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20 ferroelectric materials are a subclass of electret materials and capable of
being spontaneously polarized to either a positive or negative permanent
polarization state. By applying an electric field of appropriate polarity, it is
moreover possible to induce a switching between the polarization states.
Non-volatility is achieved since the material can retain its polarization even

25 in the absence of externally imposed electrical fields. The polarizable
materials have hitherto typically been ferroelectric ceramics, and the writing,
reading and erasing of data has entailed the application of electrical fields to
the ferroelectric material in localized cells in the memory devices, causing
the material in a given cell to switch or not switch its direction of

30 polarization, depending on its prior electrical history. During normal
operation of the device in question, the ferroelectric material may be
subjected to electrical field stress of a prolonged or repeated nature and/or
numerous polarization reversals. This may cause the ferroelectric material to
suffer fatigue, i.e. deterioration of the electrical response characteristics

35 required for normal operation of the device. Fatigue is characterized by a
reduction of the remanent polarization, which in turn results in a reduced



reduction of the remanent polarization, which in turn results in a reduced
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(LSCO) and r| um bartum opper oxi d ive to the
above-r¥err e@ills require higher manufacturing temperatures. On the other hand, initial

attempts to use PZT in conjunction with metal electrodes have proved
unsuccessful for most memory applications due to rapid deterioration of
switchable polarization with increasing number of read cycles. As a result
of intensive research efforts, it was shown that the redistribution of charge

25 defects (e.g. oxygen vacancies) result in charge accumulation at the
interfaces, whereby pinning sites are created that inhibit domain switching
and bring on fatigue in the devices. A strategy which has proven successful
in countering this phenomenon is to employ conductive oxide electrodes,
preferably with a lattice structure similar to that of the bulk ferroelectric

30 material, which neutralize the oxygen vacancies that arrive at the
electrode/ferroelectric interface. Examples of candidates for electrode
materials in the case of oxide ferroelectrics such as PZT are RuO,, SrRuOs,
indium tin oxide (ITO), LaNiQOj3, lanthanum strontium cobaltate (LSCO) and
yttrium barium copper oxide (YBCOQO). An alternative to the above-referred

35 strategy of providing a supply of critical atomic species in the electrodes, is
to insert sinks for vacancies in the bulk ferroelectric via doping and/or
adjustment of stoichiometries. This approach has been used on PZT by



35 strategy of providing a supply of critical atom c species in the
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dopi ng and/or adjustnent of stoichionmetries. This approach has been used on
PZT by 15 MAY 2006 3 introduci ng donor dopants such as Nb which substitute
into Zr or Ti sites and neutralize the ogygen vacancies. Further
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for use in memory and/or processing devices as compared to their inorganic

20 counterparts. However, fatigue and imprint problems do occur in organic-
based ferroelectric capacitors, which if not solved will cause serious
obstacles for commercialisation. Unfortunately, the remedies that have been
developed for counteracting fatigue in inorganic ferroelectrics systems
cannot be applied in this case, due to fundamental differences in both the

25 chemistry and in the basic ferroelectric properties (e.g. displacive vs.
permanent dipoles). Hence, the present applicant in International published
application W002/43071 has proposed a ferroelectric memory circuit
wherein in at least one of the electrodes comprises a conducting polymer
contacting a memory material of ferroelectric polymer. Optionally, the

30 conducting polymer layer may also be provided as an interlayer between a
conventional metal electrode and the memory material. This arrangement
provided improved control of the charge injection properties of the electrode
with added benefit of maintaining an adequate fatigue resistance beyond 10°
polarization-switching cycles. It is however, regarded as desirable that

35 ferroelectric or for the sake of that electret memories should be impervious to
fatigue well beyond 10° polarization-switching cycles. Recently it has also



wi th added benefit of maintaining an adequate fatigue resistance beyond 106
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ferroelectric or for the sake of that electret nenories should be inpervious
to fatigue well beyond 109 pol arization-switching cycles. Recently it has
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It is a further object of the present invention to provide explicit descriptions
20 of memory circuit structures where certain basic fatigue mechanisms are
prevented or delayed from becoming operative.

It is yet an object of the present invention to enumerate particular classes of
materials for incorporation in fatigue-resistant memory circuits and list a
number of preferred embodiments of particular relevance.

25 The above objects and further features and advantages are achieved
according to the present invention with a ferroelectric or electret memory
circuit characterized in that at least one of the electrodes comprises at least
one functional material selected among one or more of the following, viz. a
diamond-like nanocomposite thin-film material, a conducting carbide

30 material, a conducting oxide material, a conducting boride material, a
conducting nitride material, a conducting silicide material, a conducting
carbon-based material, or a conducting polymer or copolymer material, said
at least one functional material being capable of physical and/or chemical
bulk incorporation of atomic or molecular species contained in either the



car bon-based material, or a conducting polyner or copolyner material, said
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20 memory material. In case of two or more functional materials are used, these
can then be provided in respective separate strata of said portion of the

electrode material.

In a second preferred embodiment of the memory circuit according to the
invention said at least one functional material is provided in one or more

25 surface layers of said at least one electrode, said one or more surface layers
being provided as one or more interlayers between said at least one electrode
and the memory material, and in case two or more functional materials are
used, these can then be provided in respective two or more interlayers.

In that connection a conducting carbide material can be one or more of the
30 following, viz. tantalum carbide, titanium carbide, zirconium carbide, or
hafnium carbide; a conducting oxide material one or more of the following,
viz. binary oxides, ternary oxides, doped or undoped binary oxides, or doped
or undoped ternary oxides; a conducting boride material one or more of the
following, viz. hafnium boride, zirconium boride, or chromium boride; a
35 conducting nitride material one or more of the following, viz. titanium



or undoped ternary oxi des; a conducting boride material one or nore of the
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Lo , : ) |
s at T easkrherbifolyhiels RV DREHIGORRRISEE (BYDRMEE), AR ARBEAL
menory ci r cunylonshoddrsanbetedgnyloes veith eny 24 theidopodymicsd, loyanhpalymeéns
devi ce. ;Ad 2l i ' | ectret

eVl ce, 1$0uaBhadsash R by Ao ERUaRIgRERLC or el ect et ooy

circuits 30 e I nve e menory circuits in a

matri x- addressable arr the menory cells of th pory circyits form

di stinct port} ,qgtqu;ogs%fh@o&pcﬁrggggp{@pn&l Fet &’Séleg‘?ﬁqgﬁi é‘sé’inee‘Pé r et

thi n-film nedsilywimt,anzabluniieuil pEdtinum, gold, titanium, copper, or alloys or
composites thereof.

Advantageously the memory material is provided in the memory circuit by

20 means of physical or chemical vapour deposition, or by means of spin- or
dip-coating processes, the electrode material being provided in the memory
circuit by means of physical or chemical vapour deposition, and said at least
one functional material being provided in the memory circuit by means of
physical or chemical vapour deposition or a solution-based process.

25 Preferably the memory material, the first and the second electrode and if
appropriate, said at least one interlayer are then all provided as thin films in
the memory circuit, thus realizing the latter as a substantially thin-film
device.

Advantageously a plurality of ferroelectric or electret memory circuits

30 according to the invention forms the memory circuits in a matrix-addressable
array, the memory cells of the memory circuits form distinct portions in a
global layer of a ferroelectric or electret thin-film memory material, the first
and second electrodes form portions of first and second electrode means
respectively, each electrode means comprising a plurality of parallel



and second el ectrodes form portions of first and second el ectrode neans
respectively, each electrode neans conprising a plurality of parakihAy2606VAY
2006 7 strip-like electrodes with the el ectrodes of the second el ectrode
nmeans being oriented at an angle, preferably orthogonally, to the '
el ectrodes of the first electrode nmeans, and the ferroelectric or electret
thin-filmglobal |ayer is sandw ched therebetween, such that the nenory
cells of the nmenory circuits 5 are defined in the thin-filmglobal |ayer at

the crossi ngsQp-1ies BRe0RE ¥v it ¢he 8lcRel0dRIT thE stbEnd elddirRleemlchAsiBeians
and the el ectrodes, of thegiecong gl ect r ode ans, mrémbé t he rr?¥ 0
menory ci r cuidrEenied ghaninglpprelerably grhogenaldy diodtherdegirgdes Of%ﬁ‘e Tt the
nmenory nat er igdéctrybddinida@s, awdretie/ faebélectiriabi Rt thitt- iihagledapbsgir Ve
mat ri x- addr essahl e ctric 10 or. electret rrennfl%/é)ggﬁlgce wherein the

f err.oel I
dr essi ng. oReRguRdRed U TRBRBIE e SHF thatghe (P eneTBAg BRTHPTOREC IR
pl ace v: gt h@r_eldefhl][eadﬁah_efthtﬂlﬁlﬁi glbﬂa@?)@t@eérmanf cf(!t?ls_smgst %ﬁlf@p@@ﬂnfegt ihrenhvwi It h
external clircultr or ri i 4, CONLIrol an e 1.0N I nventi.on shna
now be descri %‘EfrgﬁlFSn%ﬁ&‘edéfsg%l‘?ﬁﬁ?‘ﬁqW}c@f‘élagﬂgtgetei“ti@?ﬁ% ther 368 bodi ment s
and i n conj urgédtesdsvhidans hehepggntdedarda pof agembdiygeiresits ddrmbd dly theg. | shows

oo bsent i ng SegirSds s Ay BTG )4 el Y iR HEGRN A ERaL P thee a
di S?' osed i Prb rpaémory taell? rfizﬁiidsgan mta%mmbpyf;iive mt';t_tixaagdnredisadgetfer@eléotﬁb
rr odi;nent. o e . present invention, fig. a_nenor i rcui
P ecordi ) oo Bk SeridtS dR6E Serk MR AsfPessinor TeSd SR sRldsf ellsy 4
a nmenory ci r dor twratecardieagl operatioas itakd phicet\he the ebaudrqatesf & thecele@Bode
nbodi t of the | i i A4 : i V. i
crbodient gy Y ST PARPLY P S8erhl SRR MY oA and

pl an vi ew of detedtion.x- addressabl e nenory device conprising nenory circuits
according to present invention, 30 fig. 6b a cross section of the device in

fig. 6a takemrial RRGntiod JHalendwhe Hbdritkd dehdrd defaik WRAREFereheSwd t of the
device in fig. (a and corresponding to the enbodi pent in fi % 3, and 15 MAY
2006 15 preferred embodiments and in conjunction with the appended drawing

figures, of which

fig. 1 shows a generic memory circuit of relevance to the present invention,
representing e.g. an elementary memory cell in a data storage device as
disclosed in prior art,

20 fig. 2 a memory circuit according to a first preferred embodiment of the

present invention,

fig. 3 a memory circuit according to a second preferred embodiment of the

present invention,

fig. 4 a memory circuit according to a variant of the second preferred
25 embodiment of the present invention,

figs. Sa-c generically certain different modes of ion incorporation in a

functional material,

fig. 6a a plan view of a matrix-addressable memory device comprising
memory circuits according to present invention,

30 fig. 6b a cross section of the device in fig. 6a taken along the line x-x,

fig. 6¢ detail of a memory circuit of the device in fig. 7a and corresponding
to the embodiment in fig. 3, and



8 fig. 7 schematically the structure of a functional material in the form of
a dianmond-|ike nanoconposite (DNL)filmas used in the present iRygfky 96he
The present invention is generally based on introducing into the nenory
circuit, which is a generic capacitor-like structure, at |east one
functional 5 material such that it interfaces the el ectret or ferroelectric
menory material on the one hand and the el ectrodes of the capacitor-Ilike
structure on the other hand. Hence the at |east one functional materi al
could be a c I I
electrlcally?1 &%??thﬁ%lgn%heréﬁﬁﬁﬁpgp§fu%é %§%&g kggﬁéﬁqgggFP?éﬁg§

el ectrode mdmam il qwmmmtﬁ@m&ﬁ m@wsféltm@le PueSERpEvVEaHEN.
attribute of a functional material in addition to being electrically

conducting i g h%f‘;%séﬁt mfveﬁtibﬁ it @eaarillir easeddon ft(tﬁdsdmﬁﬁgentmtlm egnorgt r uct ure
certain ionic.or, speci es that. m gr at

tral e f i electr @I or
ferroel ectri Elrﬁﬁ{tefw ifh isaSNERE Gappriiandike rqcﬁlér L 45t OTS; TG Béllalng
i nposed 5o0n iﬂlﬁeﬁapamﬁ ﬂfa—tht kesfacecthe elevirat bhéelebelﬂzbtmdmemorwnﬂeﬂfrialhe

fl f 15 hal |

Irrgreuggf g.l IOeIEIn ng)&]‘r% II %“‘?31“198%‘38%8%%85 %Bﬁ%?léoreﬁge Srtﬁr '%orari lg %ﬂ‘&l ons
or neutral haﬁdj Hsnbakbe pt bemst ent Henctionarmateriadidopld be dagy?mlttuemtmf tlﬁn of

t in
of “Vacanci e At TRETLREHERARmAlerk) Ie SMRGLEANT oTRUEHDE apssBiofe i 1
into the 20 eia@,cbe vieved asanwdditienal elecpodsindterial m alhd cammrtlh]ee
f t | I
wth « ni0pr esuRbLfy, Ao SRIRRISUEG 4 BRSO RTIREEY L % aBiGRI B
t he causes oble‘caltlc@llhﬁcanducmg ii;thatrit podbledoi captwreoand mmJtrporaibsnwnm oyed in
CapaC| tor-li l§ﬁu r@érl%,lﬁ? fﬁé!ﬁtﬂaqts%géfegrtﬂgﬁnﬁgﬂ}tggr%Qﬁg%%&get or

appl i cati ons, ? I'ses rst and
b

second el ect r&:xdeslelca‘m Imatntle dem@leamﬂfmnp? ofghe eiledtriz, fl¢1|d heing 1rrm§gda
ferroelectrig, p[ﬂle cﬁfh“ tQFetV‘ﬁ e ﬁ%‘ggéé&%t %ﬁgﬁﬁ%ﬂ ﬂlealnfﬂl%'h@le g -plate

capaCItor-Ilkes ure pyﬁﬁg VO
el ect r odi®s, phecmratm gcadlcntSp@ﬂsy | becamupjappeeanttioom tém@tmp&aﬂewl@dds t hat

30 may affectdegg a%t]%ﬁ?é ?9Ab&, 'sheh F&Qgﬁfrhza%ﬂ' 19@0135 Eﬁon%ftllﬁ‘ﬂggﬂflfélﬁfﬂ‘ad to be

general ly applic organi c meric ectrets an erroel ectrics,
t he subsequeﬁpe@ﬁgéﬂ%]’-’lﬁﬁesﬂiﬁlqr lptqrmmalﬂy, erléhﬁub‘éill@dﬁ@ﬂ ef ptomigetect ri cs,

Wi th enphas h?ol@@ulp}/@%(rj@ﬁﬁlénﬁ of @he ARt RInal %'iat@ﬂhl/ Wl?y ‘f‘IlEHéUfF \J%c%ﬂgfegr TFE

This in order to rovi focus and concreteness resent ati on and
35 encorrpasstlmrags&h@m%&tbéndmgstqWa@tlagppame@muﬁm&qlzzLhualrt pte theance for

future pglevi grtRfde AHRIER is also possible. In all cases the functional material shall
remain electrically conducting.

In conjunction with the present invention one has undertaken extensive
investigations into the causes of fatigue and imprint in polymeric memory
materials employed in capacitor-like memory circuits for data storage and

25 processing applications, as shown in fig. 1. The memory circuit C comprises
first and second electrodes la;1b interfacing a memory material 2, in this
case a ferroelectric polymer sandwiched between two electrodes in a
parallel-plate capacitor-like structure. By applying a voltage signal between
the electrodes, the ferroelectric polymer is subjected to electrical fields that

30 may affect or interrogate its polarization state. Although claimed to be
generally applicable for organic and polymeric electrets and ferroelectrics,
the subsequent discussion shall primarily treat polymeric ferroelectrics, with
emphasis on PVDF and its co- and/or ter-polymers with TrFE and/or TFE.
This in order to provide focus and concreteness to the presentation and to

35 encompass classes of materials that appear of particular relevance for future
devices of interest.



15 MAY 2006 9 Based on experinental and theoretical evidence, the inventors
have found that a generally recurring, ubiquitous and dom nant nesEYVI2600
for fatigue and inprint is redistribution of charged inpurity species in
the bulk of the ferroelectric polynmer and near the el ectrode regions, under
the influence of 5 electrical and chem cal potentials. Upon arriving at the
ferroelectric/electrode interface, such inpurities may be captured by deep
traps at the ferroelectric/electrode interface or react chemcally with the

el ectrode mapatédbn ckpRrimiital hh&Ihédvetich PavidlehaCthiedn vehasty tase folihgh form
insulating barrier | ay?rs at the el.ectrodes. and t raPs for ionic %%em es that
I @@H&P h

10 subsequentha} asgenerallyreeyging, abiguiieus apd ARt BiecharIsyR for fitguene
traps, | ocahhdeghpeiinnigesdidaybition df ¢Raied ep @l cipauies ButHabek efthedanmage

the function of the.cel] by creating depol arization fields and thus pinning
of ferroele rF?"cleHHFFaPﬂL}'.mé@?ﬁe o&gr &éla‘g%%ﬂge 5%5’\%‘@11“11@% € ﬁ’r‘&ﬂf?é&

speci es 5 andeRlcatédladrRbclenticll potelasils opdieaginvisigealthent egrity of the

el ectrodes and 1!3 ren e{? tthedm.n n-ffunctiﬁnal b?{. r educi,ng thir goraducti vity
to unaccept abfOClFeWq/ glrstioderinia fage, Sgh iR ties Ay P (ARITG L RY IpGP
secondary ef trapt at dss berratledtrid/electhiele iacartiand ot reaet chenataldy svith thee

el ectrodes or in ctric

he i i. f bul k of the f
nenory nat erF%ﬂ%Eréd?gpai}%}%gin ﬁ%hﬁ’ﬁ?ﬁ‘r&ﬁ?%?la%ﬁfﬁt‘z%gﬁSﬁ#a% %@%&bcgtﬁ/\g’g#ig ethous
and crystall iml:ﬁ[ﬁgg baﬂ;ielokayg{sahtnthlepa]e@_daodm?and tripsdor di@rﬂigecg;&pie_(sethg‘;] ionic
t her pe pr.ese a prirory a orelgn | [l n e
T oo MY aibictieny SR e st Ridest Dsp el on b Heblt, T i bhBEess. o
be derived ftavalized cheggedmayduibd uplae thé e}ercmjcbcsfurfﬂcanmld damage ohis f or ns
f st i i he 25.. facturi .
Subsequent ortiddiEar s B bR B M BRI Aelds i B pinffla 86 00, o
t he devi ces. fédnecleetred demafinsirch¢midad reddtiomchawseagannsor nhetrabsperies
del : . i _ . (
el o 11 9ue RUSIOTEN 0, I Sh-AQIPIG I REEREns RO BN e
for thelaboveesribémrned funcioralily fesucorg thtir conduectoy iy o umscodgably

vol atile conﬁi&,tlg@é]%s, e.g. oxygen in PZT, are lost during the swtching of
the ferroelectiric. In those cases, renedies are focused on filling

Vacancy” geneRBEbolFTEGFIRIBEAEIONEY 5 BRERY GREORTade e’ Capo AL Wi et K
ferroel ectri gecuhuMivon2®08efects at the electrodes or at the internal interfaces in the
bulk of the ferroelectric memory material (i.e. domain boundaries, or
20 boundaries between amorphous and crystalline regions, or grain boundaries).
These defects, (e.g. ionic species) may either be present a priori as foreign
impurities in the ferroelectric material from the synthesis or film
manufacturing process, or be derived from the degradation of the
ferroelectric due to various forms of stress occurring during the
25 manufacturing of the memory cells or subsequent electrical or mechanical
stresses relating to the operation of the devices.

The remedies found to be efficacious against the above deleterious
phenomena and which constitute the present invention to be described and
exemplified below, differ fundamentally from those developed for the above

30 referred inorganic ferroelectric memory films where volatile constituents,
e.g. oxygen in PZT, are lost during the switching of the ferroelectric. In
those cases, remedies are focused on filling vacancies by replacing lost
species such as oxygen, and by suppressing vacancy generation by doping or
stoichiometric modification of the bulk ferroelectric.



10 According to an enbodi nent of the present invention, the el ectrodes
contacting the ferroelectric are prepared so as to capture e.g. N19NAY 2006
arriving at the electrode/ferroelectric menory material interface, and to
incorporate said ions into the electrode structure w thout |oss of

el ectrical conductivity in the 5 electrodggmaterial. This is achi eved by
judicious selection of electrode nmaterials, where each el ectrode nmaybe a
single nmonolithic sheet or film or where each electrode is created as a

sandwi ch st rg%efcﬁngqetaai EiBB diMen 061 tHEOP R séntNGivieatiah, kigy elestrodesi r ed
functionalities of,  the aoverall el ectrode tructure are as listed. hel ow

viz. 10 i. EP%&aPrieatﬁeéﬁHeequﬁlewe Prf@p&rﬁiﬁsi%gipi GRSPISOF & O griving at’

del eterious RNélecBEEifefroelddiricBasmoey naattinl inteffaat naid penedorpbiae said
el ectrodes by inpuritie

mgrating towards.the elecirodes fraomthe
ferroel ect ri tonsiito ghe Ffeéﬁr tSItWCttar 83&&%‘? 19ﬁsgc?§?1168 ! C@ﬁlgpﬁgaltéfrmﬁ[gﬁt ral
spegi es jnt Oetelaefodéﬁnﬁ%mbeThist isi axhii¢vaed b%?uﬁbﬁntmnlestioﬂﬁe:f e]eattadxt riccal ]
conductivity ensures at ioni ecies arriving at the,.electra m t he
ol K Fer  oel BRRTHRSsSTs cneh sfe S S 4 Skl Fondlfibi€ e (B HPns §
al l oned to astierekatle clovhiate sarkatedrasad sarsdwwhgsthwetate dontaimingpivwmbdng
fields or significant d | ari zing. fqi gl ds. in.the K r eciric. 20
| ncor por at i oﬁ“ﬁ? ff’Bﬁéo?ﬁpﬁﬁgrselz[%%S?rre d@%ﬁ%@l@% Ogﬁbﬁrofé’ r{lﬁgkecﬁ}eou “alized
ions do not saactwrelagd as distédhbelkelvectizode/ f erroel ectric i nterface, which
otherwise could create a non-conducting barrier |ayer and even cause

structuj@l damagegedilingl kymd&q tparrier properties provide protection
agai nst  penetration of chem cally aggressive inpurities fromthe bulk

ferroel ectricli2s treppinRgRE O Atieald ﬂedffteéiﬂklstlﬁéloo%l?ﬁgl% el ectrode materi al
or other — congtitpapfisr eétivig a@ﬁfﬁ%iieﬂ@ﬁhﬁ@n o?Telb&sSIAIBY emplyiRidsnpUri ti es
S

that could still cause danage, b ructural diglocatiqn of parts of the
device (e.g. pre%&F%I%T%a@?é}P/? %W‘gﬁ‘\ioqlr(?%ﬁ\j’ r.oq?f?%f.“% shows a first

preferred emjQdi nBaLrief adtivVRYARYirEt heighdtiGe 6Pl 8r nS@trihgpdciveiiitd Ahe
where a_single el ode ma erliléeg{owo%es all the nost inportant

?ct r od
functiohalities oferipelesiracfiosy egtroflp. | n this case the functional

material can be considered distributed evenly in the el ectrode material.
Al t er nat i vel Herteeltotridal @oaduntivdyicasuBescthat bmiprspecwsdriivimg pothd on of the

e S°LE9% oL g 3 5 SOHR okl kS LALAD S PO AT,
mat eri al 2 16hasge i20@8 allowed to accumulate, which could create strong local domain
pinning fields or significant depolarizing fields in the bulk ferroelectric.

20 Incorporation of ions in the electrode structure ensures that neutralized ions
do not accumulate at the electrode/ferroelectric interface, which otherwise
could create a non-conducting barrier layer and even cause structural
damage. Finally, good barrier properties provide protection against
penetration of chemically aggressive impurities from the bulk ferroelectric

25 that might chemically attack the backing electrode material or other
constituents of the memory device, or less aggressive impurities that could
still cause damage by structural dislocation of parts of the device (e.g.
pressure being exerted by evolved gas).

Fig. 2 shows a first preferred embodiment of a memory circuit according to
30 the invention, where a single electrode material provides all the most
important functionalities of the electrodes 1a, 1b. In this case the functional
material can be considered distributed evenly in the electrode material.
Alternatively the functional material 3 can be provided in a portion of the
electrode material in an electrode 1a;1b. This portion must then extend to the
35 surface of the electrode 1a;1b contacting the ferroelectric memory material 2



11 of the menory cell in order to have the intended effect. In this case two
or nore functional material can be provided in respective stratasofAYRDGS
portion, i.e. provided in a stratified arrangenent in the el ectrode
material. Fromthe above it will be seen that in the first enbodi nent the

I ncorporation of the 5 functional materialjiin the el ectrode material proper
elimnates the need for using separate and distinct interlayers of
functional material, as is the case of the second enbodi nent as

Ir eSngCt ively o$fm<\!\’ﬂ1érﬂ01fy &8l is o@@é’rl th héﬁlﬂlﬁﬁh@@ide@éﬁktﬁ iIarthixf c'afslegaxto“ odes
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providing the varlous eri rs 4n.the | ordi ng
to the i nventP8ie dhiik n%ﬁ}?@%?t ”bﬂ? eﬁ{{j eﬁléb%ﬁhgéeﬁgggg% rEﬁB'{% Olfqﬁg
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I b hal |
I o o mobsirt sttt S PR o by OO R MATRIAE ] Sosts (Bl cadpF B
i nvention. | tthdnasccmcbambodtment akeesq;ﬂachvtlyrs&mnknem figse 3darfd‘ ér €he agtsilr ed
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interl ayers 3 Gncth o ese nte ayer s
sandwi ched beftmeembbkianehemaryoajﬁalllraord diffinulttprocessing probleans thamis thhe 20

nterl aygrs 38seReGYRbA lbiiihl A YesHBEES iRt rdfleihd ST BRlddssal 1Y

conducting an c¢h "can i ncor por a ructur | oss of
el ectrical cmnqma:cmentsyfqrqnpm pgdheyatrmrs matgrizleand layrssdndbe merigsry a; | b

from the fer 'ier%t‘ﬁ teagécrolrglrgm){ﬁé 1%Eﬁf1bﬁ shd loﬁo%%mé?%%%l s&ussBdTusihley

conducting el e e ectrodes provi des good
25 el ect ri calbebawineledrly,ithig Hrexarmbedimentirennges sl cieads m@tm&ldtﬁ ts. The

el ectrodes feggl;,ﬁn@ﬁﬁ HRd, Wut 'as%hmw@&exﬂ@lﬁea 16RPERsh hREkhRNSYst.

mat eri al nter’layers 3a; 3b on the si efacmgthe

ferroel tr| nme mat eri al e |o 3b e hi bit good
barri er ﬁr op&rlgi ggﬁxﬁ'éaﬁ W‘?%CWHF&C%(H g&’g ﬁo?ﬁ %éFFa FRPO HnSWd
chem cal att @(fllcth@mn\flétﬁlcﬁﬂ Ibdakiangpaciot-lkaestrmitard azlhea@dh@dsfsfmkehy detived
constituents of t

functi onal i t i B&° ﬁl?ﬁbl 448 ?ﬁﬂle € eﬁt]rgflpégg; gbpr e¥%§t e%rg'rl; elay f‘gggs%stﬂl gr gfs
contai ni ng monerlagyes 3a;3bi ¢ furicitional maiernah@ Thesa angdapérseledb noge
e TR U e RS PRI DRI BS sl 2,70 e
by a nu@ber dfiteslalybesy2a;Sbramppasé YehgtiomdahateoiapBi whivh & elspeoiafiyc
functional matahl Hing AHaNGRCE LAl [1¥oForate hidRECL Sl WA BYSRFAS
electrical conductivity ionic species that migrate to the electrodes la;1b from
the ferroelectric memory material 2 of the memory cell C. A highly
conducting electrode material forms the electrodes 1a;1b and provides good
25 electrical connectivity to external driving and sensing circuits. The electrodes
la;1b are coated with a conducting ion trapping functional material 3
forming the interlayers 3a;3b on the side facing the ferroelectric memory
material 2. The ion trapping layers 3a;3b exhibit good barrier properties
against the ionic species such that penetration and chemical attack on the
30 backing electrode material and possibly other constituents of the memory
circuit C are prevented. This separation of functionalities in different
interlayers may be extended to structures containing more layers still, thus
widening the range of electrode materials that may be used and improve
performance and/or manufacturability. For instance may the interlayers 3a;3b
35 be constituted by a number of sublayers respectively, each comprising a
specific functional material and hence tailored to a specific function such as
one of those listed under ii) - iv) in page 9.



one of those listed under ii) - iv) in page 9. 15 MAY 2006 12 A variant of

t he second preferred enbodi nent of a nmenory circuit according tostMRY 2006
invention is shown in fig. 4, depicting the use of two separate interlayers
3a;4a and 3b; 4b on either side of the nenory cell C. The interlayers 3a, 3b
facing the ferroelectric nenory material Zqare electrically 5 conducting and
have the ability to absorb inpurities fromthe ferroelectric nenory
material 2. The interlayers 4a, 4b |ikew se conprise a functional rmaterial

3 which is conduefant@fand sB@&n(ﬂ?@éfeﬁ%ﬂrérﬁbo@iﬁﬁ@ﬁrdﬂ £meR6BYERtLINAcchiting
transfer of |rrpHr|.t|es.thr.o h ta ttheégldactrode Iaﬁers la, b, ich are
§ bt al

hi ghly condudPitA§ ABERHeRIS SEOYN 15 eHIeAS g USO RA LW R YCot her part s
10 of the ci rigtérldyers Baldieani®8beab otheithatdide ofakt inatvantagedubhy be the
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shal | now be aﬁﬁ@btihg(?hridﬁhawﬂ’ﬁ: alsilliay ko abosvibcinaperitiesifraah thenberrotlecapeci es
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fig. 5a (i) andteriad.3 Waidh is) comtidtiag drdhhag heodibapriet pyophrsiesdpeyeatingt i ve
constituent of the functional. . material and takes .its place. The freed
native constidMNSIE ?f @PHPH%&@T% té’ttg‘etege tﬁ%‘ilehiﬂyegﬁ 'ﬁ 3ﬁ%‘£ﬁlgﬁli atr%i S
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interstitial qunsuetemmatdrimlalseddn athespadasédhe samshdaride,e siopddytthat a
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20 these figures or the following figs. 5b, 5d. Fig. 5b(i) and fig. 5b(ii) show
incorporation by the filling of a vacancy, and fig. 5¢(i) and fig. 5c(ii)
interstitial placement. In all of these cases, it should be noted that a certain
mobility exists for atoms and vacancies in the functional material. Thus, even
a dense material with good barrier properties may accommodate impurities in
25 depth, i.e. beyond its first monolayer at the interface against the ferroelectric

memory material 2, through atomic and molecular rearrangement.

The strategies described above implicitly restrict the range of acceptable
manufacturing processes providing the memory cell of ferroelectric memory
material 2 either with electrodes 1a,1b including a functional material 3 or

30 alternatively with interlayers 3a,3b of the functional material 3, as well as the
materials and processes that may be chosen for creating the device as such.
Thus, harsh cleaning and coating procedures that create high incidence of
impurities or chemical and physical defects at the various layer or material
interfaces must be avoided.
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mat r i x- 20dr essalpatibieimeyther sense with both the electrode material and the memory
material. [t will also commonly be required that the functional material or the
the functional materials as used, whether distributed in the electrode material
and particularly when provided as surface layers thereof, or provided as
interlayers between the electrode and the memory material, should have a
25 high-frequency relative permittivity that is about equal to or longer than that
of the memory material so as to avoid the electrical attenuation between a
memory material and an electrode material. Although conducting, the relative
permittivity of a functional material could be appreciably less than that of the
electrode material, but preferably higher than the ferroelectric memory
30 material and this property should remain unchanged when migrating atomic
or molecular species are incorporated. Neither should the conductivity of the
functional material change upon an incorporation of this kind.

The memory circuit according to the present invention could be employed as

memory circuits in a matrix-addressable array of such memory circuits. In
35 other words they would constitute a passive matrix-addressable memory

device as shown in plan view in fig. 6a and in cross section taken along line
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menory circuit for switching a nenory cell C on and off in an addressing
operation. This would inply that the menpgy material of the nmenory cell C
in its unaddressed state 5 has no contact with any of the addressing

el ectrodes of the matrix-addressable device. Basically a nenory device of
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material in a matrix-addressabl e nenory devi Ce of

preferred embodiment of the memiory c1rcu1t according to the present
invention. In other words the functional material 3 is provided in respective
interlayers 3a, 3b which interfaces respectively electrodes 1a and 1b with the
memory material 2 sandwiched therebetween. It shall be understood that a

25 memory device of the kind shown in fig. 6a and 6b can be provided with an
insulating layer over the electrodes la (or a so-called separation layer) and
then a second similar device can be stacked on the top thereof and so on to
form a stacked or volumetric memory device as known in the prior art. It is
to be understood that electrodes 1a, 1b forming the respectively word and bit

30 lines in the memory device in fig 6a all will be connected with suitable
driving and control and sensing circuits for performing write/read operations
to the memory cells of the matrix-addressable memory device, although the
peripheral external circuitry is not shown in the drawing figures.

Providing a functional material in a matrix-addressable memory device of
35 this kind requires some attention to production detail. For instance the bit

line electrodes 1b could be located on a substrate S and initially deposited as

a global layer covering the substrate whereafter the electrodes are patterned
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el ectrodes are patterned 15 MAY 2006 15 e.g. in a standard photolithographic
process to formthe strip-like bit Iine glsectrodes Ib. Aternatively
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device, thus allowmg the integration of a single memory circuit into an array

of such memory circuits the number of which can run into tens or hundred of
millions or even more with the capacity to store the same number of bits as a
predetermined polarization state or value of each separate memory circuit.

25 Moreover, a matrix-addressable memory device of this kind can by suitable
arrangement of the external circuitry for write and read perform a write or
read operation on a hugely massive parallel scale.

Various examples of functional materials which can be used in the memory
circuit according to the invention shall now be given, with explicit

30 descriptions of functional material or interlayers thereof that are suited for
use with fluorine-containing memory materials. This emphasis is based on
the fact that certain fluorine-containing polymeric ferroelectrics, in particular
PVDF and copolymers of VDF and TrFE show particular promise as memory
materials in future data storage devices. It is also a fact that fluorine-

35 containing memory materials pose exceptional challenges due to the mobility
and chemical aggressiveness of fluorine and hydrogen fluoride in neutral as

well as ionic form.
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ferroel ectric towdr e su’r ate tonsi
deposited at high rate on almost any substrate mater1a1 subjecting the latter

20 to only mild temperature rise (room temperature deposition temperature).
Adhesion 1s good to virtually all materials of relevance in the present
context, i.e. inorganic as well as organic and polymeric materials for use as
electrodes and ferroelectrics (e.g.: metals, oxides, ceramics, plastics). Good
observed adhesion to Teflon is relevant in connection with the chemically

25 closely related polymeric ferroelectrics such as PVDF and its copolymers
with TrFE.

An important feature of DLN films is the possibility to tailor microstructural
as well as chemical properties to each given application. As an example,
consider the problem of incorporation of aggressive species that migrate

30 from the ferroelectric towards an electrode surface consisting of DLN. As
described in the above-referred literature, the DLN contains a web of
interpenetrating sub-networks. These sub-networks may be chosen so as to
fulfil different requirements of the electrode structure, i.e. structural
integrity, barrier properties, electrical conductivity and accommodation of

35 impurities from the ferroelectric memory material.
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Consi der, specifically t he structure of DLN filmas shown in frg 7. One
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sel ecti ¢8ly e¥ch PRAS BPPHCHELQPERSANS HP‘(‘&FFP vios 1em st Lyrblel sirpgiaire

in fig. 7 offers an extraordinary range of opportunities for selecting preferred
trapping mechanisms. Typically, deep traps are desired for permanent
immobilization. One way of achieving this is to provide sites inside the
electrode material that exhibit strong chemical reactivity with the impurity
25 species, e.g. fluorine, and where the reaction product remains locked into the
structure with no deleterious effects on the functionality of the electrode. In
the example here, one notes that not only dopants in the nanopore network,
but also the oxygen-stabilized silicon network itself can serve as sacrificial
reactive species in the electrode structure. For example, HF acid is known to
30 selectively etch the Si-O network in DLN (cf. V.Dorfman: “Diamond-like
nanocomposites (DLN)”, Thin Solid Films 212 267-273 (1992).

Example 2: Conducting carbide as functional material

The transition metal carbides have high melting points, show good wear
resistive properties and are chemically stable. Many of the transition metal
35 nitrides are also good conductors. Here, emphasis is made on tantalum
carbide (TaC), titanium carbide (TiC), zirconium carbide (ZrC) and hafnium
carbide (HfC). Especially TiC is of interest to combine with the present Ti
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Conducting carbide as functional material The transition netal cashMA€206myve
hi gh nmelting points, show good wear resistive properties and are chemcally
stable. Many of the transition nmetal 35 nitrides are also good conductors.
Here, enphasis is nade on tantalum carbidgqg(TaC), titanium carbide (TiC),
zirconiumcarbide (ZrC) and hafnium carbide (HHC). Especially TiCis of
interest to conbine with the present Ti 15 MAY 2006 18 el ectrodes. These
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t echni ques e. % Gactlg\/ magnetron sputtering. Methods to formgood quality
films are weld0 gelelld pedt™nd the materials are for instance, used as
diffusion barriers, wear resistive coatings, and optical coatings. Exanple
3: Condubt i ndl“}umf(ﬂlensaefthmcmat@nmll anmtypically formed gsingglavedisshazgs or

ternary oxid /
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Exanpl e 5: CopdHetd Rodd ki eac%aftfﬁge 33 tlﬁﬁf @&it?ﬁ JNi tride conpounds have
conductivities covérlngawl erang Ing the rials netallic,

sem - conducti Es . 1[| on netal nitrides
have attract eehs CHalerial s have hi gh
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stabl e. t.he tran 0 nduct ors.

Her e, errpha§F%hr?1§1uﬁ§13Ee ?‘}lbé%é’"g‘fgﬂéog&[ ﬁmgs%ntﬁ ?@Pl% ﬁ'efld@ (TiN

zi rconi um ni(USMO, Rr0) Irdnd MEdni um nitride (H N). Especi aI I y TiNis of
interest to conmbine with Ti electrodes. These conpounds forns in the NaCl
structure a ghidealsl @R cRbndERRkdiSl coval ent and ionic
bonds. The 25 TE€s [ perfection and is
typi cal | y 20 Thiganalodgs By ms of this kind are typically formed
usi ng glow discharge techniques, e.g. reactive magnetron sputtering.

Met hogs 150 f dxamgleost Quaduétyng nitikleadsefunetiondeveiteriel and the material s
are, for

| NShaNGGe compounds have conductivities covering a wide range making the
materials metallic, semi-conducting or insulating. Especially the transition
metal nitrides have attracted a large scientific interest. These materials have
high melting points, show good wear resistive properties and are chemically
20 stable. Many of the transition metal nitrides are also good conductors. Here,
emphasis is made on the group-4A nitrides; titanium nitride (TiN), zirconium
nitride (ZrN) and hafnium nitride (HfN). Especially TiN is of interest to
combine with Ti electrodes. These compounds forms in the NaCl structure
and have a complex combination of metallic, covalent and ionic bonds. The
25 resistivity depends on the crystalline perfection and is typically
20 - 30- 10"® Qm. Thin films of this kind are typically formed using glow
discharge techniques, e.g. reactive magnetron sputtering. Methods to form
good quality films are well developed and the materials are, for instance,
used as diffusion barriers, wear resistive coatings, and optical coatings. In
30 addition group-SA nitrides such as TaN, VN, NbN and group-6A nitrides
such as CrN may be used.

For relevant literature, see, e.g.: Transition metal carbide and nitrides by
Louis E. Toth, Academic Press 1971; Papers by J.E. Greene, J.E. Sundgren,
L.G. Hultman, etc.



used as diffusion barriers, wear resistive coatings, and optical coatings.
In 30 addition group-5A nitrides such as TaN, VN, NbN and group- GAMAYROGES
such as CN nay be used. For relevant literature, see, e.g.: Transition
nmetal carbide and nitrides by Louis E. Toth, Academ c Press 1971; Papers by
J.E. Greene, J.E. Sundgren, L.G Hultman,joetc. 15 MAY 2006 19 Exanple 6:
Conducti ng pol ynmer as functional material The first highly conducting

pol ymers were synthesized about 25 years ago w th the devel opnent (H.
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31 (198§) 29 ners were further
devel oped gi wagthatdhey iwadretdmamrm&sab}eocessabl e (e ) poI yani |l i ne
dodecyl benzenesul fonic acid, 20 PANI DBSA) and sol ubI e (e.qg.
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in the doped state. i ng poI ctivities ranging
from 102(?) ths ma;e@ (bo&a ub Qfablenw Ml ylg%l (FhgERs Yere

appl i cations. a@é@%';ﬂﬂ?thl@pﬁmgiﬂﬁg%ﬁly? Qﬂcy@tfh%pllﬁ@ﬁd)c(%'ATT)itIQfsbﬂhhtlBE Thi s
i ncl udes Ti Si 2 8: er t gle%é% functi 32‘? erlkal These incl ude
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In the years to come the conducting polymers were further developed giving

material that were processable (e.g. polyaniline dodecylbenzenesulfonic acid,
20 PANI DBSA) and soluble (e.g. poly(ethylenedioxythiophene) with

polystyrenesulfonic acid, PEDOT-PSS) also in the doped state. Today

conducting polymers with conductivities ranging from 10%(?) to 10° (Qcm)™

are commercialized for large number of applications.

Example 7: Conducting silicide as functional material
25 This includes TiSi,

Example 8: Other types of functional materials

These include graphitic carbon, fullerenes such as C60 (buckminster
fullerene) and substances with a cyano entity (CN) as a functional group.

In the memory circuit according to the invention the memory material in the
30 memory cell is preferably a ferroelectric or electret memory material. This
material advantageously can be polyvinylidenedifluoride-trifluoroethylene
(PVDEF-TrFE) which presently can be considered the most widespread and
best understood polymer memory material. The memory material shall be
interfaced between electrodes to form a complete memory circuit and these



30 nenory cell is preferably a ferroelectric or electret nmenory material .
This material advantageously can be 15 MAY 2006
pol yvi nyl i denedi fl uoride-trifluoroethylene (PVDFTrFE) which presently can
be considered the nost wi despread and best understood pol ynmer nenory
material. The nmenory material shall be ingerfaced between el ectrodes to
forma conplete nenory circuit and these 15 MAY 2006 20 el ectrodes are
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functional materi al scp be ? osi ted on
stages. The deposition of more than one

ncPlona{TE aterlal can then take
place in different process stages resulting in a stratified or graded
distribution of these materials in a portion of the electrode material adjacent
to its surface where a subsequent deposition of the memory material can take

25 place by spin- or dip-coating processes. Since the memory material with its
low melting point now is deposited on a solidified layer of electrode material
incorporating one or more functional materials, there usually will be no
problems in a subsequent process step with either thermal or chemical
compatibility. However, when a second electrode e.g. 1b with one or more

30 admixed functional materials shall be deposited on the polymer memory
material, special care should be taken to avoid this further deposition process
having detrimental influences on the already provided polymer memory
material. Thus physical or chemical vapour deposition involving a low
thermal input flux into the polymer material should be used when forming

35 the initial film of either electrode or functional material on the surface of the
polymer memory material. For instance, the input of thermal energy to the
polymer memory material in this stage could be kept well below a certain



material, special care should be taken to avoid this further deposition
process having detrinmental influences on the already provi ded palsyMBY 2006
menory material. Thus physical or chem cal vapour deposition involving a
low thermal input flux into the polyner material should be used when
formng 35 the initial filmof either elecirode or functional material on
the surface of the polynmer nenory material. For instance, the input of
thermal energy to the polymer nmenory material in this stage could be kept
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Si nce, however, the conducting polynmer will be chemcally different from
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particles between eit revent i'on o a’maj or obje
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can be incorpor in e ereo such
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charge transfgf, fupnk MIFmdrad thBQofeelebdde hestRI o e. thus avoiding metallic

20 electrodes all together. Since, however, the conducting polymer will be
chemically different from that of a polymer memory material, there may still
be a possibility of a deterioration of either due to migration of mobile
charged and/or neutral particles between either, the prevention of which
being a major objective of the present invention. Hence in the case of

25 employing electrodes of conducting polymer material only, the functional
material advantageously can be incorporated in electrodes of this kind as
dopants thereof, such that the electrodes now completely integrate the
required conduction and charge transfer functions with the desired effects of
a functional material, viz. the incorporation of atomic or molecular species

30 contained in either the electrode material or the memory material and prone
to migration therebetween.

Finally it should be noted that it also may be possible to avoid complications
involved in a conventional metallization or deposition process for refractory
electrode material by providing the second electrode with a functional

35 material either incorporated or with one or more surface layers thereof in the



a functional material, viz. the incorporation of atomc or nol ecul ar species
30 contained in either the electrode nmaterial or the nenory mater iaManzhoe
prone to mgration therebetween. Finally it should be noted that it al so
may be possible to avoid conplications involved in a conventional

metal lizati on or deposition process for reppactory electrode material by
provi ding the second el ectrode with a functional 35 nmaterial either
incorporated or with one or nore surface |layers thereof in the 15 MAY 2006
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(2) for polarizing an unpol arized nenory cell, or inducing a swtching
between a pol arization state of the nmenory cell and the opposite 15MAY 2006
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functional mai@ranédnd-Bkelgindgopipusit@atiin-film material, a conducting carbide
material, a conducting oxide material, a conducting boride material, a
20 conducting nitride material, a conducting silicide material, a conducting
carbon-based material, or a conducting polymer or copolymer material, said
at least one functional material being capable of physical and/or chemical
bulk incorporation of atomic or molecular species contained in either the
electrode material or the memory material (2) of the memory cell and
25 displaying a propensity for migrating in the form of mobile charged and/or
neutral particles from an electrode material into the memory material (2) or
from the latter into the former, whereby an adverse effect on the functional
properties of either the electrode material or the memory material (2) of the
memory cell can be offset.

30 2. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said at least one functional material (3) either separately or
in conjunction having electrical and/or chemical properties compatible with
those of the electrode material.



evenly distributed in the electrode material. 15 7. A ferroelectric or

el ectret menory circuit (C according to claiml, characterized isMA¥Xi2doat
| east one functional material (3) being provided in a portion of the

el ectrode material extending to a surface of said at | east one el ectrode
(la;1b) and contacting the nmenory materialpg2). 8 A ferroelectric or
electret nenory circuit (C according to claim7, 20 characterized in two
or nore functional materials (3) being provided in respective separate
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| east one fu "i‘)‘f‘?ﬁpzﬁ‘gtlérsi‘“a‘fat(%)asjbgﬁq‘ﬁgmb?tb(mag]é’amieﬁlatfZ?]gEBYI%? éeléﬁy ace
layers (3a; Jermiftiviéy dbait t@adttowiegrebtetthan ehdtl of {he)mearirgt Abteorad (2). nore
surface | ayers (3a;3b) being provided as one or nore interlayers between

said at |easty one &'f@fﬁfep&%ﬁe'&;él@éu@mﬂe&@ mw%@?a@s&ah?ém égainf\l,
ferroelectric or electret menory circuit C) according to claim9g, .

char act efi zedhamacterizod insaid ﬁU%@St one fumetiendl anatef ) %Ebhﬁgmﬂ dveladiyein
respective t rﬂ{ittm&‘?ttﬂd('lté%hla%{@éébét§ﬁﬁéﬁyﬁhcﬂ?ﬂgeé@g%ﬂ-in@bx&ﬁfrﬁﬁ@h%‘ftsﬁidé or

el ectret menory circ i according to tlaim 17 aracterized 1 n sal
conducti ng catbmde oraneleculars@estysone or nore of the follow ng, viz.

tantal um carbi de, titanium carbide, zirconiumcarbide, or hafnium carbide.
15 MAY 2006 2% 12,A/fef1©l‘elfgﬁﬁe@rrdlgct%t mbﬁﬁiryeiirdmg((ﬂ)/acddrdu}lg ;c)c( Saiactor di ng
to claiml, har act.eri.zed i i d conduct i ng,oxide. ial being one or
nore of the Cﬁ’ﬂf?éﬂlﬁﬁq lgisﬁ!§5€ﬁéﬁ§°’6?<'% 10 Fﬂ%‘ﬁ;&laﬁ#ﬁ@%,vl%%ed or undoped
bi nary 10xi dendectigiyeataoreratopubstatiziyyumctiabged WpoBincArperatmel efsaidc or
el ectret rrermr%; circult gq according to claiml, characterized in said
conduct i ng botPBEC PRk SPRE!Sne or more of the following, viz. hafnium

bori de, zirconium boride, or chromumboride. 14. A ferroelectric or
electret nmendry ciAdarmoctagyrigssaectigt memergicicnit (Chageqrding sealaim Lai d

conduct i ng ni g BbEh 3hid5 T@SPBE%‘Pﬁn&%r?al%aﬂePﬁl 19) beldO¥idded i 2.

titaniumnitride, zircontumnitride, hatntumnitride, tantalu nitride,
vanadi um ni t ravealy dissgbutgdhin thegelegrodamatetigl-ni tri de. 15. A ferroel ectric
or electret nenory circuit (C) according to claim1, characterized in said
conduct ilsg sil.i ci de fembeldcaticlveielgctrétt mpmaonry Siitdudi (@) adéording 6o chadimettric or

el ectret memopy circuit .(C) . accordin oclaiml, 15 acterized in said
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portion of the electrode material extending to a surface of said at least one
electrode (1a;1b) and contacting the memory material (2).

8. A ferroelectric or electret memory circuit (C) according to claim 7,
20 characterized in two or more functional materials (3) being provided in
respective separate strata of said portion of the electrode material.

9. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said at least one functional material (3) being provided in
one or more surface layers (3a; 3b) of said at least one electrode (1a;1b), said
25 one or more surface layers (3a;3b) being provided as one or more interlayers
between said at least one electrode (1a;1b) and the memory material 2.

10. A ferroelectric or electret memory circuit (C) according to claim 9,
characterized in two or more functional materials (3) being provided in
respective two or more interlayers (3a,4a;3b,4b).

30 11. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said conducting carbide material being one or more of the
following, viz. tantalum carbide, titanium carbide, zirconium carbide, or
hafnium carbide.



the follow ng, viz. graphitic carbon, fullerenes or substances mhggegﬁﬁgf
(CN) entities. 17. A ferroelectric or electret nmenory circuit (C @@
to claim1, characterized in the conducting polymnmer or copolymnmer materi al
bei ng 20 sel ected as one or nore of the fqllow ng, viz. doped pol ypyrrole
(PPy), doped derivatives of polypyrrole (“PPy), doped polyaniline, doped
derivatives of polyaniline doped polythiophenes and doped derivatives of
ectric or elect cui cordi ng

pol yt hi ophen e a
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pol yvi nyl i de fluoride PVDF | idene wit i ol ynmers,
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(PVDF- Tr FE) , oxddes)wrizkyped omyhdoysed t:mldammtidee.d nylons with any of their
copol ymers, cyanopol yners, and cyanopolymers w th any of their copolyners.
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function belng provi nmenory circui means
of physical ontredegmasadivapatnidelepgobiumontrode ar sbtamiwn-masdel  process. 21.
A ferroelectric or electret nenory circuit (C) according to claim?20, 10

characterizedsn tAo%rrbeﬁ:cmmxeléa}arm@ino@)cuchhe(d) s&doraith fLERME 1,
t hus realjZing the

el ectrode (1la;lb) e n clrcuit
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menory circuit (C) according to claiml, 15 characterized in that a
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17. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in the conducting polymer or copolymer material being

20 selected as one or more of the following, viz. doped polypyrrole (PPy), doped
derivatives of polypyrrole (PPy), doped polyaniline, doped derivatives of
polyaniline, doped polythiophenes, and doped derivatives of polythiophenes.

18. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in the ferroelectric or electret polymer memory material being

25 selected as one or more of the following, viz. polyvinylidene fluoride
(PVDF), polyvinylidene with any of its copolymers, ter-polymers based on
either copolymers or PVDF-trifluoroethylene (PVDF-TrFE), odd-numbered
nylons, odd-numbered nylons with any of their copolymers, cyanopolymers,
and cyanopolymers with any of their copolymers.

30 19. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in the electrode material being selected as one of the following
materials, viz. aluminium, platinum, gold, titanium, copper, or alloys or
composites thereof.



electrodes (la;lb ) formportions of first and second el ectrode
respectively, each el ectrode neans conprising a plurality of par QEWY%R%
strip-like electrodes (I a; Ib) with the electrodes ( |Ib) of the second

el ectrode neans being oriented at an angle, preferably orthogonally, to the
electrodes (la) of the first el ectrode me&ns, and that the ferroelectric or
electret thin-filmglobal layer (2) is sandw ched therebetween, such that
the nmenory 25 cells, of the nenory circuits (C) are.defined in the thin-film
gl obal | ayer %) Aatfeltrﬁéf‘?&ﬁ‘agéﬁrr?é%‘)tbqt m@‘glﬁé}fgi'zﬁélll&&m“éﬁg&% Hbl%tal 1%: | b) of
the first el eHatfderiz6® M sh@htbrhbs, ﬂllae&ﬁdlqc!%emdg hevideddndheleenoege neans,
wher eby the array % mem)aﬁé ﬁ():]ércui.téilﬁ( C% for %4 tge el.ectrode neans and
the gl obal | &y dy) byme RBYSICHeterhemicd] YAPPHEARRATFON U PX MC2RF| zes
an integrat e fipinl ¥edgfcorting pracebses skl dedteodoelaetinl being plovidedin therory
devi ce V\Eerei n the ad re@)i[ﬁg of re&p&ﬁgiv«? rrermrnﬁFctel |s for wite and,read
operat i ons t dREMOBY SHEUS; m{anst S1qal o1 |G ngFd KPP AS RO Rl i
sui tabl e connagd hoteastohb fanteonsll matertali(8) pefmy proviidedgn thomtembryaocuit
detection. (C) by means of physical or chemical vapour deposition or a solution-based

process.

21. A ferroelectric or electret memory circuit (C) according to claim20,

10 characterized in that the memory material (2), the first and second electrode
(1a;1b) and, if appropriate, said at least one interlayer (3a,3b) all are
provided as thin films in the memory circuit, thus realizing the latter as a
substantially thin-film device.

22. A ferroelectric or electret memory circuit (C) according to claim 1,

15 characterized in that a plurality of such memory circuits (C) forms the
memory circuits in a matrix-addressable array, that the memory cells of the
memory circuits (C) form distinct portions in a global layer (2) of a
ferroelectric or electret thin-film memory material, that the first and second
electrodes (1a;1b) form portions of first and second electrode means

20 respectively, each electrode means comprising a plurality of parallel
strip-like electrodes (1a;1b) with the electrodes ( 1b) of the second electrode
means being oriented at an angle, preferably orthogonally, to the electrodes
(1a) of the first electrode means, and that the ferroelectric or electret
thin-film global layer (2) is sandwiched therebetween, such that the memory

25 cells of the memory circuits (C) are defined in the thin-film global layer (2)
at the crossings of respectively the electrodes (1a;1b) of the first electrode
means and the electrodes of the second electrode means, whereby the array of
memory circuits (C) formed by the electrode means and the global layer (2)
of the memory material with the memory cells realizes an integrated passive

30 matrix-addressable ferroelectric or electret memory device wherein the
addressing of respective memory cells for write and read operations take
place via the electrodes (1a;1b) of the electrode means in suitable connection
with external circuitry for driving, control and detection.



