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that even the 4f2 design only renders a 25% areal fill factor. With 50 to

100% fill factor the need for more than one memory layer would be equally

20 reduced, as will production complexity, yield and — cost. Also, using only

one or two memory layers would reduce the effect of polymer postprocessing

correspondingly and hence prevent the negative performance effects from

such procedures.

The traditional approach to increase cell density is by reducing cell area.

25 However, the smaller the cell footprint, the smaller the signal (and the lower
the SNR), and the more sensitive and hence complex and real estate
demanding the read-out circuitry (dominated by sense amps) will have to be.
In fact it is considered extremely challenging to build crosspoint matrix
systems of any kind with smaller line pitch than 0.30 um — 0.40 pm (cell

30 size, 0.09 pm?).

A concern related to multi-layer stacking is planarization. Building
successive layers on preceding ones gradually produces a “curvy/bumpy”
topography which creates substantial problems in regard of lithography
control and hence the ability to address and read out from cells (e.g. sense
35 amps are designed relative to an expected cell area, if this, through non-



control and hence the ability to address and read out fromcells (e.g.
sense 35 anps are designed relative to an expected cell area, if this,

t hrough o 084@d8% 046995 PCT/ NOD2/ 00390 2 uni form | it hograpNQo2wesnes
beyond certain limts, the signal cannot read out reliably/the

di fference between ones and zeros nore dif4icult to determne). The
architecture al so defines how many nmask steps are mninumrequired, 5 the

e T L e R

steps than C@mrpeeluadgyfthashfﬁeecmei lpat wieen cmds;qmidczadroslmmceedltﬁﬁvuhgoB menory
| ayers, whicly gl nost twice the costs to process such a wafer conpared
to state of the ar processes for e.g. flash nenories. 10 In a pol yner

Crosspoi nt rix r n vertical switching field,.the norphol ogy
of the spinn epeHFgﬁE? “)1‘(? Iai%) 85€E; Oﬁéeﬁ%gl%s%étﬁg%\ﬁfq PRGN Ieg Fa

appl i cat$ onsthd fewsr tlfer Iels@ ub@tﬂ* yhe Ranuénguria gt Reﬂ&bﬁigﬂmﬁlm@er oPimd¥Rl steps

nmor phol ogy in r% ard of .ferr e

trlc%gégﬁrtles enfllmt%lcknessk
shr i nks. bel 85F DHOSHREY ARPOGEAR fhe gt YIST MG THUIRS Y Mgre mas
sensitive tostepsehib c@fnmin@ﬂhsh usadorispior atscblbalkdiengcemadntg &mﬁemby;pe and
ef fect of r y creasi ng '

dest rable i nioiege Wiyl Baht Bmof6lizs R Epsisda At e S Wl colppgEed” ©

t hi nner t hant@Gtatenoif theoadeC MO8 mobhewee fene g Hlash meimtoapss | ower t han 5V.
Lower voltage levels are required In order to use progressively denser

I : f hogrﬂmgy zhgd yRRIR2bS Y O?nt Atk htt:rﬁ@t ﬁﬁﬁ Ciﬁ‘ﬁ?x@i&a[ Shvehindfield, ahgo

al | ows reduce 0 i on urt re v

attractive i H“H%B\Aﬁ%f( 9r€fshfr pigned Ipﬁb@-n ‘&FI %W§ }‘rﬁlP%l thuéélP ?W an|
circuitry tonEméty tpplwuiﬁmeam pd‘tﬁcﬁﬁﬁﬁj Yiealléring Yo rﬂmlhtaﬁn anhd tmagal n
reduces effectiv footg g 1% [ %Iuc n(? ver ead i‘?%ﬁrl nt gl bly
o pero, ok AIRPOPEY infhbalt i ferroeleE e pivasties WihH g shiPksent
Hovve\r/]er to bakevd00mmhiAn shbhrthloMnEkBeaCtheﬁilﬁﬁ(&reuﬁu&bmﬁeydelmrtllﬁwi(ﬁggbpe and
no shor e ar.eas al so because
| mpor t an fe??%g %E&f fnl? (g ﬁé’sak“t%gfé%“‘i‘?t%‘ﬁahﬂ (ilmﬁf?g{téft o detoriate
with thi nnemﬁerﬂaml/bﬂmleela)@ak,aﬂje brdteanegly ttmmmce*nﬁhns ape desirdblann order

noreasi ng_ 30, LA IS, ORI, SS1IONR Neal [e6L BniNey FEDSY o APSFiLES,

e.g. the leve zation
di sti ngui shi ﬁgag@ew@@nvnchmg Voltages lower than 5V. Lower Voltage levels are

required in order to use progressively denser lithography and be compatible
20 with related design rules, which also allows reduced power consumption.

Low voltage is furthermore very attractive in polymer memories, since it

allows more, eventually all, circuitry to be built underneath the passive

memory matrix, which again reduces effective cell footprint by reducing

overhead footprint, possibly to zero, making vias, connections, etc. easier to
25 design and implement.

However, to make such thin films with acceptable uniformity/morphology
and no shorts, is very demanding over large areas (like a wafer), also because
important ferroelectric properties, like crystallinity, tend to detoriate with
thinner films, while leakage and sneak currents represent an increasing

30 problem. This again seriously affects the memory properties, e.g. the level of
switchable and remnant polarization (important for distinguishing between
ones and zeros), switching endurance and switching speed. Especially high
temperature performance (e.g. > 60°C) seems to be tremendously reduced.

But even thicker memory films experience a range of problems, similar, if
35 not so expressed, to those of thinner films. The preferred and established film



ones and zeros), sw tching endurance and sw tching speed. Especially high
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filmWD 03/046995 PCT/ NO02/ 00390 3 application approach is spin-coating,
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20 The use of polymer and especially the fact that the electrodes rest directly
onto this material which has a melting temp of approximately 150°C, result
in problems when packaging is concerned. In a typical soldering process,
temperature can reach as high as 210°C (for limited periods), which cause
problems for the architecture, since the polymer electrodes start to melt and

25 float such that the electrode/ polymer film interface may be seriously
damaged.

The object of the present invention is thus to obviate the above-mentioned
disadvantages and problems with prior art matrix-addressable memory
devices with particularly polymer memory materials and as used in a

30 matrix-addressable data storage device.

The object of the invention as well as further features and advantages are
realized with a matrix-addressable apparatus according to the present
invention which is characterized in that the first electrode means comprises
parallel strip-like electrodes of width w and height h spaced apart and
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of the first and- second neans respec nsul'ating thin
filmin at | ea@mnchekwtnodonncmseatmhg arhesingp snstpf,awhsrerbfy a meemory cell can

20 be polarized and switched into lateral directions perpendicular to the side
walls of the recess and in a third direction perpendicular to the bottom
surface of the recess, provided said bottom surface also is covered by the
memory material.

In an advantageous embodiment of the apparatus according to the present

25 invention, wherein the at least one memory device comprises a third
electrode means an insulating thin film is provided over the top surfaces of
the electrodes of the first and second electrode means respectively, said
insulating thin film in at least a portion covering the top surfaces of the
electrodes of the second electrode means being formed by the memory

30 material, the electrodes of the third electrode means are provided contacting
and interfacing the insulating thin film in an arrangement similar to that of
the first electrode means and oriented in the same direction as this and
perpendicularly to the electrodes of the second electrode means, such that an
electrode of the third electrode means registers with the corresponding

35 electrode of the first electrode means, whereby each memory cell is defined
by a thin film of a memory material covering an electrode of the second
electrode means at the crossing of the latter between an electrode of the first



el ectrodes of the second el ectrode neans being fornmed by the nmenory 30
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cont act i ngo oafdb9pat erfacing the insulating thin filmin alcCarnGngevent
simlar to that of the first electrode nmeans and oriented in the sane
direction as this and perpendicularly to the el ectrodes of the second
el ectrode neans, such that an electrode of the third el ectrode neans
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realized witbtorage eppamates. nmenory devices provided in a vertical stack, the
first electrode neans and the second el ectrode neans of a nenory device
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20 can be polarized or switched in a fourth direction perpendicular to the top
surface of the electrodes of the second electrode means by applying an
electric field between these electrodes and crossing electrodes of the first
electrode means of an adjacent neighbouring memory device, and a memory
cell is defined in the memory material surrounding an electrode of the second
25 electrode means at the crossing between the latter and the electrodes of the
first electrode means in respectively the actual memory device and an
adjacent neighbouring memory device in the stack, whereby the apparatus is
implemented as a volumetric data storage apparatus with the first electrode
means from a second memory device in the stack onward functions as a third

30 electrode means of the underlying neighbouring memory device.

In the apparatus according to the invention the insulating thin-film material

preferably can be a ferroelectric or electret material, and the memory material

can likewise be a polymer or copolymer material. The insulating thin-film

material and the memory material can be the same material and the memory
35 material can then preferably be a polymer or a copolymer material.



25 el ectrode nmeans at the crossing between the latter and the el ectrodes of
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i npl enented as a volunetric data storage %Fparatus with the first el ectrode
means froma second nenory device in the stack onward functions as a third

30 el ectrode neans of the underlying nei ghbouring nenory device. In the
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of the nenory device as used 1_ gpparat us according to the invention
bef ore B0finalong treling A+ i figr 2eation, 15 fig. 6 a cross section of the
menory device in fig. 5 with menory cells in place, fig. 7a a plan view of
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ig. 5 a cross section of the memory device as used in the apparatus

according to the invention before a final stage in its fabrication,

15 fig. 6 a cross section of the memory device in fig. 5 with memory cells in
place,

fig. 7a a plan view of the memory device in fig. 6 showing the arrangements
of memory cells therein,

fig. 7b a cross section of the memory device in fig. 7a, taken along the line
20 a-a,

fig. 8a a plan view of a the memory cell in the memory device in figs. 7a and
7b,

fig. 8b a cross section of the memory cell in fig. 8a, taken along the line C-C

fig. 9 a cross section of the memory device in fig. 7a with a different
25 embodiment of the memory cells,

fig. 10 a third electrode means in the memory device as used in the apparatus
according to the invention,

fig. 11a a variant of the memory device as used in the apparatus according to

the invention,



fig. 8b a cross section of the nenory cell in fig. 8a, taken along the line
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15 separated only by means of an insulating thin film 2a which prevents ohmic
contact between the separate electrodes €1. The electrodes €1 is realized with
a height H and a width w, but with a fairly high aspect ratio H/w. The
insulating thin film 2a has a thickness & which is typically smaller than the
electrode width w and this implies that almost the whole area of an electrode
20 means as its footprints appear in fig. 2 is taken up by the electrodes, while
the insulating thin-film layer or barrier 2a between the electrodes occupies
only a small part thereof (if 0.15 pm or larger lithography is used; finer
lithography reduces this difference). An electrode means of this kind can be
fabricated by a method as disclosed in Norwegian patent application No.
25 20015509 filed 9 November 2001, which belongs to the present inventor and
hence the actual method for fabrication of a dense electrode means of this
kind shall not be elucidated in further detail herein, as the above-mentioned
application shall be regarded as included by reference. In that connection,
however, it is to be remarked that the electrode width can conform to a
30 minimum process-constrained feature f, the magnitude of which will be
dependent on e.g. the design rules as applicable in for instance a
photomicrolithographic patterning process. Anyway this implies that either
the electrode width w or a distance d from one electrode to the next in the
electrode means €1 shall be subject to a design rule of this kind, while this
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20 Now the electrodes €1 with the recesses 3 are covered by an insulating thin
film 4 and a second electrode means E2 comprising electrodes €2 are formed
by deposited electrode material in the recesses 3, as shown in cross section of
the electrode means E1 depicted in fig. 4. The insulating thin film 4 can be
any dielectric thin-film material, but preferably it could be a ferroelectric or

25 electret thin-film material, of which more later. After the electrodes €2 of the
second electrode means E2 have been deposited in the recesses 3, the
insulating thin film 4 is etched away everywhere where not covered by the
deposited electrodes €2, and this leaves a structure as shown in fig. 5. Empty
grooves 3a are now formed in the remaining portions of the recesses 3

30 between the electrodes €1;e2 and with the portion 4b of the insulating thin
film 4 at the bottom of the recesses 3. The sidewalls of the recesses 3 in the
electrodes €1 are now exposed. The grooves 3a are then filled with a memory
material, e.g. a ferroelectric or electret polymer material 4a, which shall
extend along the grooves between electrodes €1 and €2 as shown in fig. 6. If

35 the insulating thin film 4 originally was a ferroelectric or electret material,
also the portion 4b shown at the bottom of the recesses 3 below the



second el ectrode neans E2 have been deposited in the recesses 3, the
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can also 4b, the memory cells 5 can be either polarized or switched in different

20 directions. The portion of the memory cell at 4a can e.g. be switched in a
lateral direction relative to the extension of the memory device while the
optional portion of the memory material 4b at the bottom of the recess 3 can
be switched in a direction perpendicular to the plane of the memory device
or, as implied by fig. 7b, in the vertical direction. By doing so, three

25 “subcells” can be switched simultaneously, whereby a signal three times
larger is obtained, while the area of the bottom subcell equals the electrode
overlap area and the area of the two side wall cells equals 2wh. The latter
case thus introduces an extra dimension as compared with vertically switched
cells as known in the art, which implies that cell footprints will be

30 independent of an applied design rule.

Figs. 8a and 8b show a memory cell in a memory device in the apparatus
according to the invention in closer detail, with the switching directions
indicated as applicable and conforming to the legend given in connection
with figs. 8a and 8b. Fig. 8a shows a plan view of single memory cell with
35 the electrodes removed and it will be seen that all the memory material in the
sidewalls can be switched in the lateral direction, while the memory material



be switched in a direction perpendicular to the plane of the nenory device
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20 electrode means E3 in the memory device in the apparatus according to the
invention. Fig. 4 shows how the top surfaces of the electrodes €1, €2 of
respective electrode means E1, E2 are provided with an insulating thin film
4, which e.g. can be formed by a ferroelectric or electret memory material,
e.g. a polymer or copolymer material. At least on the top surfaces of the

25 electrodes €2 the insulating thin film shall be a memory material, e.g. of the
latter kind, and corresponding to the portions 4c as depicted in fig. 9. Now a
third electrode means E3 which actually is similar to the first electrode
means E1 apart from the electrodes €3 of the former having smaller aspect
ratio, is provided over the insulating thin film 4 with the electrodes €3

30 oriented in the same direction as the electrodes €1 of the electrode means E1,
such that each electrode €3 of the former registers with the similar
corresponding electrode €1 in the latter. The electrodes €3 in the electrode
means E3 may for instance be provided on an insulating backplane 1° as
shown in fig. 10. Thus a memory device is obtained as somewhat

35 schematically depicted in plan view in fig. 11a which should be contemplated
in conjunction with fig. 11b, showing a cross section through the plan view



20 el ectrode means E3 in the nenory device in the apparatus according to
the invention. Fig. 4 shows how the top surfaces of the electrodes 81, 82
of respewDiMOi@®PRCtrode neans E 1, E2 are provided with &aTiNGaioatoong t hin
film 4, which e.g. can be forned by a ferroelectric or electret nenory
material, e.g. a polyner or copol yner tlérl al. At least on the top
surfaces of the 25 el ectrodes 82 the insulating thin filmshall be a nenory
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obtained wit hhl% 1 nf4| galljr{ g% Ic:glrllrsaesbe a%moegctrlc or an electret material and shall in

20 any case in the portions over the top surface of the electrodes €2 be a memory
material, e.g. a ferroelectric or electret material, preferably a polymer or
copolymer material of this kind. Hence memory devices similar to the one
shown in fig. 9 are stacked on the top of each other forming a stack S1, S2,
S3 of memory devices of this kind, and it will be seen that the electrodes €1

25 of an adjoining memory device now performs the function of the electrodes
€3 in the memory device shown in fig. 11b. In other words an apparatus
according to the invention as shown in fig. 12a with stacked memory devices
will allow polarization and switching of the memory cells in four directions,
viz. two lateral directions, and two vertical directions and at four separate

30 locations in each memory cell. The apparatus shown in fig. 12a can in other
words be much simpler than an apparatus based on a memory device

configured like the one shown in fig. 11b.

Fig. 12b shows a plan view of a memory cell 5 in the apparatus in fig. 12a

with the electrodes removed and the switching directions indicated according
35 to the accompanying legend. Fig. 12¢c shows a cross section of the memory

cell 5 in fig. 12b taken along the line C-C and clearly shows the switching



fig, 12a. The basic building block is here the nenory device as depicted
e.g. infig. 9 and with insulating thin film4 is provided on the top
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material and shall in 20 any case in the Eartions over the top surface of
the el ectrodes E2 be a nmenory material, e”g. a ferroelectric or electret
mat eri al , preferably a poI ymer or copolynmer material of this kind. Hence
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out cone then memory material 4a may be deposited with a correspondingly larger
20 thickness and the same of course, also applies to the memory cell portions 4b
or 4c. The thickness of the memory material therein is of course not limited
by any specific design rule as it can be applied by various methods
well-known to persons skilled in the art and with a thickness as described

ranging from a few nm and upwards.

25 It should be noted that the apparatus according to the invention is not
restricted to the exemplary preferred embodiments disclosed herein above.
Other variant embodiment can be devised within the scope of the invention.

The proposed concept introduces a novel cell architecture allowing the
application of a field in the direction lateral to the (circuitry) substrate (if

30 hybrid design). This can be combined with vertical field applications,
potentially at the same time. Multi-layer memories can be built with just one
polymer layer/deposition, optionally applied as a last process step (no metal
or other material deposited on the polymer), thus avoiding the described
problems related to successive processing on polymer.
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as di sch@sedij fhe top electrode openings with same or an alternative electrode material.
Then chemomechanical polishing (CMP) or another planarization process,
e.g. global etching, is used to get rid of recess electrode/insulator material,
such that the insulator material between all three electrode sets is exposed
and thus a complete insulation is achieved between each of the electrode sets,

25 the result being a crosspoint matrix array where the bottom electrodes are

planar to the top electrode. The insulator material is then etched away down
to the bottom level of the top electrode, and filled in with the memory
material (e.g. a ferroelectric copolymer), either through traditional spin
coating or an alternative technique, e.g. dip-coating from melt.

30 The latter etching and fill-in steps can be avoided if the insulator material is
a ferroelectric material all the way or only in case of the top insulator
material. The benefit of this is that there are no problems with polymer
material filling of the narrow openings between electrodes; the drawback
being that polymer material will be exposed to processing. The ability of

35 polymer material to penetrate the narrow openings between electrodes may
be facilitated by using electrostatic or similar attractor techniques, and also,
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20 an arbitrarily large cell area irrespective of the lateral cell footprint by

introducing a vertical cell dimension. Cell height/thickness is not critical

when using higher resolution lithography. All of this improves cell fatigue

during switching accordingly.

The storage density of this first electrode structure corresponds to 2f2 or f2.
25 If dense electrodes are used as the top electrodes, only two masks steps are

involved. This compares well with the vertical architecture, which shall need

two (or four) memory layers and 3 (or 6) mask steps to achieve the same.

When this first “layer” is built, additional layers may be added in various
ways. One is simply depositing polymer film on top of the first structure,
30 then building a new “bottom” electrode set on top of this. Thereby the top
electrode in the first structure will combine with the bottom electrode in the
next to produce an extra, 22 (or f2) memory layer (albeit with just one cell
area/cell). Since this only requires one mask step, the resulting stack,
representing a full f2 (or 'z £2) density, only involves 3 mask steps, while
35 with the vertical architecture the same density would require (all mask step
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NO processi g PR téfativRAPPFBACHd buila!‘lﬁto%ﬂﬁ%wti@%g!)e{‘ge%s?%smtht%hf%g%v&i%. f2)

structure can.be built i.thout deterjorati e ]
post - deposi t F&ist tRoRatal el pokene glectrodes are bu?lt, each electrode fitted with a

“finger”-like extensions, one lithography step apart and extending from the

20 electrode. Onto these electrodes another set of electrodes are built, at the
same plane (on the same substrate level), by allowing these top electrodes to
“climb” over the bottom electrodes at each crossing. The cell is defined as
the area where the finger-like extensions overlap with the top electrodes, thus
the distance between them deciding the “film thickness”, that is, the lateral

25 distance between the finger-like extension and the top electrodes
representing the coercive field required. In order to make this sufficiently
short (preferably less than 0.06 um), which is difficult to achieve with
lithography, several approaches can be used, one being to “misalign” the top
electrodes relative to the bottom electrodes, say with less than 0.06 um, the

30 misalignement/displacement then constituting the “film thickness" in a
vertical cell structure. Alternatively the dense electrode/barrier layer
approach may be used.

Variations on the above can be used to achieve a higher area density for the
cells, one being to position the finger-like extensions farther apart, e.g. two
35 lithography steps apart, thus allowing switching on both sides of the finger,



is considered to be very advantageous for maintaining a norphol ogy opti nal
for menory applications. 10 Since there is a planarization step between
each el ecwpodm4dsayer, there will be no | oss of |ithograprce/Nnomedieg/fil m
uniformty by addi ng successive | ayers, glso meani ng that apart from
potential conplications with regard to vi or connections, there are
technically no limts as to how nany | ayers can be stacked in this manner,
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20 el ectrode. Onto these el ectrodes anot her set of electrodes are built, at
the sanme plane (on the sane substrate level), by allow ng these top

el ectrodes to "clinb" over the bottom el ectrodes at each crossing. The
cell is defined as the area where the finger-1like extensions overlap with
the top el ectrodes, thus the distance between them deciding the "film

t hi ckness”, that is, the lateral 25 distance between the finger-I|ike
extension and the top electrodes representing the coercive field required.
In order to make this sufficiently short (preferably Iess than 0.06 m,
which is difficult to achieve with [|ithography, several approaches can be
used, one being to "msalign" the top electrodes relative to the bottom
el ectrodes, say with less than 0.06 m the 30 m salignenent/di spl acenent
then constituting the "filmthickness" in a vertical cell structure.

Al ternatively the dense el ectrode/ barrier |ayer approach may be used.

Vari ations on the above can be used to achieve a higher area density for
the cells, one being to position the finger-like extensions farther apart,
e.g. two 35 lithography steps apart, thus allow ng switching on both sides
of the finger, W 03/046995 PCT/ NC02/ 00390 16 since now there will be two
separate top el ectrodes surroundi ng each side of the extensions. It is

al so possible to use the dense el ectrode pattern concept to build denser
top el ectrodes to achieve an increased cell density. WO 03/046995

PCT/ NO02/ 00390 17



CLAIMS 1. A matri x-addressabl e apparatus conprising one or nore menory
devices with multi-directionally switchable nenory cells (5) arranged in a
passi ve maDri3xo4@dslr essabl e array, wherein the nmenory cel | CTBNOWRONIDI ses a
5 nmenory mediumin the formof a ferroel eq;ri c or electret thin-filmnmenory
mat eri al capabl e of being polarized by an-applied electric field and
exhibiting hysteresis, wherein at |east one nenory device conprises at

| east two an;gg Jrore than three el ectrode neans (E), wherein the first
el ectrode ne ?% said at | east one nmenory device being either the
only menory device of the 10 apparatus or the first of two or nore nenory
devi ces therdin, i% mate-addresyableApPARN R EPMPTISING PRAOS Ale MEMPTYher ei n

the appar at ugleh$cesh@itBGh eIt -ae@ctiBnhANRbwiftfabld flen®b§CidIRAS) WAL dEn)a
conprises parallel strip-like electrodes (61) of width msa(rggﬁhel ght h
thi
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' th id dges, thereof in.a. |ayer of thickness 6,, said thickness
et no s g el Faete Wi e oot izl M n e rlstglacit i Beld ud ek BUEIREST)
have a hi gh &ypeeesisatherdihvit ledmtonichaefiiorsg tdevedeecdmprisesmraleas( fvdand not

[ ' f | 1, el 3). . f f
and or | ont ed eAbaR b e, PRERpUE mERRIRY Biterin et sRRuscRtsRER LEF s
(c 1) with asaidatlcaboone erpmdryt devtibe belmreitbeiethsi atily memody dexioenclf the
d f £ f .a .. di
Sbout ond harPPaRuh P BLELACET Bro bR ACHAEIIEekfoc bR, is Ry RIGEoR
nut ual |y spa@ednaplatingsubstrate( bnead aplperein thet apparetisals t o the width w of

coverea by 25 SARE R I ¢ OFsCRREEL el AR SIS R om
surface t her étfiplikenclectredesnéall)anfi widthhw antiheiglishspaséd apanptaindmantyally so
cecond of eot rhaericafly (EBRION BF BCkin (2RFof NI MAL AR atthiad | 0% g
i nt er f at? ng phevidedrbeativean therstectradesdeil hand ¢ayerby thasideo¢dgasudbieredfan a he
g?mto[]g xﬁn‘i; ile?}qgr%f"t‘fﬁ&i&ﬂesk% 08 &Qcﬁl?éﬁg%s?c?in%%;mél??fﬁ%titﬁﬂeom@él&ﬁs L (5)
y ‘device, a single nenory ce I'n each case beirng defined
in the vol umvidth vhéhaethsrglectrades (edl) Havea kighoaspeetmtamhéy ethat dble firH )  of
ne 1121 oL AR AR BN cofpe eS| PPl Rcaseand Shift 1
and swi t ched sirfieee [therepélandiareanted perzmdienlgelydiocthe dpngisudinal ekireofild s of
the recegs (3leftesTed) WitH 4 vt abbequal to the electrode width w and
extending downwards from the top surface of the electrodes (¢1) to a
distance h about one half of the height H of the latter, said recesses (3) being
mutually spaced apart by a distance approximately equal to the width w of
the electrodes, that at least the side walls of said recesses (3) are covered by
25 a thin film (4a) of the memory material and the bottom surface thereof with
the insulating thin film (4b) which optionally also can be formed by the
memory material, and that electrodes (e1) of the second electrode set (E2) are
provided in the recesses (3) contacting and interfacing the thin-film memory
material (4a, 4b) thereof, such that the memory material provided in the
30 recesses (3) forms the memory cell (5) of the memory device, a single
memory cell (5) in each case being defined in the volume of the memory
material located between an electrode (g1) of the first electrode means and an
electrode (€2) of the second electrode means at the crossing thereof, whereby
a memory cell (5) can be polarized and switched into lateral directions
35 perpendicular to the side walls of the recess (3) and in a third direction



WO 03/ 046995 PCT/ NO02/ 00390 18 perpendicular to the bottom surface of the
recess (3), provided said bottom surface also is covered by the nenory
mat eri al .wB.o3hme9appar at us according to claim1l, wherein tPeTaNORAO®D OnNe
menory device conprises a third el ectrodg means (E3), 5 characterized in
that an insulating thin film(4) is provi &d over the top surfaces of the
el ectrodes (61;62) of the first and second el ectrode neans (E1; E2)

tively, id..i | at i hin fi [ t | t :
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means (EB), <shabadtbAtedm elLGN @daldiid) thh ﬂlhﬁglt his o€l et s esterheaaps ( E3)

registers with fhe 15 correspondi n ectro 1) of the first el ectrode
Teans (E 1), %ﬁ%@@ﬁﬁ@&%ﬁ[@c 5 ngéﬁb O(féﬁe&gswa ﬁ%%PfE{;e@CErﬁ"idﬁ ERH
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(61;63) of tKOVFIINgtthaap SHIAGCPELRT tfetradeans2) e thesse péem fyneadch
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directi erpendicular to t surface . of an el ectyode of the
second Dect BHd %%{ﬁ%éf( Eé*)annggg\%r%Bb%‘féF%O&@&éW&ﬂb‘{{IHeEflaél %1€ pher ei n

two or nore rHpsWaKngdBM figa (@)en PNt datbrhéhtasimglal ite ahatsé ftte, fishaleatedd zed
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i nsul ati ng backpl apes (1 reby the,apparat is .ipplenented as a

Vol et 1o dAERteds B0 dhspanieenrons FEpA e s TS o arm 1,
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'n any other of the latter between an electrode (g1;€3) of the first and third electrode
means (E1;E3) respectively, such that a memory cell (5) can be polarized and
20 switched in a fourth direction perpendicular to the top surface of an electrode

(€2) of the second electrode means (E2).

3. An apparatus according to claim 2, wherein two or more memory
devices are provided in a vertical stack,
characterized in that the top surfaces of the electrodes (g3) of the third

25 electrode means are covered by an insulating backplane (1), and that each
memory device are provided stacked one above each other separated by the
insulating backplanes (1), whereby the apparatus is implemented as a
volumetric data storage apparatus.

4, An apparatus according to claim 1, wherein two or more memory

30 devices are provided in a vertical stack,
characterized in that the first electrode means (E1) and the second electrode
means (E2) of a memory device each are provided in registering relationship
with respectively the corresponding electrode means (E1;E2) in any other
memory device in the stack, that each memory device in the stack are

35 separated from any adjacent neighbouring memory device by insulating thin



menory device in the stack, that each nenory device in the stack are 35
separated from any adj acent nei ghbouring nenory device by insulating thin
WO 03/ 04689530@GbHNCO2/ 00390 19 film (4) applied over theprcapNn@unimoes of
the electrodes (c 1;c2), said insulating,thin film(4) at least in the
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15 with the first electrode means (E1) from a second memory device in the stack

onward functions as a third electrode means of the underlying neighbouring

memory device.

5. An apparatus according to claim 1,
characterized in that the insulating thin-film material (4) is a ferroelectric or
20 electret material.

6. An apparatus according to claim 1,
characterized in that the memory material is a polymer or copolymer
material.

7. An apparatus according to claim 1,
25 characterized in that the insulating thin-film material (4) and the memory
material is the same material.

8. An apparatus according to claim 7,
characterized in that the memory material is a polymer or copolymer
material.
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