suchition tHepolakizdtioarlire@ion of

adjacent memory locations along a track differ by 46 to 134°. In some aspects of

these embodiments, the information is written to the polarization direction channel

such that the polarization direction of adjacent memory locations along a track differ

by 91 to 269°. In some aspects of these embodiments, the information is written to

the polarization direction channel such that the polarization direction of adjacent

memory locations along a track differ by 135 to 222°. In some aspects of these

embodiments, the information is written to the polarization direction channel such that

the polarization direction of adjacent memory locations along a track differ by 170 to

190°. In some aspects of these embodiments,v the information is written to the

polarization direction channel such that the polarization direction of adjacent memory

locations along a track differ by 175 to 185°. In some aspects of these embodiments,

the information is written to the polarization direction channel such that the

polarization direction of adjacent memory locations along a track differ by 180°.

[0088] In some embodiments of the present invention, there is provided a method for

storing information in a memory device, comprising: providing a memory device; and,



t he polarization direction channel such that the polarization direction of
adj acent nenory locations along a track differ by 135 to 222. In sone
aspects of these enbodinents, the information is witten to the

pol ari zation direction channel such that, the polarization direction of
adj acent nmenory | ocations along a track differ by 170 to 190. In sone
aspects of these enbodinents, the information is witten to the

pol ari zation erftiﬂF bl fOrhaGiBR RS mEMEH debiRE; Wik iPHk MbARtibA R HlbsdRE Wihnt Of
adj acent nmenory ocations al ongﬂa track differ by 175 to 185. In sone

aspects of th&2g WRHBANFANSE Hagnifudes andrableatity @ Rolpelalipn gifesHonsy Wheisin the

pol ari zati on dihaasdioR haghaBelrosle R fitdalanhdl for AR iZ fAkhAbnGing @t | on of
adj acent nenory |ocations along a track differ by 180. [0088] In sone
enbodi ment s oPClerieation dseations prowde ¢ sasond ¢haprel fog epgodipgdelgrmaatiop: Fownfeor
storing infor ' | [ : 1. ST A L igTor Yy
devi ce; and, g%% b%;ﬁ@%@%ﬁg@%ﬁ@%h&%ag e %%%Dt?% ‘ eli/a?l%ét?dn\r}ﬂ%g?él n the

i nfor mati on i shanelosiexstemiati¢nllataltertd fos tmemany locdtans dang omadka dmsdmedssectnd  at
| east two pol achzald 0 BCHE ASinARELl, LD oRolAFd ARl AN TRARLS udes
provide a firs E?“‘rlanngf1 or’ encoding I AFOY et T on afd the gnpo arization
di rections pr dwystematicably alndedcieamtealadfacint emodi logitibind et trasck. | n sone

aspects of th odinments, the.information.wjitten to .the pol arization
mmon tude.  chiel T EPb et 1) PRSTRIBATIA taBey e PBRECA! ong. a
track. |n sonmepas@sefisid padgrivhasee gipodi nents, the information witten to the

pol ari zati on nmagnitude channel is systenatical I%B%I_t ered between adj acent
menory | ocat i 680hIGRECEMbPEEENS PHBBTICSTH InvERone 5 AT PretLed detiadobr esent
invention, theoRRYREMmAGN, eEmSRMmRY: bl%%ﬁlingaéﬂ_e?éc%tﬁel&pri)%c@ﬂn%a%%%gﬂﬁg| e film
[0090] In sone enbodiments of the present invention, there is provided a

met hod of st 8temiyriaerfagd wdbpiton surdasppnid sviidne plosvativnrie theslesinsdield ¢ fiel d

programuabl e f] nnﬁ‘%ﬁh . : iting
i nformation tgwt‘(_;t?e e e@ﬁ%#ﬁ@f%%ﬁ%& g%égﬁogsq ?1% ?l%‘ﬁgﬁglg%ﬁﬁ%gggﬂ%i te
vol t age acr osdilm fimmethe wiprsidackitethd bpitoy sufave bding atfleastnant styinst Whertiophesur f ace to

the bottom surfgce usi mguc%gal eas st erei.n vol t age

t. one us: . W i he i
i nduces an enduri ‘Floéta%eonal N0 pof"é% fl%rréatnll é%po dqz\#?oﬁ’ \f"}%n Qﬁeee%:etcﬁcﬁeﬁ el d
progr anmabl e pidgfammattk finh) @nd iwheteliethe hif@fiadén RBnéddedwithdeldasaivid at | east two
ni tudes and at | east two pol arizati.on djrectjons; wherein

pol ari zati on ma]g é ]

the polarizafP H-atap Mgy ees 2l:ﬁdé‘\t/ eﬂ% o P‘i’l Lzt Fﬁ‘f@?ﬂsﬂg SRS ng

i nformation apdiatiRfion ARALMEIAEAELARe 8 KiFLERanA ForRhddiEnfrHacANed akannel for
encodi ng information. I n sone aspects of these enbodi nents, the information

is witten toPplEzatioadieqtiens prayide a prcerst evmehfas epsodingiiMoguAtigRaintog™f or mat . | n
some aspects Qgpegtla %isﬁxeémgﬁi%ﬂ{s,sthe §f#mation is written to the electric field

programmable film in quadrature format. In some aspects of these embodiments, the

information written to the polarization direction channel is systematically altered for
memory locations along a track. In some aspects of these embodiments, the
information written to the polarization direction channel is systematically altered
between adjacent memory locations along a track. In some aspects of these
embodiments, information is written to the polarization direction channel such that the
polarization direction of adjacent memory locations along a track differ by 46 to 134°.
In some aspects of these embodiments, the information is written to the polarization
direction channel such that the polarization direction of adjacent memory locations
along a track differ by 91 to 269°. In some aspects of these embodiments,
information is written to the polarization direction channel such that the polarization
direction of adjacent memory locations along a track differ by 135 to 222°. In some

aspects of these embodiments, information is written to the polarization direction



information witten to the polarization direction channel is systematically
altered for nenory locations along a track. In sone aspects of these
enbodi ments, the information witten to the polarization direction channel
is systematically altered between adjagent nmenory | ocations along a track.
In sone aspects of these enbodinments, information is witten to the

pol ari zation direction channel such that the polarization direction of

adj acent nenehynnebmah ilantke pblarigtian titatkn of ddfaeent iImenbby tooatbddalong m sone

aspects of these,. dinents., the information is w.itten to the.polarization
G Pect i on chiREATELEh! DALY nd Suheiped frofoa PRatPeie oM BE she menory
| ocations alvafi@nao the 6kirightibh @lredtiyn 9anhel se@hatlthe sirRatGEERtGo0df t hese

enbodi ments, information is witten to.the polarization direction channel
such that th&dBeIEPIERany lgrtiops %1%1&&4%%iéffg%gyéémlgﬁgnfmm%@aftﬁ 8hs al ong a

track differ gage d3BodiferdsZnfoinihtd %ﬁt&%ﬁ@%?pﬁﬁz&tﬁﬁ%ﬁe&ﬁﬁQﬂirﬁf@lrhhéh
information is witten to the polarization direction 22 channel such that

t he pol ari zatthadthegiolagigationdlitggtiondf adiasent mehery Jodabenstalng s ErloAgfenby t r ack
differ by 17Qgho 190. In some aspects of these enbodinments, infornmation is
witten to the polarization direction channel such that the polarization
direction of [0@]] &ceemte embwdimentsef gtei pogssntahvgnigoma thereais krogided emethpd 75 t o 185.
In sonme aspects. of . these e L ment s.. 1 nf t4 i i t.0 1 he

ol ar 1 7at s on ATPRATBREaRSERETLEBR Rkt CRERATE plbal skl B g o

adj acent nenartyp hwxed ardrashoatbmrsgriace! aralc kritng féormbyon th 8. eldc@Aield 1 n sone

enbodi nents of the present inyention, there is provide nmet hod of storing
I or 1 on, PEAFIPTETIRG by SRR RG “Hie g eross Pl ol preTt 1
having a tofilsufdnate tadrfaceo tHetimtiom lsfudee usiag g, leadf ddel shdus; wWheeimkd on to the
electric field. progra ble film applying a wite voltage ross the
electric fi el‘ﬂ‘tﬁpﬂb‘%ﬁ {51 én e‘f“}“lr‘_ﬁgB%B?]‘BPﬁé‘?lfrgzﬁ“%‘h}”fﬂéleé}_‘et%“f‘?‘feﬁag‘gt tom surface
using at | eagho®aiBmeBly filhg and@iedim the MigformMiibh & edded88hianRbE 85 an enduring
domai n of polarization within the electric field programmble film and,

wher ei n t he iPRIABEHOPITAENIICR ARAGH &3St e Rolatizatien diredliges: “Heclrhe at i on

magni tudes angdiabatofdsdniis PRLAE b 3Rk LRI AGERSnfMRSHE dhdtdle ,

pol ari zation ‘magni tudes provide a first channel for encoding information and
the pol ari zaclagatyindagettioonpropide vischend clund fieh eopraimpsinfoppationn doetinmey

i nformation. ggﬁ falkb o t ' mation is
witten to tﬁils gﬁg)gﬁjrelsc :%g]tﬁ “?Spﬁhtég'ﬁ‘%m“ég?gq*%ﬁﬁ‘?ﬂwﬁgg rcg-{eﬁ e format. In
sone aspect s podgraruastde Shibodjuadmtuss fotrha. Ini soheraspdctsof thesd ¢rblenirhantd, e

pol a1 2o o RSBl SRS IS Sl LB TR
memory locations along a track. In some aspects of these embodiments, the
information written to the polarization magnitude channel is systematically altered
between adjacent memory locations along a track.
[0092] In some embodiments of the present invention, there is provided a method of
storing information, comprising: providing an electric field programmable film having
a top surface and a bottom surface; and, writing information to the electric field
programmable film by applying a write voltage across the electric field programmable
film from the top surface to the bottom surface using at least one stylus; wherein the
write voltage induces an enduring domain of polarization within the electric field
programmable film; and, wherein the information is encoded with at least two
polarization magnitudes and at least two polarization directions; wherein the
polarization magnitudes provide a first channel for encoding informatton and the
polarization directions provide a second channel for encoding information. In some

aspects of these embodiments, the method further comprises reading the information



information witten to the polarization nmagnitude channel is systematically
altered between adjacent nenory |ocations along a track. [0092] In sone
enbodi ments of the present invention, there is provided a nethod of storing
information, conprising: providing an electric field programmable film
having a top surface and a bottom surf a ? and, witing information to the
electric field progranmmable filmby applying a wite voltage across the
electric field progranmable filmfromthe top surface to the bottom surface

using at | eastyrigBeothy/éibiic e pRIghnini®le Mk, WBeréR balg thofdGRst@n enduring
domai n of polarization within the electric field. programmble film and,

wherei n the i FITBRTHAT 458551NS the deseiensa Vipltage Bipsed &S 1 Rox Iy i) with thg elegirc

magni t udes anﬁelatprdg%%améﬂ@mp%%ﬂns Ape @8 ofthEL ClribOM Srent VR Bich ist B ived
pol ari zati on nmagni tudes provid first channel for encoding infornmation and

the pol ari zaintonmdpriede Pmdlvﬁbﬁm de semeaspesiiofdhesa ﬁ@P(’ffl@ﬁméﬁbﬁ)ﬂmg
I nf or ma.t I on. J?lu? %r[ﬁed f?) %an&ig%ﬁ%aﬁr}?)t eih@%i%& ﬁte@ﬁar r ! Cgl?l ngher

conprises reading t orna Ion n

pr ogr ammabl e i dome evﬂbedlmentsrchﬁfdlemg;tyﬂﬂme usefl ar watidotn to ewhvpad mfrdettl@cti ng the
force on a voltqﬁ?efql ased stg % n proximty with the electric field

pr ogr ammabl e Pieg U fild PLogHmy; of these enbodinents the force is

resol ved i nt (00&3)N@aG6int Hﬂﬁodimdntaoﬂhé petdnOver tidnSthere i paaddsa méthbdis e
enbodi nents, the sane ylus is u?ﬁﬁ to vvriﬁt‘Pz gata to and read data from

the electric ftP’é’P&j‘nBWB@ﬁ‘“é’rfﬂﬁBFléC‘f‘F PrqgrREBRRie BinhSTSretOPIISHRY f er ent sty

are used to ﬂobﬁn@aats@bgtﬁteap@vrda%danmﬁlcfﬂemrsgﬁmﬁb@tﬁlhﬁthsvﬁ%g £l
programable film T0093] In sone enbodi ment's of present invention,

there is proviuige sndrchofom sugpce. whespip by hOﬁP@rSH’é%qeoﬁelerﬁﬂ@HYéP%qdrtP éef i el d
programmbl e Edbwat@'%e&%b hegg%k%%ﬂ%m AhAYdERY ﬁrﬁp§5x{eg>trﬁ1060r ovi di ng an

electric field progranna Il m ha g a top surface an ttom surface,
wher ei n t he bpertioms wherkiacech poriadnemiespoads ty amplrxewcatwnt 1brev1dmgtasleusat e,

wherein the elec ic fi.eld.brogr n1co rlse nor e
portions, whefei tr‘?'hésa(‘:vrrlltn f?%nr? 8%%%6%836 mtegoﬁ' canB g)é{ P8 BR™%r ovi di ng
at | east onevdltagt U&Wewﬂlé stpis amd the sEbkirafattthe aueakﬁms&nea{wy Iveadidny | ocati on by

applying a wi et ween the styl and the substrate at the at

| east one mnﬁ’?‘?eﬂnégea‘f’f"gﬁ of ‘ﬁéfsnanteﬂé %@%@@ami’ﬂ‘@%ﬁﬁa §eBe e enduri ng
domai n of pol akttAatite @rdgiratdmblé Hen arfdl Aetdin the ﬁxif@xhﬁhuﬁﬁ QO3S RYM at ichgn and
wherein the |nfornat|on is encoded with at | east pol ari zation

magni t udes an8'eRCTEAL PHBI PGS AP %tdf%womo}a@é%tw@ﬁérectma affh sihgter thie

pol ari zati on P&%aﬁé‘ﬁjﬁﬁ REQ¥ H6vide { fifsBiha RN @hedifiy 1%&9&1‘!09 @nd fiEOr mati on and
the polarization dlrec i ons provide a second channel for encoding
i nf ormati on. polarization directions provide a second channel for encoding information.

[0094] In some embodiments of the present invention, there is provided 2 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 encoded with at least two polarization magnitudes and at
least two polarization directions; and wherein the polarization magnitudes provide a
first channel for encoding information and the polarization directions provide a
second channel for encoding information. In some aspects of these embodiments, the
information written to the polarization direction channel is systematically altered for
memory locations along a track. In some aspects of these embodiments, the
information written to the polarization magnitude channel is systematically altered for
memory locations along a track. In some aspects of these embodiments, the
information written to the polarization direction channel is systematically altered

between adjacent memory locations along a track. In some aspects of these



[0094] In sone enbodi nents of the present invention, there is provided a
menory device, conprising: an electric field programmable film wherein the
electric field programmable filmconprises a multiplicity of individual
mapped portions corresponding to a nultj;plicity of individual nmenory

| ocations; wherein the nenory device contains information encoded wth at

| east two pol ari zati on magni tudes and at |east two pol arization directions;

and wherein t Beosdinehth 2R infRAmARGN/AtEIRS tHe peMtieRiod maghihfk cBMasne! for
encoding information and the polarjzation directions provide a second

channel for efttmatigelyrisrerRese adisrerignEncgy featis glong AEaK enbodi nent's, the

i nformation Widdob £ dofhelelBoBBleRE bZAE pRBer ifvBftidnOMe GRABA: stetingy St emati cal |y
altered for nenory locations along a track. In sonme aspects of these

enbodi nent s, t#rHermatiph traveeldcaiy figld progammeble idm dwther forapriserrepditghi t ude channel
. et _ _ .
IS systemallC ﬂlf&ﬁ%aﬁh% ﬁ%ﬁ@h foQfe el%%ntﬁé{n? g@%é'iﬂn%ﬁe 019 séind z{s?%és %ﬂg%sé ome

aspects of these e Iments, t tiron witten to ari zation
di recti on chaembédiingnts yeadaganiovadtion valtter tetic eloetindeld pajracesltle fiemor y

| ocations along a.track.. I n _sone. aspect.s of these 2 epbodi ments, the

nfor mat; on veregit Rt BeSRIRBERE S e dime GRS SRR S et cal 1y
al tered bet weelectaddjasic potentink wheryaddemssihg pfematydngutian.t Inasdlae afid08 5] these sone

enbodi nents of th resent i.nvention,.the thod f.or, storin ppformation in
an el ectric fF@Eﬁﬂ?‘&@fﬁﬁﬁf?&ﬁ?éﬂ?ﬂO&W? FRathe elsepf f‘%lgé’“?géaé’aﬁ‘%ée hF‘?‘\f ormation
written to theofpies ddi€tihi Hedirpstida o Mgty dphittdan d fyleoheseaspact s of these
enbodi nents, reading information witten to the electric field_ programabl e
film conpris&€ctErstaie Potppfial Waehadgrrstingiamemoy leeptice nspmepansclsff thesst yi us

bi ased at an @&b&hMERS kedir RO ¥ ritkh B iha S SLRGrérABARIY filnpcation. In
sone aspects of these enbodinments, reading information witten to the

electric fiel EOPPsgH daivrabe themagnitde i p fareeanddbn dtectionpfithes ik wmerteh of a
force inpart egn QQtyfhs %§a¥éd{‘§ aQ El@(?tﬁgtaa%g&&tiaﬂvﬁ& Jd?&%ﬂ%%%mgrgﬁﬁggéaﬁl)n.men

addressing a nenory location. In so aspects o di ments, reading
i nf or mati on wesém¢ spedtoofithese enbedimews, ftlhieaitdugys 6 i ammbniyh ¢hef sutfmge af tirepr i ses
detecting the ni-tude of a force and the direction of that  f e inparted
on & stylus b aga ot o Bae By RCrlfe R rRbR dn ettt f5 G mrory

| ocation. | n esbodmaspeld sylodistlesen forboldi suefadesof theledecaicyfidd i1s 0-50 nm from

t he surface of the ectric field progranmable film n readin
I ormat ror © Proeta Pl pEer it 1 ST AR RSC HABET 06 84550 ot

fromthe surfacei@imida @t ottt of th Sbdric REIOPFaarARIALE: filn Whéme:mixﬁ%élﬂi ng. In
sone aspects of these enbodinents, the stylus is 5-20 nmfromthe surface

of the el ect rPem§ dsercds ¢frtbrye aivhediments.ithantxiiein Srldam g therpurface of the

electric field programmable film when reading. ,

[0096] 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, wherein the at least one
stylus is a voltage biased stylus and wherein reading the information comprises
detecting a magnitude of force imparted on a voltage biased stylus when addressing a
memory location. In some aspects of these embodiments, reading information written
to the electric field programmable film comprises detecting the direction of a force
imparted on a stylus biased at an electrostatic potential when addressing a memory
location. In some aspects of these embodiments, reading information written to the
electric field programmable film comprises detecting the magnitude of a force and the
direction of that force imparted on a stylus biased at an electrostatic potential when
addressing a memory location. In some aspects of these embodiments, a destructive

read is used. That is, when the information is read from the electric field



sone aspects of these enbodinents, the stylus is 8-15 nmfromthe surface of
the electric field progranmable fil mwhen reading. [0096] In sone

enbodi ments of the present invention, the method for storing information in
an electric field programuable filmfurther conprises reading information
witten to the electric field progranmable film wherein the at |east one
stylus is a voltage biased stylus and wherein reading the information
conprises deheplinighife AROME hoidea8bn HOHE BiemBRAbLEENOD paRld RUsstlas ed
stylus when addressing a_ nmenory | ocation. In sone aspects of theSe

enbodi nent s, fiadhgigiamatinnsiats ‘b(vﬁhwpmeréfrlocapmfﬁléowg&{ermfemt@n &adr ogr ammabl e
{11 m Conpri Sesdehlabt bhtesclali R4 Rpreead ihBikfion {ARR! &R RoS by | US

bi ased at an eléctrostatic potential when addressing a menor l'ocation. In
some aspects ¢fesq ¢rebpndinegrito thedeyiesis rfr-e/aaem@)llmﬁnartm%@namm rm%fn 1¢t91¢ he

I ic fiel i i.ses. . d i i tud f
electr ¢ 1 ol hkSE AL W BHETRLL SR8 6l k0g. L ey ude of @

on a stylus biased at an
el ect r ost at i c eppbedimeits|thevudtage taked etyBis igopgratedno tnntlogabedervr chmacs arde.aspect s

of these enbodj s, a dest.ructi read.i s used. That .is, when the

Pt ormac ons DOEDHRprE iBRumERG ol Fr o' f R0 i Cutih Bt pEIR S | m 1 e

pol ari zati on gffornACiofBImIelectrRGRd BBSammapl M fedr edmpiRed egiggd (1.e., the
information state of the nenoe\r/% | ocations followi ng the information read

may no | onger TBEMRERT ¥EEFR BifeaeHre friépsRmmedls iR dp FiRS BReGT ftese In sone
aspects of t bessuiRERO I iRforhdIBn IR € the el%&ﬁmuhtpa%rir%m%ﬂ@ the
information read to restore the device to its pre-read information

condi tion. | noeBprscadyieting themagpibids of & fsertimmeriedsto ashidusphenagdéressingged styl us
i s operated i fehidAneddd ifREgleOic Ex@fa arfiRSSe ﬁInIl.OlQl%gxIne hﬂm?t@'ﬁ?th@&b()d' ment s,
of the present Invention, the nethod for storing information in an electric
field progranmabddmeits,thd magnitede efdhpiorwasmeasantil rya piopdripmm viapmsing 2t t en to
the electric fiel rQQy I idm ln.sone aspects, of these  enbodi nents,
oadi ng i nf or T SonPhRTD ALTR R Sorpkindlusdd! 1 QIR SRR Sl bR e R

conpri ses det eaghinge bhehe fiagis medenraf indirt@rcerent Mpdé dieid 1dok imamplyfiads when

addressing a nory | qcati pn t I ic field programmable film In
some aspects B%E?ﬁ%ieécn%gﬁﬁb@i%ntﬂ?’g%%t ﬁég%m tude of the force is neasured
in a proporti eouek] Waymdsinbaditents Of BE pfadts dbhtiondhe Brogaint VdiRYels (Daiiglg used.

In sonme aspects of these enbodinents, the magnitude of the force is
measur ed in dFRREE SR ik indhsgan ghdurine pelanzatinn wipiniths dectipfolidd as described in

U.S. Patent NerogfndBdidfih, of @9 8Blhahgt BOSRIARDRAAENRAS §f PlarfziGonl@gent

i nvention, the pro?ram voltage is Sa) hi gh  enough either (i) to induce an
enduri ng pol atheziacitisriield pragmmiable &ila é plaee the elpgiric field programmable film into

a different information state, or (iii) to change the enduring direction of polarization

within the electric field programmable film to place the electric field programmable
film into a different information state; or (iv) to change both the enduring magnitude
of polarization and the enduring direction of polarization within the electric field
programmable film to place the electric field programmable film into a different
information state; but (b) below a threshold voltage at which the electric field
programmable film starts to conduct a current.

[0099] In some embodiments of the present invention, information is encoded using
at least two polarization magnitudes and at least two polarization directions. In some
aspects of these embodiments, the polarization magnitudes are used to store user data
and the polarization directions are used to store housekeeping data. In some aspects
of these embodiments, the polarization directions are used to provide device clocking.
[0100] In some embodiments of the present invention, the information written to the

memory device s encoded using at least two polarization magnitudes and at least two



programmable film or (ii) to change the enduring magnitude of polarization
within the electric field progranmable filmto place the electric field
programmable filminto a different information state, or (iii) to change
the enduring direction of polarization wthin the electric field
programmable filmto place the electric field programmable filminto a
different information state; or (iv) to change both the enduring magnitude

of polarizati Qlﬂrl@a fien tR&eRAdUR kit ShEREL Ri3e %b&ﬁﬂné‘r{té ARt doRiMeddhi n the
electric field gwogrammble filmto place the electric field programabl e

filminto a #i2ERBdentre usediiopaistiseiiatt dr eomepspectanf these embadimenieditol d vol t age

at which the &hﬁ&a’%ﬁ GirdchiShshre AW QORRMGath! Mol 1std? afe@nduct a current.
[0099] In sone enbodi nents of the present invention, information is encoded

usi ng at | eambodigentsdhepolaraicmmegmgnies grasedington usepdaia and the pol ari zati on
directions. t o) on
irecti kgaﬁ%ggn dBHEs are QJedEJ‘:gglt% gqugﬂgi ?%%tegmg uhg RPlRf's é[?eus

magni t udes a to store user ofarization directions are
used to storef tﬂnwwibeéipiemg tljap@larizlaﬁom;maglimép@mssedufstmrhds‘éceelmlumjl ments, the

pol ari zati on dl : eedta{a an é tpolanzzﬁlo{lldgealotnvgxrg%se% %)“ﬁ;é{ee user (\f;\fl ?gg‘?{n% 0100] In some

enbodi nent s o? PR 5r°8S I'nven hEC ion o the nmenory
device is ena@ﬂadomesagmbdlhxems,tthé Wsviqedioagei keaih®dutaBglock sigeds.and at | east

two 26 pol a on d|r i ons sone, aspect f thes nbodi nents, the
bonact zar o OHEL i Pa seBifiznR anthd e ia efen: Pudtection pl RUAEARETEC 3 of
these enbodi Qﬁfﬁnﬁmcél%helﬁ@kc&raﬁﬁaéﬂt giRmdiy 166k Hort Lrdd& € th dotheSbc® User data.

In sone aspects of these enbodinents, the palarizatigon nmagnitudes are used
to store useP @%&“’é’ﬁ@mﬁeﬁ@ the,direetipn af Rolanizatiqnd pPRRdo Adiacent BEmey st ore devi ce

house keepi ng,B@d alohd a RNE ARSI 150 269°. TNEHR KPRAAUMERE SmbddiBeR@! ari zati on
magni tudes are used to store device house keeping data and the polarization

directions afhs dirselipntod pelerration senarigdtosadiacent ssmery lnspivns aloeg 2 trarkse
embodi ment s, dgf&?ﬁei% 925043 gorls@gspb&goﬁﬂés@ shBodit B o ARl ol 0101 ] In some

enbodi nment s resent 1 nven Irection of arization is
systemati cal bylaaiattlen aupaftod toaad;aawmemmyrbpa,nomdamg mtn&:kailfiﬁﬂ@yaw tack. In sone

aspects enbodi nent h N f.. pol |on | ted to
2 acent merfy o SN BE Ui ORohER R B oBipr Bt AR R RAL e
aspects of tladgs@nenﬁhﬂohyﬂ@uahms aldnlgatdbkéﬁﬁetbml"/csftop&i"armzme @pedtdgfarted to

adj acent ne tions _ alon ck .differ 35 to 222. In sone
aspects of {Tﬁlﬁg t?f%B’Efi“ﬁ‘eWFéhre g o P‘r?l f‘%‘hm&ﬂ“e‘% PESUEBRY nparted to
adj acent nenwcyudr@@ﬁ,hggﬂﬁcpdlﬁag)yalgm ack differ by 170 to 190. In sone
aspects of these enbodi nents, the direction of 0gol arization inparted to

adj acent memitP2] Beair smbodimenig ohthe PEERt HiveRton. By dfention gf AdgiZalion Some

aspects of systematically altered from a first polarization direction of 75 to 105° (where 90° is
defined as normal to and out of the plane of the memory medium) to a second
polarization direction of 255 to 285° for adjacent memory location along a track. In
some aspects of these embodiments, the first polarization direction is 85 to 95° and the
second polarization direction is 265 to 275°. Without wishing to be bound by theory,
it is believed that the systematic altering of the direction of polarization for adjacent
memory locations along a track facilitates a denser packing of memory locations in a
given device. In addition, the systematic alteration in the polarization direction
between adjacent memory locations along a track can be used to provide device
clocking. This can further increase the usable storage density of a given device by
eliminating the need to use memory locations for the storage of clocking information
to the exclusion of user data. That is, both user data and clocking data can be stored

in each memory location.



t hese enbodi nents, the direction of polarization inparted to adjacent nenory
| ocations along a track differ by 180. [0102] In sone enbodi nents of the
present invention, the direction of polarization is systematically altered
froma first polarization direction of 75 to 105 (where 90 is defined as
normal to and out of the plane of the A&nory nedium to a second

pol ari zation direction of 255 to 285 for adjacent nenory |ocation along a

track. In ects of . these enbodi nents ol.ari zation

i rect i on i SOBIHE SG8F GREPITET SuRORG PR R oRe b BERPERE | & 26 to 275,

W t hout wi shinfo@mbtfontie abeluadc byldtphgwnymabm filnl BefBlyl Vi€ filrthad conlpeis&y St emat i ¢

altering of the directi on pol ari on for .adjacent menory |ocations
Bl ki

along a trackf ceting 4ny eéf‘@sﬁ pregeEmagle flmsgaesitas- ey whish s 3es81G n a  gi ven
device. In agyi plo@RmniddR MMSE eéfweaChﬁdoh@web@@fthesetéaﬁ)oeﬁ{eafsl #ation direction
bet ween adj acent nenory | ocations al on? a track can be used to provide
device cl ocIRFth@P coppprisescsglectingrantedactricfiefdriggrampeblg kb cempesificadeonensi ty of a
given devi copRyyafl Abfiefolladdih:0aRM ArHftidPARNpHREAbMEASa] Of_ L he

st orage of c |ng|n mat{on to the exclusion of user data. That is,

bot h user daﬂlanandormr@cd(arr@emnacqmor yéhestad teast oné nf thaclactrmmniongr dndcat i on. 27
[0103] In so ent i or storing
i nformation tHeelg%q%éllaccep OHSC?I rdmﬁgongtt}% et {1 Wherﬁ%)efomdle%mge further
conpri ses s&h@eltsesragmaier ahelebﬂmmdcfnmedrﬁ apmgﬂrcam?fadsﬂt@, tvhére'ihcfmmmamohl on from

whi ch the el ctrlc rapt ble filmis derjved. one aspects of
these enbodi Bt Erndari ol AEfar e ob B sefeor il SREop: of d
pr ogr anmabl eactégten corrp05| t| on from formul ation A and fornulation B; wherein

formul ation A corrprl ses bi nder, an el ectron donor and an el ectron
acceptor; whé@t@ldp S‘P"é%%l?b‘@%enésfOftt?FePréqe@c‘PY%‘HO’aér\%ert offar steg el ectron

acceptor IS ahemhi€dih ¥n @@&HQ fitid pH'g%arPth@ﬁlm ﬁ'fb?bwd@!ﬁe(fo%{pﬂsﬁlgr m«slvfatﬂgon B
conprlses a binder, an el ectron donor an el ectron acceptor; wherein
formul ati on 2 WbeER aTavidinesaeleckiald msgwn%abke f&m bpwng p topriariae aAa el ect ron
donor and t h@oﬁ%ﬁ%%fﬁ&”wh@r@ﬁ% Mttom[sgﬁf%]ls S8t QS cgﬁﬂ?&i% @i%%ﬁstﬁfe t he present
invention, a method for storing 1nformation |n an electric fiefd

progr ammabl ewhdr¢imtlieslgsrp\fiedibprogremmpblie dilm gomprissy pad ergnore peitibss, whemin provi di ng

an electric h ottom
sur f ace, v\/negraé:fi?h(gjmﬁIE ch%té mpsur’;]%légylkgcwé éBfo?, %dg'% qﬁwaétgo&gftgglg tt"%
substrate, mfoemeation t Iat-:-lezfsltemﬂmcmor&|1®Iadormmpbzmmmefvbltagedaenmem ges one or
nore portion

t t
provi di ng at %YIB%%I}%rtg Sélbgt{ %fé s(s)\ﬁ}ela? rﬂsg(c)nrler I%g anocaglon wherem {h¥ wr1? cation;

voltage induces an enduring polarization within the electric field programmable film;

wherein the information is encoded using at least two polarization magnitudes and at
least two polarization directions; and wherein the polarization magnitudes and the
polarization directions are used as two separate channels for the encoding of
information. In some aspects of these embodiments, the method of encoding using
the two separate channels is quadrature encoding.

[0105] 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.

[0106] 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.



information to at | east one nenory | ocation by applying a wite voltage
between the stylus and the substrate across the at | east one nenory

| ocation; wherein the wite voltage induces an enduring polarization within
the electric field programmable film wherein the information is encoded
using at least two polarization magnitudes and at |east two polarization
directions; and wherein the polarization nmagnitudes and the polarization
directions are used as two_separate channels for the encodi ng of

i nf or mat i on. [§1Q7klrremgspdedimens of the sEsanBygNtinantbs at lesseonsstidd of encodi ng
using the twenseRA ASLcHAAIE hfatdrial. AH G PEQs SN eRBodilPdOThe | N SOME
enbodi nents of the present invention, the substrate is conductive or

sem - conduct PR 19 Radsoha ngeprdugtivefmatgidse enbodi nents, the substrate is
conductive. rdi3gFRBmBIRBdithel of ﬁ@gﬁs&m%@ﬁ%&e id BEviaUPSLERLE folr S

sem - conductive.” [ 0106] In sone enbodinents of the present invention, the at
| east one st ytousg Infumphdrsiasn alectrie fiskd progsarphatde Gmdompiisieg: pedvedingd and a

sem - conduct | terd. ct f-these odi pent s, the stylus
i s made of a'Sl}c{)gtrrl u’é)t? (ISJ&%L%‘% gel??ug‘%)ﬁafl ﬁ%%gag “rrfr?sabges%lglc agmgt% rI%)1?1'(Sejds&eygeeglrﬁsgioadi ments, the
styl us i s nadetoni swafase mheeante bottonesunfateis iekttricdB coppldd ] the substen®e enbodi ment s
of the present invention,_.the at |east.one stylus conprises a .
non-conducti&%mﬁﬁ? ?ﬂgﬁ?dﬁﬂgggﬁﬁmgg 3%@@]%?“Wﬁ§§@e8ﬁﬂ8 RPN WHERRE sty us
is made of aesvbpofidhdokdspyRlsi@d fematy. lodaidRPhodiding arTeaseoleadietiangf t he
present invention, there is provided a nethod for storing information in an
electric fiefiopRbg BN &Nt wrswpryéawﬁmqgr E@vglr&% Pflus gLaPTox KB Pat e

provi di ng anaedeaiblyGntb coratt Mtﬁ%@m@f&efof_{hmeh:amcriﬁ_l@prbgf%nﬁlumfam and a
bottom surface, wherein the bottomsurface is electrically coupled to the
substrate, fprEsseedingte thejmaseary bocption)agd pprdyipaieltase differapce batpypdndtbs one or
Tor € POr {1 0N MRRY i QubsRAEIRRLD [18Roftfte WFRRGRHS b s BRI teld QAT ON:
providing at Feast one stylus; witing information to at |east one nmenory

| ocati on by brhighyinaggh teendsicy truendimingopqiariaiion wighin the elegiricdietdat i vel y i nt o
contact with, t I . .eCt Il | el [ e . film
correspondinBK%%%P%§R#§#5&®%%g§é?#%h gﬁ%l%ﬁ%%@%%ﬁ“@?@%ﬁ?@@ﬁ%%$¥ erence

bet ween t he nmpyiludss andct tichs tsapslanizatien divktoms] mdWieramnitle pglriditioher ence
Creates an electhkc fiehd mﬂich. IS hL%B nough to kﬁduc nﬁﬁ.end ring

pol ari zat i on™RFPAIPH RREeR BREPTAECT MAFHMEF SUPAMABTE TS HORHS S t he
information i peReosiRd ditdtdndprolidas pokitip® lRddtizRthanel forgssdingles and at

| east two polarization directions; and wherein the polarization rmagnitudes
provi de a pofHPTREPRon nagnitude channel for encoding information and the

pol a(rji zat i on [Hiod Pt soRB mBb@MAE ofthP Bleddnt ZREARA, Mk EREHL @BIdChannel  for
encodi ng

programmable film is used as a medium for mass information storage. In one aspect
of this embodiment, the field programmable film has a thickness of 5 to 500 nm; or 10
to 200 nm; or 10 to 100 nm. In some aspects of this embodiment, the film is disposed
on a conducting or semiconducting substrate.

[0110] In some embodiments 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
information is encoded with at least two polarization magnitudes and at least two
polarization directions; and wherein the polarization magnitudes provide a
polarization magnitude channel for encoding information and the polarization
directions provide a polarization direction channel for encoding information. 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



information. [0109] In sone enbodi nents 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 fil m has
a thickness of 5 to 500 nm or 10 to 2 9 nm or 10 to 100 nm In sone
aspects of this enbodinent, the filmis™di sposed on a conducting or

sem conducting substrate. [0110] In sone enbodi nents of the present

i nvention, tm@pﬂogramn%lectﬁﬂlaee mrdﬁabléee\utp«em SRMOIS B BacilRite @4 esiric field
programmble ilm wherein the electric field programable filmconprises a

nul tiplicity @of Wdﬂmga%wﬂﬁwwl‘ﬁélﬂ%oéﬁ@ individyad gY5ERTH Igptions- dnseingi pl i city
of L ndlivi dual o A0S AE: ISHEI bGc: ARTGLIRLR0. BuPBRAgg W 11

| east two pol arization nmagnitu east two polarization directions;
and wherein t¢fety|@mvvh¢r¢mahq any vhghi ey desrapyelisdeizied with te ﬁlpamp(ﬁinldrragni t ude

channel for epn f‘“g%lﬁ%ﬁ Sgc%tt Qn ”dautoﬁ‘gar&;é'a?[efao%%é ?P(Hn t| o(p(s)pr ovi de a

pol ari zati on ary anne enco rma aspects of
t hese enbodi rreﬁﬁomtﬂteeldmmﬂe}dlﬁieymmmafalarﬂhlﬂesmngﬂfmlrﬂayesstﬁt Ilneaat: one stylus.
In sone aspects of these enbodi nts, the at ast. .one sf)l)élﬁgs and t he

I

electric 29 FPEFPINSYIAMMEBILS fioahieateng ebaasq tPEARBPEPErARTdO S one
anot her to fagdcid @i€p@prab@asie fildne of reading and witing of a plurality of

the individu ry locations. In some aspects of these enbodi nts, the
menory devi cio; (e metipfisprddsdicas of uesenavegi PRy B U691 § Varlshietiei n { he
array of styldppRéaBoRiaciadihy B ¥xAS3€ G SnSeindMprdtiubd Sudl 8 ebhpert) @l1d

pr ogr ammabl e fp | msuch that information can be at | east one of (i) witten

to and (ii) Mo psremrkdigtabpssistapis LAY} ot fpdgikesntieBt B4 i | m usi ng the array

of styli. In [%@fﬁ Soﬁé%ﬁﬁ%&nﬁﬁtsbh%%m@éﬂ?%ﬂ%ﬂt@l nBQ%e%lEschS@cﬁh oA iarray of
styli is noveabl e relative to electric field programmable film (0111]

The met hods ath%IfQﬂlerllgégia@tpleﬁhe present i nvention may be used in a variety of

applications including for exagple.. {NpGQRSHIES tQ)rnoducts such as conputers,
cell phones, personal digital ; et top boxes, or the
like. [0112] [8bh Aenbadhmememethfl mﬁmcpdas/émb'dﬂomwml nethaviylakte cmpmlyber descri bed
in detail in |l e 1. Binder ratio [0113]
An 9- anthracebnréckr:elgz'yv SPrePr%?(ﬂ%g?ry ng}[? ﬁ%f?}%év 22?8‘%%%‘1’6- rjrs‘e acrléll %eegcopgl

bi nder was prmmefwshwagfmhdngtﬁa)cdnhmsémnﬂ(gw ingt pnbem&ttmr@d vAthaiflogeh, 3 necked

Lﬁ:ﬂgg d \?MO: :102;: of }%‘S < Vevasls TLe hasl%q’va\émthteg charg OJ' wﬁlngeggssea:'cp tetrgl rolfl?rlar? ETI&]%be and

(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 hexane/ethyl ether solution containing 20
volume percent of hexane in ethyl ether to precipitate the binder. The solid binder
was collected by suction filtration and dried in vacuo to yield 19.5 g (98%) as a flufty
white solid.

Example 2: Electric Field Programmable Film Composition Preparation

[0114] An electric field programmable film composition was prepared by dissolving

together the binder from Example 1 (0.884 g); a crosslinker (0.111 g, Powderlink



for 15 mnutes. The flask was then charged with degassed tetrahydrofuran
(TI-1F) (120 m ), 9-anthracenenethyl nethacrylate (ANTMA, commercially

avai lable from Al drich Chemcal Co., MIwaukee, W.) (10.0 grans, 36.2
mol ) and 2- hydroxyet hyl nethacrylate (HEMA) (9.3 m, 10.0 grams, 76.8
mml ), with agitation. To this m xturesmas then added

1,1 -azobi s-(cycl ohexane carbonitrile) (commercially available fromDu Pont
as VAZO 88) (0.57 grams, 2.33 mmol, 2.85 %ww, with agitation. The flask
contents wer € l7habictiedceagslinger faqm (xtec Ndugtriees ¢atplyshP-405r2. 24 hours, an

addi tional pQrdi ; LS5 Cal ELr R e) gr ans,
3.64 nmol, %r %15‘1915}38\%?%&0 J&%ﬁgxg@@a@g&ﬁgﬁ@%ﬁﬁe @hé\xlg?%?’taﬁ(g%c?e | uxed for

anot her 24 hoteptor (OThid i, sk Budminsieriillgeene fromedddididleehitad Cooomdeenper at ur e.
The contents of t f k t hen red into, 50 of hexane/ et hyl
ether sol utidn V?:%R 4a r?gof?é vﬁ%%ﬁe\%gloggrr’gthggﬂ)gezne e%’#%ge gzﬁle%?)h Aé{%hyl ether to
preci pitate tdiwolbiisig eslutichheasSidteied thrbugher polypaspyteat et veith H§.2 jacpdron

filtration and dried in vacup to.yield 19.5 (989 as .a fluffy white
Sol 0 Exampree el AR ar b S P ¢ foeBReBet | on pr epar ati on
[0114] An electric figkdinRéogERIHRIE@d PidonGRINROSInt PRBatdAsH Pr epar ed by
di ssol vi ng et her the binder from Exanp 0.884 ¢g); .a crosslinker

le 1
(0.111 g, Po&ﬁ’géil PRielesiic fTWOEPWE‘BWFﬂlmé‘faE)ﬁ%@FiF%%W PO 88 | ndustries);

a catal yst (QrQs & ExatpiOb UL Al Dtos wakd: HaiRNOBYAERE 6f 100 T drom Al dri ch
Chem cal Co.); an electron acceptor (0.216 ng, C60-Buckm nsterfullerene

from Al dri cha@harssisEyitc apeut 40 hto abgpifehehm-om aya smosmed af #hosl Y of

nmet hoxybenze a S i i i filtered
Through o poltes op FeRBRIRAPagi wfl ek piSh S bR 3PLHH AR 1
product el ectto gice in ekdripfied pengramrhabld filmmhayorgpobickiesnof abrarfplnen.3: El ectric

Fi el d Progranmabl e Fi |l m Prepagat i 0115 n electric field programabl e
filmwas fabricated by spin C%ﬁ'@%ﬁ@#&@%@@& Exanple 2 on a p-type

si | i con waf eff0hayAngupordifanmt By 7w id Ol@aviat idohieé €daged siliton avafeesf St i vity of

about 0.0001 to about_0.1 ohmcmat a spin_speed of about 2,5 rpm The
coated silic awa*?ee? TRecormnrs pempeatpddnt SH‘&CﬁI‘)g?H’a&‘%et‘?%’én?‘@r‘gg‘ow’ggconds to
give an el ectsn'v&pﬁétﬁlmeﬂé@grn@mplbesfdemm@wm Multib&kdiess forke about 50 nm

Exanple 4: Witing Inforpation [0116] A coupon of 7mm by 7mmis cleaved from
the coated siTiFEsPPaatEA NsposcepelypiogtrallerTiibe demisdprer eiciirert BAUHEd he
surface of aRGNGhiievdRYNisicHabMhS Wil dnonsihdl\Sike BARA: of BUEN/mSSM 4 1 N sanpl e

is placed in a Veeco Mul finode atom c force
nominal resonant frequency of 75 kHz. The stylus is 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, is constrained to be at
ground potential. Information is then written to a plurality of memory locations in the
electric field programmable film by creating an enduring domain of polarization
within the electric field programmable film by selectively imparting a DC bias voltage
selected from -2.0 V, -0.6 V, +2.0 V and +0.6 V onto the stylus and touching the
stylus to the top surface of the electric field programmable film corresponding to a
given memory location. This writes information to the individual memory locations
in both the polarization magnitude channel and the polarization direction channel,
with each channel having two available states. The polarization magnitude is set by
the absolute value of the applied voltage (either 0.6V or 2.0V), and the polarization
direction is set by the polarity of the applied voltage (positive or negative). During

this information storing process, no appreciable current is observed to flow through

the stylus.



m croscope with a Nanoscope IV controller. The atom c force mcroscope is
outfitted with a cantilever/stylus conbination wwth a nom nal force
constant of 3.0 NNmand a nom nal resonant frequency of 75 kHz. The styl us
is constructed of gold coated silicon, As nounted in the atomc force

m croscope, the bottomof the sanple, and thus the bottom surface of the
electric field programmable film is constrained to be at ground potenti al.

I nformation is then witten E@@l@bUR@&dlﬁMn%nm’ﬁDry | ocations in the
electric fiel d\XfrO grammable film by creating an enduring domai n of

pol ari zat i oh01! ifhﬁwfq%ﬁ@%?%nd § sleqtae Held grogramamable Hipy mEypmpla et i vel y

i nparting als%dfm% amé&é%ltlé@de%%rﬁg ere@rmcro%eé}eth ONghoYoopd v 0 V and +0.6 V
onto the stylus and touching us to e top surface of the electric
field progr aﬁﬁfwélp@omﬁtmve&w@gw@ws élswemama@qwﬁewhﬁw Bxgewls bn. Thi s
wites infok Y i e

pol ari zat i Og%%cﬁpgug%@@ﬁakﬂggggﬁdﬂ) Vggp aFéll gﬁ%%égng?lﬁggttﬁrﬁaggﬁgnnel , Wth
each channelovérdha eleptiianaeldpmitaaivhablesiilotat g ﬂY'ﬁh%ht;idiSancezﬁidew fdmgnf tude i s set
by the absglu u f. t t , and the
pol ari zat i o(rgllm gﬁlr ec?clogl\r/ll&luénogg?t%%?“‘tﬁg nf)lgr %’f?j 1s(ag#s ?ﬁé‘dg‘ﬁg f|° tl\%/’BI t age
(positive ostoraelgathe\pe)anzd}lmnmagmmdle|channatfaﬁr1 M'&tpommxzasttomrdxmglanchm]sqf no

appreci abl e _currer ) obs rved to fl t he 31 Exanple 5:
Rondi no | nt SR of BP9 Tesronsif ettt Pearno B ect i ¢ 1ol d
progr amabl aleasdnﬂgm eBé&H&ﬁtﬁt férce nfipaite@ on theipBgtielMVeiea sivilst Thwde atom ¢ force
m croscope wth noscope |1V cglg troller outfitte i

wWth a
cantllever/§PVPﬁ§mE ﬁﬁ?ﬁ%f@ﬁﬁdé§w @EPFH@&“PHMEQQWﬁ%@Cﬁm’m%BBCificaIIy, a DC
bi as vol t agere lsﬁésmodtﬂﬁchse)'aﬁ@ ﬁfetpﬁﬁn%hoh RRyghitide cMMHnENs tead bixaR tRassed over
the electric rammebl e filmat a fly height (distance fromthe
film of 10HmﬁWﬂ@Tﬁ g@ﬁ%omﬂWﬁmﬂnde atomc force microscope is able to read
the information stored in the polarization magnitude channel and the
pol ari zation direction channel of the plurality of menory locations in the
electric field programmable filmby nmeasuring the electrostatic force
inparted on the positively biased stylus. The polarization direction
channel is read out as the direction of the force on the tip (repul sive or
attractive) and the polarization magnitude channel is read out as the
magni tude of the force on the tip. 32 W claim 1. A nmethod for storing
information in a nenory device, conprising:




providing a nenory device; and, witing information to the nenory devi ce;
wherein the information is encoded with at |east two polarization nagnitudes
and at | east two polarization directions; wherein the polarization

magni t udes provide a polarization nmegnitude channel for encoding
information and the polarization directions provide a polarization
direction channel for encoding information. 2. The method of claiml1,
wherein t h&Y&@adry device conprises an electric field progranmable film 3.

A method for storings infafienitsiRie im&ibﬁimexﬂ&?\&qwgoﬁaﬁﬁg@ﬁri c field
programmabl e fil mhaving a top surface and a boftom surface;,” and, witing
information to the dredeinge nfemerydgyicggndnmabl e filmby applying a wite

vol tage across the %&ﬁ}griié’?’”f’itﬁlnqo{?‘%%% te. filmfromthe top surface to

t he bottom surface usi east one stylus; Wherein the wite voltage

i nduces an enduwhergindiemaformatfonpoérmpdeiatithon laastttivd polatibetior hegtinides f i el d
programabl e. f i1l and, wherein the informati.on i.s encoded with at |east two
ot oot 81 fhiss v Baeteri el BifetonS st ieq BE o Erelh FORTHFURYIBHG: wihor ei n

t he pol ari patbiiffioagphitudel eifanpEl @ dCoding iRfrktichand @i poRgpitionde channel for
encodi ng information and the polari.zation_ _directiaons provide a polarization
direction EReHHARIPIPYRe 2RRRHYR SiFRcBPhernesh for gncofiig IRRPA¥EW 0f ¢l ai m 3,

wher ein informegion 118 iikddl @ Blal® 1 1 MR R Mem e NEG& dofhpAsadrat ure format.
5. The method of claim3, wherein information witten to the polarization

direction ekanadreldipsogimmaiafileal |y altered for memory |ocations along a
track. 6. The ngt hoqé,H;eth%h%r@lﬁingmkiﬂn,ic%gﬁ%i on witten to the
a

pol ari zation direction channel T's systemati al tered between adj acent
menory | ocati ons al aqmgyiding er eleiric ficld Programsnabdaiiilof hayingiatoBsurfsbesrsi n

information,i rh“”drfa}ce%nﬁo the polarization direction channel such that the

pol ari zati on 1T eCtT R of adj acent nenory |ocations along a track differ by
91 to 269. 8. A nenovmtimgenfoarationodreickibing fiedProgammeatsladén bpdi um cont ai ni ng

information, wherein the information is. encoded tﬂ?fﬁ t |east two
pol ari zat | OPPHGH R ag A et R erar RO far BEfPons: and
surface to the bottom surface using at least one stylus;
wherein the write voltage induces an enduring domain of polarization within
the electric field programmable film; and,
wherein the information is encoded with at least two polarization magnitudes
and at least two polarization directions; wherein the polarization magnitudes provide a
polarization magnitude channel for encoding information and the polarization
directions provide a polarization direction channel for encoding information.
4. The method of claim 3, wherein information is written to the memory
device in quadrature format.
5. The method of claim 3, wherein information written to the polarization
direction channel is systematically altered for memory locations along a track.
6. The method of claim 3, wherein information written to the polarization
direction channel is systematically altered between adjacent memory locations along a
track.
7. The method of claim 3, wherein information is written to the
polarization direction channel such that the polarization direction of adjacent memory
locations along a track differ by 91 to 269°.

8. A memory device, comprising:



wherein the polarization nmagnitudes provide a pol arization magnitude channel

for encoding information and the polarization directions provide a
pol ari zation direction channel for encoding information. 9. The nenory
claim8, wherein the storagg nmediumconprises an electric field
programmable film wherein the electric field programmable film conprises
multiplicity of individual napped portions corresponding to a multiplicity
of individual ne&ehye heGahicoMsininkGnfondBhNOEkréH tHe@afingioh if desmii on stored
' gvi di nq a nmenory. devi ce contai ning

¢ast Boolagiratiopiareelionst®d i nf or mati on
i s encodedwitdeh B gdlmfioﬂfﬁ@gﬁﬁh@rpk&@&d OpdlarZREIH hatRSdeaRenRl foreast two

ions; wherein the polarization mgnitudes provide a

devi ce of

to a msm)ry.tgevi ce, conprisin
i nf or mati o

pol ari zation direc

Bbleas by a PO R U B s B

pol ari zat i 8RFofiag HifPTRIEoR prththe Polpration dissgtions mrowids hRAlaryatigdirectione

pol ari zat i R i1 Gk QfSe

direction

menory | ocal ;Lzlgat‘ic field programmable film, wherein the electric field programmable film

comprises a multiplicity of individual mapped portions corresponding to a multiplicity
of individual memory locations.

10. A method of reading information stored to a memory device,
comprising

providing a memory device containing information stored in at least one
memory location, wherein the information is encoded with at least two polarization
magnitudes and at least two polarization directions; wherein the polarization
magnitudes provide a polarization magnitude channel for encoding information and
the polarization directions provide a polarization direction channel; and,

reading the information stored in the memory device by detecting the direction

and magnitude of the polarization stored in the at least one memory location.

RESMbéElg, @ polarization direction channel; and,
reading the information stored in the menory device by detecting the
and fagnithadesmoiy ddvecepdklam gavhieonn Sresrosapeimedivrecamprisesast  one

a





