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being spontaneously polarized to either a positive or negative permanent

20 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
in the absence of externally imposed electrical fields. The polarizable
materials have hitherto typically been ferroelectric ceramics, and the writing,

25 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
polarization, depending on its prior electrical history. During normal
operation of the device in question, the ferroelectric may be subjected to

30 electrical field stress of a prolonged or repeated nature and/or numerous
polarization reversals. This may cause the ferroelectric to suffer fatigue, i.e.
deterioration of the electrical response characteristics required for normal
operation of the device. Fatigue is characterized by a reduction of the
remanent polarization, which in turn results in a reduced switching current - - -

35 signal upon induced polarization reversal. Also, the fatigue process is
sometimes accompanied by an increased coercive field, which makes the
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20 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 charged 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

25 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, which neutralize the
oxygen vacancies that arrive at the electrode/ferroelectric interface.
Examples of candidates for electrode materials in the case of oxide

30 ferroelectrics such as PZT are RuO,, StRuOs, indium tin oxide (ITO),
LaNiOs, lanthanum strontium cobaltate (LSCO) and yttrium barium copper
oxide (YBCO). An alternative to the above-referred 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 ‘

35 stoichiometries. This approach has been used on PZT by introducing donor
dopants such as Nb which substitute into Zr or Ti sites and neutralize the
oxygen vacancies.
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20 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 chemistry and in the basic
ferroelectric properties (e.g. displacive vs. permanent dipoles). Hence, the
present applicant in international published application W0O02/43071 has

25 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 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

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

35 phenomena, i.e. the exchange of for instance ionic species between the
electrodes and the memory material not only may be detrimental to both, but
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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

20 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 of the memory cell and displaying a
propensity for migrating in the form of mobile charged and/or neutral
particles from an electrode material into the memory material or from the

25 latter into the former, whereby an adverse effect on the functional properties
of either the electrode material or the memory material of the memory cell
can be offset.

In the present invention it is considered advantageous that said at least one
functional material either separately or in conjunction respectively has

30 electrical and/or chemical properties compatible with those of the electrode
material; a relative permittivity about equal to or greater than that of the
memory material; a relative permittivity that remains substantially unchanged
upon incorporation of said atomic or molecular species; and a conductivity
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Advantageously said at least one functional material is selected as one or

more of the following, viz. a diamond-like nanocomposite thin-film material,
a conducting carbide material, a conducting oxide material, a conducting

20 boride material, a conducting nitride material, a conducting silicide material,
a conducting carbon-based material, or a conducting polymer or copolymer

material.

In that connection a conducting carbide material can be one or more of the
following, viz. tantalum carbide, titanium carbide, zirconium carbide, or

25 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
conducting nitride material one or more of the following, viz. titanium

30 nitride, zirconium nitride, hafnium nitride, tantalum nitride, vanadium
nitride, niobium nitride or chromium nitride; a conducting silicide material
can be titanium silicide; or a conducting carbon-based material one or more
of the following, viz. graphitic carbon, fullerenes or substances with cyano
(CN) entities.
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dip-coating processes, the electrode material being provided in the memory
circuit by means of physical or chemical vapour deposition, and said at least
20 one functional material being provided in the memory circuit by means of
physical or chemical vapour deposition or a solution-based process.
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
25 device.

Advantageously a plurality of ferroelectric or electret memory circuits
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

30 and second electrodes form portions of first and second electrode means
respectively, each electrode means comprising a plurality of parallel
strip-like electrodes with the electrodes of the second electrode means being
oriented at an angle, preferably orthogonally, to the electrodes of the first
electrode means, and the ferroelectric or electret thin-film global layer is

35 sandwiched therebetween, such that the memory cells of the memory circuits
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he
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i nvent ijgn, ?(ﬁséllogedz}n@rfmrmfy circuit according to a variant of the second
preferred

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,

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

figs. Sa-e generically certain different modes of ion incorporation a
functional material,

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

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

fig. 7 schematically the structure of a functional material in the form of a
30 diamond-like nanocomposite (DLN) film as used in the present invention.



enbodi nent of the present invention, figs. 5a-e generically certain
different nodes of ion incorporation a functional material, fig. 6a a plan
vi ew of awoaBni48enddr essabl e menory devi ce conprising 25PaEMI0R/00437cui ts
according to present invention, fig. 6b a cross section of the device in
fig. 6a taken along the line x-x, fig. 6¢c8detail of a menory circuit of the
device in fig. 7a and corresponding to the enbodinent in fig. 3, and fig.
7 schematically the structure of a functional material in the formof a 30
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03/044801 PCEHMDZLARH3E B eJé(}?cr BEE&ARIHRY SRubArel Bt BRBE6At mbased on

I ntroduci ng I nto the nepor generic capacitor-| jaﬁe
1% he

_ t ichis
structure, anatesipdisughdhatiidntesfanes thaelesisgt Qi iChaaleqirictMERIOEY ARRlgE

el ectret or JLfHOEhEGMAH GndER NedRb&ES 6f theoBaaeetop!lkatrdctanes bhehe
structures on t nce, t he

el ectrodes of the capacitor-1lik he 5. oth hand.

at Ieasg pné)thﬁhgfm&lngpn%ﬁé? F“éfea%ﬂpﬁ fiaction ﬁgf‘?eﬂf’éﬁtou?‘ipetah%oréﬁ%ﬁ}}??‘bdes.
The fgnct I Oftﬁ'tél@?él_@éﬂr@ﬁeé.sl“@ fgicgtionall hyatepiat uctleogiciity comduaimy enday be
viewed as an,a

tional, el ectrod terj.al jn t tor- lik .
structures. t?b(ﬁrq Hﬁ%maé’nlf’e é{_f‘?‘?’?r’cgﬁfe @%Bcﬂ‘fc%{lgﬁﬂfc&fef)ﬁgfig%g? Elrliagir‘n |ﬂ?16| 8%&%1?0&1 to
R B s e e et o
the el ectr otOHPE eﬁ%qtpggﬁgcctoplﬁ&lcﬁﬁgép ?{lﬁteﬁilﬁﬁslf"e%’g%apotflr? Hﬁgé'?gegc@ro?éét%fliné d
?ﬁ; ng :cllﬁpos etk gﬂfiruufme cegpirc i dric dridemtstl spetiesahai mligMe étantthedéectost arnder

i nfl uence o oncentratiopn~ara -
the or e dorErrisleSRRAENG TheIRAEERE; PERe sfitElq BEOrTmpRRal SRl O
i OBS or n_eutaaqjacﬂtﬁréﬂmcsktesctum(Eiqo‘TIEcdeetmdes of mndestha indlugncearf by
substitution IO . e ' . A 2
mat eri al , OrC(%{}:le.?l iﬁ?gﬁ%ﬁ éﬁ%ﬁg isgétuaﬁ%% %gﬁlgg;ﬁ%% ﬁgﬁ%é&g%;?%act I ve
speci es pur pbeserption fot falkre, sumh capitate podeneirpocatiewr Of 012 gbnpwYal ble. In
all caggs t efcﬂctﬁkgﬁﬁhcé@ﬁﬁéf HeesdtRl Al ro?"@ ﬂ;lﬁkﬁﬁﬁ'éh%@'eﬂt&m@@@?m?' ng. 20
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processi ng applications, as sho ' .circuit 'CIC% ri ses
sha

nfrqg. 1,
electrode structure is also possible. %n all cases the funcCtional materia

remain electrically conducting.

20 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
processing applications, as shown in fig. 1. The memory circuit C comprises
first and second electrodes 1a;1b interfacing a memory material 2, in this

25 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
may affect or interrogate its polarization state. Although claimed to be
generally applicable for organic and polymeric electrets and ferroelectrics,

30 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
encompass classes of materials that appear of particular relevance for future
devices of interest.

35 Based on experimental and theoretical evidence, the inventors have found
that a generally recurring, ubiquitous and dominant mechanism for fatigue



first and second electrodes 1 a;1 b interfacing a nenory material 2, in
this 25 case a ferroelectric polynmer sandw ched between two electrodes in a
paral | el -wbasm44sapaci tor-1ike structure. By applying a volPCageoiogsal
between the electrodes, the ferroelectric polyner is subjected to
electrical fields that may affect or intérogate its polarization state.

Al t hough clainmed to be generally applicable for organic and polyneric
electrets and ferroelectrics, 30 the subsequent discussion shall fprl marily
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render them lonlévelsti onal by reducing their conductivity to unacceptably
|l ow | evel s. 15 Thus, ferroelectric activity is lost by secondary effects
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These defects, (e.g. ionic species) may either be present a priori as foreign
20 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
manufacturing of the memory cells or subsequent electrical or mechanical

stresses relating to the operation of the devices.

25 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
referred inorganic ferroelectric memory films where volatile constituents,
e.g. oxygen in PZT, are lost during the switching of the ferroelectric. In

30 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.

According to an embodiment of the present invention, the electrodes
contacting the ferroelectric are prepared so as to capture e.g. ions arriving at
35 the electrode/ferroelectric memory material interface, and to incorporate said



manuf acturi ng process, or be derived fromthe degradation of the
ferroelectric due to various forns of stress occurring during the

manuf act Wwong/oofsot he nmenory cells or subsequent el ectri calPCamNOmohani cal
stresses relating to the operation of the devices. 25 The renedi es found
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i nterface, vnicohpahienveBens 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
20 damage. Finally, good barrier properties provide protection against
penetration of chemically aggressive impurities from the bulk ferroelectric
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.
25 pressure being exerted by evolved gas).

Fig. 2 shows a first preferred embodiment of a memory circuit according to
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.

30 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
surface of the electrode 1a;1b contacting the ferroelectric memory material 2
of the memory cell in order to have the intended effect. In this case two or
more functional material can be provided in respective strata of this portion,

35 i.e. provided in a stratified arrangement in the electrode material. From the



could create a non-conducting barrier |ayer and even cause structural 20
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5 These | niriliging Sal Shicl 670 BeRaAPEIGAT Bek neanofiie wGerT Ba a; |
and the menwlyctarbecbatiuetivithéonic species that migrate to the electrodes 1a,1b from

20 the ferroelectric memory material 2 of the memory cell C. A highly
conducting electrode material forms the electrodes 1a;1b and provides good
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

25 material 2. The ion trapping layers 3a;3b exhibit good barrier properties
against the ionic species such that penetration and chemical attack on the
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

30 widening the range of electrode materials that may be used and improve
performance and/or manufacturability. For instance may the interlayers 3a;3b
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.

35 A variant of the second preferred embodiment of a memory circuit according
to the invention is shown in fig. 4, depicting the use of two separate
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20 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
depth, i.e. beyond its first monolayer at the interface against the ferroelectric
memory material 2, through atomic and molecular rearrangement.

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

30 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.

Clearly, there must be a limit to the amount of impurities that can be
incorporated into the electrode structure before it starts to lose its desirable
35 properties. However, it is worth noting that extension of device life, not



and 5c. Substitution, as shown in fig. 5a (i) and fig. 5a (ii) inplies that
the 15 inpurity dislodges a native constituent of the functional naterial
and takeswoio®44sbace. The freed native constituent in itsPCOMNORAY3IM grat e
to another site where it is bound anew, e.g. by any of the mechani sns
depicted in either this figure or the fd3 ow ng figs. 5a,5b. Fig. 5b(i)
and fig. 5b(ii) show incorporation by the filling of a vacancy, and fig.
5¢(i) and fig. 5c(ii) 20 interstitial placenment. In all of these cases, it
shoul d be ndtesessasdy iafinétet@ing torfeHure.tiy velxatss sopght B?fomm@ﬁﬁcaﬁééaﬁdii@s in

the functiongly iRy edt8hcesliteSmaky blé’m%ﬁy?'%er@ieefd 2 ugfé aﬂat'flﬁ{ bEer

propertles my accomo ate | uritres 1 n ItS fIrSt
nonol ayer atMv&itieH efigHEsinggEPAsthe matgral ﬁéé‘n@tﬁsiﬁ @r dﬁ*éh%rrgkarhbaﬁaé Yrang 2,

; Bgoggh alt o?rtéf@a?egoéﬂr&g{wt t lﬁﬁaﬁa%@%ﬁﬁﬁ@dmt@é elth@r $4 Ftl@éf @wtc%d@eéﬁ fih Red

ve | I ClI Yy ran acce uraccour,l n esses
provi di E‘S t FEPREATD ALt @yer &ISf@W@@}l%FPWSﬁB%Wl&@F&nEﬂf@ é%& E@ﬁ%th
el ectrodes g@ré@om ¢ltHeidegice foinet &araliedpetiodaheieadter. @l ternatively with
interlayers 3a,3b of the functional material 3, as well as the materials

and pr ocesseRat 1thaORYoID € BRERo Al FR o Ful i Eiafe Y63 2Bt R ThUS.

harsh cl eaning an ng procedures crea I nci nce

i mpurities @rndécbiedn@’aicaénmiopmms(mmmﬁdct\slthtthmwﬁéha elgstrodgenatsrial
material i r dad,, qto the
amount of %ﬁ &?§e§p {IESSEHQ%G%YIQIG nc%&hg?g%ygﬁaﬁ&%lhe ol %gtl gg%ﬁﬂg%r ucture
bef or e19t st stributed [ she elestinglsi matﬂreal @5spr opdnes kayer tookopér Thet is worth

hoting that ﬁﬁnltjf‘d&%loﬂmsq;arﬁ@iﬂafcrgr *Haft?he T@ﬂm%ﬂﬁ%%%@%hme%ﬁgﬂw 13

necessarlly Inite ti'ne ure I'S sqQu or 1 n nost " cases.

Also, in mesynpatshlanvel regardbeth t@rtb@wéwﬁﬁ@e Breat@u@ 2 arfernpelgadric or

popul ation Qfectt&PUEhidrm i, nlihisr!ﬂsé h%ﬂﬂsﬁﬁaﬂﬁieefdrfﬂtﬁ)n%y RideshBaRer
devi ce manufacturin pfocess.. We qﬂ acco dat egggl her in the
S

el ectrode, ARCPEPOFA Oﬁ@ﬁdﬁﬁfétlpﬁtaé‘Pmé‘j/@F M BFEHCS RO B be a

probl ens perellréét%cnveglrﬁettéﬁhleprmroatth@mn&ﬁo{cmlad@ﬂalcﬁﬂfl@hoam exhended period
ional materjal .or terials should have

ol ectrical ARG i ”S%aqn«i;&wﬁ | LR HISH AN} RATHCHIPIY, BRRCETAS he
el ectrode W&Joﬁﬁ aibleaiﬁcbltﬂyr%eﬁp@wlﬂﬁbom&fep@eburuee platefial bed tmélme‘m@gt i onal
ool 1 el el ies i e olestiade i o ks e,
mat eri al shaht foectibeal matdrjals as used, whether distributed in the electrode material
20 and particularly when provided as surface layers thereof, or provided as
interlayers between the electrode and the memory material, should have a
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
25 permittivity of a functional material could be appreciably less than that of the
electrode material, but preferably higher than the ferroelectric memory
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.

30 The memory circuit according to the present invention could be employed as
memory circuits in a matrix-addressable array of such memory circuits. In
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
X-X in fig. 6b. The memory device is termed a passive matrix device since

35 there are no switching transistors connected to a memory circuit for
switching a memory cell C on and off in an addressing operation. This would
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20 1nterlayers 3a which interfaces respectively electrodes 1a and 1b with the

memory material 2 sandwiched therebetween. It shall be understood that a
memory device of the kind shown in fig. 6a and 6b can be provided with an
insulating layer over the electrodes 1a (or a so-called separation layer) and
then a second similar device can be stacked on the top thereof and so on to

25 form a stacked or volumetric memory device as known in the prior art. It is to
be understood that electrodes la, 1b forming the respectively word and bit
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

30 peripheral external circuitry is not shown in the drawing figures.

Providing a functional material in a matrix-addressable memory device of
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
35 e.g. in a standard photolithographic process to form the strip-like bit line
electrodes 1b. Alternatively parallel recesses with a cross section
corresponding to an electrode 1b could be formed in the substrates and then
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the electrode material, a physical or chem cal vapour ep03|t|ofn can be
enpl oyed t o 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.
Moreover, a memory matrix-addressable memory device of this kind can by
suitable arrangement of the external circuitry for write and read perform a
write of read operation on a hugely massive parallel scale.

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

30 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-
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.

35 Example 1: Electrodes with a diamond-like nanocomposite (DLN) film
During recent years, a new type of films have been developed where very
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20 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

closely related polymeric ferroelectrics such as PVDF and its copolymers

with TrFE.

25 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 from
the ferroelectric towards an electrode surface consisting of DLN. As
described in the above-referred literature, the DLN contains a web of

30 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
impurities from the ferroelectric memory material.

Consider, specifically the structure of DLN film as shown in fig. 7. One
35 network consists of predominantly Sp3 bonded carbon stabilized by hydrogen,
constituting a structural backbone. Another network consists of silicon
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20 immobilization. One way of achieving this is to provide sites inside the
electrode material that exhibit strong chemical reactivity with the impurity
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,
25 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
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
30 The transition metal carbides have high melting points, show good wear
resistive properties and are chemically stable. Many of the transition metal
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
35 electrodes. These compounds forms in the NaCl structure and have a

complex combination of metallic, covalent and smaller amounts of ionic



WO 03/ 044801 PCT/ NO02/ 00437 17 stabilized by oxygen, intertwined with the
C-H network and together with the latter providing nechanical strength and
barri er pwopansdises for the overall electrode structure. Phairmdogjoo43nere is
a network of dopant el enents or dopant conpounds with el enents sel ected
fromgroups 1-7b and 8 of the periodic 518ble. These dopants are
accommodated in a network of nanopores fornmed in between the other two
networks and are in this case a netal at a density above the percol ation
linit, provikindg. dheaesistiaitycteptndsion thyg ciistadlint perfeetionmadpartypisally
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stable. Many of the transition metal nitrides are also good conductors. Here,

emphasis is made on the group-4A nitrides; titanium nitride (TiN), zirconium
20 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
resistivity depends on the crystalline perfection and is typically
20 - 30-10"® Qm. Thin films of this kind are typically formed using glow
25 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
addition group-5A nitrides such as TaN, VN, NbN and group-6A nitrides
such as CrN may be used.

30 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.

Example 6: Conducting polymer as functional material

The first highly conducting polymers were synthesized about 25 years ago
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material that were processable (e.g. polyaniline dodecylbenzenesulfonic acid,
Pani DBSA) and soluble (e.g. poly(ethylenedioxythiophene) with
polystyrenesulfonic acid, PEDOT-PSS) also in the doped state. Today
20 conducting polymers with conductivities ranging from 10%(?) to 10° (Qem)™

are commercialized for large number of applications.

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

Example 8: Other types of functional materials
25 These include graphitic carbon, fullerenes such as C60 (buckminster
fullerene) and substances with a cyano (CN) as a functional group.

In the memory circuit according to the invention the memory material in the
memory cell is preferably a ferroelectric or electret memory material. This
material advantageously can be polyvinylidene-trifluoroethylene

30 (PVDF-TrFE) which presently can be considered the most wide-spread
polymer and best understood polymer memory material. The memory
material shall be interfaced between electrodes to form a complete memory
circuit and these electrodes are usually metallic, preferably made of
aluminium, platinum, titanium, copper or alloys of composites of these. The
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can be p o | yvidyliid§A% fm{lgf’&lége ek PP6cess deposited by physical or chemical
vapour deposition as before, whereafter a functional material is added in
increasing amounts in following process stages. The deposition of more than
20 one functional material 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 place by spin- or dip-coating
processes. Since the memory material with its low melting point now is
25 deposited on a solidified layer of electrode material incorporating one or
more functional materials, there usually will be no problems a subsequent
process step with either thermal or chemical compatibility. However, when a
second electrode e.g. 1b with one or more admixed functional materials shall
be deposited on the polymer memory material, special care should be taken to
30 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 the initial film of either electrode or
functional material on the surface of the polymer memory material. For
35 instance, the input of thermal energy to the polymer memory material in this
stage could be kept well below a certain value to avoid build-up of thermal
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conducting polymer as the sole electrode material, i.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
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electrode material or the memory material (2) of the memory cell and
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

20 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.

2. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said at least one functional material (3) either separately or

25 in conjunction having electrical and/or chemical properties compatible with
those of the electrode material.

3. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said at least one functional material (3) having a relative
permittivity about equal to or greater than that of the memory material (2).

30 4. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said at least one functional material (3) having a relative
permittivity that remains substantially unchanged upon incorporation of said
atomic or molecular species.
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provi ded charactenzed 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
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.

20 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).

11. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in said at least one functional material (3) being selected as one
25 or more of the following, viz. a diamond-like nanocomposite thin-film
material, a conducting carbide 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.

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

hafnium carbide.



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

el ectret nenory circuit (C according to claiml1l, characterized in said at
| east onewbuwnosdisonal material (3) being provided in a 10Pp®MOo00437 t he

el ectrode material extending to a surface of said at | east one el ectrode
(1 a; | b) and contacting the nenory mate2bal (2). 8. A ferroelectric or

el ectret nenory circuit (C according to claim7, characterized in two or
more functional materials (3) being provided in respective separate strata
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ferroelectric, or glect i
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the following, viz. graphitic carbon, fullerenes or substances with cyano
(CN) entities.

18. A ferroelectric or electret memory circuit (C) according to claim 11,
characterized in the conducting polymer or copolymer material being selected
20 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.

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

25 or oligomer material, or blends or composites comprising materials of this
kind.

20. A ferroelectric or electret memory circuit (C) according to claim 19,
characterized in the ferroelectric or electret polymer memory material being
selected as one or more of the following, viz. polyvinylidene fluoride

30 (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, cynopolymers,
and cynopolymers with any of their copolymers.



foll owi ng, viz, hafniumboride, zirconiumboride, or chrom umboride. 15. A
ferroelectric or electret nenory circuit (C according to claim 11,

char act erwpad/oi4sosai d conducting nitride materi al bei ng oReTANOMDO4370f t he
10 following, viz. titaniumnitride, zirconiumnitride, hafniumnitride,
tantalumnitride, vanadiumnitride, niobidmnitride or chrom umnitride.

16. A ferroelectric or electret memory circuit (C) according to claimll,
characterized in said conducting silicide material being titani um si_licide.
17. A ferroeRéct r Acfaroeleetric er elpstist manpousircyic) Cacscspuiing toclaimilm 11,
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substantially thin-film device.

24. A ferroelectric or electret memory circuit (C) according to claim 1,
characterized in that a plurality of such memory circuits (C) forms the

20 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
respectively, each electrode means comprising a plurality of parallel

25 strip-like electrodes (1a;1b) with the electrodes (4b) 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
cells of the memory circuits (C) are defined in the thin-film global layer (2)

30 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 realize an integrated passive
matrix-addressable ferroelectric or electret memory device wherein the

35 addressing of respective memory cells for write and read operations take



circuit (C by neans of physical or chem cal vapour deposition or by neans
of spin- or dip-coating processes, the electrode material being provided in
the nmenowgosiosesait (C) by means of physical or chem cal wapogo2@desosition,
and 10 said at |east one functional material (3) being provided in the
menory circuit (C) by means of physical o#7 chenical vapour deposition or a
sol ution-based process. 23. Aferroelectric or electret nmenory circuit (O
according to claim 22, characterized in that the nmenory material (2),. the
first and seddaec slathe elgstrodss (1a;1bppfihe eleatredspmepns s suitableconnactgst
one interl ay8gith3atdihh] didcud ¢ foFf Avivaes dnttdlidhd 8@BtibA, the memory
circuit, thus realizing the latter as @ substantially thin-film device.

24. A ferroelectric or electret nmenory circuit (C) according to claim1,
characterized in that a plurality of such menory circuits (C) forns the 20
menory circuits in a matrix-addressable array, that the nenory cells of the
menory circuits (C formdistinct portions in a global layer (2) of a
ferroelectric or electret thin-filmmenory nmaterial, that the first and
second electrodes (I a; | b) formportions of first and second el ectrode
means respectively, each el ectrode nmeans conprising a plurality of

parallel 25 strip-like electrodes (1la;lb) wth the el ectrodes (4b) of the
second el ectrode neans being oriented at an angle, preferably
orthogonally, to the electrodes (la) of the first el ectrode neans, and
that the ferroelectric or electret thin-filmglobal layer (2) is

sandw ched t herebetween, such that the nenory cells of the nmenory circuits
(C are defined in the thin-filmglobal l|ayer (2) 30 at the crossings of
respectively the electrodes (la;lb) of the first electrode neans and the
el ectrodes of the second el ectrode neans, whereby the array of nenory
circuits (C fornmed by the el ectrode neans and the gl obal |ayer (2) of the
menory-material with the nmenory cells realize an integrated passive

mat ri x- addressabl e ferroelectric or electret nmenory device wherein the 35
addressing of respective nenory cells for wite and read operations take WO
03/ 044801 PCT/ NO02/ 00437 27 place via the electrodes (la;lb) of the

el ectrode neans in suitable connection wth external circuitry for

driving, control and detection.



