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compl ex and with a ferroelectric polymer memory material in sandwich between the

20 electrode layers is more attractive than the 1T-1C approach of state of the art
silicon memory architectures, partly because it represents denser lateral
storage (4f* versus 6f> and larger, where f is the smallest definable feature),
but even more because it allows stacking of successive memory layers, e.g.
controlled from joint substrate circuitry. However, it is still a fact that even

25 the 4f? design only yields a 25% areal fill factor. With a 50 to nearly 100%
fill factor the number of memory layers in volumetric stacked memories can
be 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

30 such procedures.

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

However, the smaller the cell footprint, the smaller the signal (and the lower

the signal-to-noise ratio), and more sensitive and hence more complex and

real estate-demanding the read-out circuitry (dominated by sense amplifiers)
35 must be provided. In fact it is considered extremely challenging to build
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applicant using a vertical switching field, the morphology of the spin-coated

20 polymer films largely decides the usability in memory applications. It is
particularly challenging to maintain an optimal morphology in regard of
ferroelectric properties when the film thickness shrinks below 100 nm. At
such thicknesses the films are much more sensitive to type of solvents used,
spin-coating and baking conditions, type and effect of interfacial/barrier

25 layers, etc. Increasingly thinner films are desirable in order to reduce
switching voltage, e.g. the films need to be thinner than 30 nm in order to
achieve switching fields with a strength below 5V between the electrodes.
Lower voltage levels are required in order to use progressively denser
lithography and be compatible with related design rules, which also allow

30 reduced power consumption. Low voltage is furthermore very attractive in
polymer-based memories, since it allows more, ultimately all, circuitry to be
built underneath the passive memory array, which again reduces effective
cell footprint by reducing overhead footprint possibly to zero, and making
vias and connections easier to design and implement.
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below), with reduced f11m uniformity, the coercive field will vary

20 accordingly, which will create problems during operation if the variations are
larger than the design maximum swing in voltage. On the other hand, the
larger the design swing, the more complex the circuitry that is needed to
handle it, with added costs in regard of real estate efficiency, production
complexity and device cost.

25 Probably an even greater morphology concern is the fact that the polymer
will be exposed to substantial postprocessing, e.g. deposition of top
electrodes, interfacial layers, vias connections, etc. in multi-layered memory
stacks. This amounts to a potentially severe negative impact on the polymer
properties, which are very difficult to control properly, especially in a

30 commercial manufacturing process.

The use of polymer and especially the fact that the electrodes rest directly
onto this material which has a melting temperature of approximately 150°C,
result in problems when packaging is concerned. In a typical soldering
process, temperatures can reach as high as 210°C for limited periods, which
35 causes problems for the architecture, since the electrodes start to melt and



result in problens when packaging is concerned. In a typical soldering
process, tenperatures can reach as high as 210C for |imted periods, which
35 causeswproobdwns for the architecture, since the el ectr@desNa@Banr’to nelt
and WO 03/081602 PCT/ NC03/ 00097 4 flow,4such that the el ectrode/ pol yner
filminterface my be seriously damaged. The data storage apparatus
according to the invention is provided as a stack of a plurality of nenory

devices, amthwi dulth Mt theldcRsiRIeMBAP ek f118h %@ﬁe&fiﬁbﬁnaib@%@ﬁbﬁl@l&y‘md l'ines

and bit lines of neighbouring deviceés, such that in the stacked nmenory data
storage ap 2MAE6E- accor di ng to the invention the nunber of separate

el ectrode neans in the stack only is one nore than the nunber of nenory
devi ces i nTheedath atdragthippanitus awcerling tplthesnvémtiomis poadridsd ang stpclot ocol

t [ f : . [ ' t ' d at
the tPme. ot ety o fedBIEE o58 lin HE ARSI RleNs M ARALEATEC
addr es§abl éomning wamédinsisyandebié dinesdd neeghboutiing deaidasg sash thatdn thed bi t
& . ) . : ! .

e . adas SOKEARRABEE datds a8 aBplraCELURUKL B BELAHAADA E mymber
and menory Of sppatite glesdrasie means ihthgstagk il s one saerenthandhe mewnbredofl 5

substant i akidmasy byibek ih the Wicke TROU] Boifbeaiplius thiedn BadiRkifigcat i on,

they are not a conjtrlbute to a S|gn|f|ca, Il ncrease | n.t storage
density. PHetogRl mushjpEevidst farpnlyoagdnemony dsvienin the Haek Peinghvi at e t he

bt oot SORG S SEINETHRO0E IR M MORI ey sttt Revice of the 1 ¢ 20
memory mat éﬁ% @%@%&6&@Séaﬁ%ngﬁamﬁgugvsF@?%P@e Beals Adterpating ag ayonde
elt ecL r gt s t@ﬂ_d Hi@gﬁw‘hiad@ bredPropeied t PEbR ast QisBER AP PRICRED PaSHRBI | Si ng
St acke matri x-a e

ssahl e nmenory devices and th an extr.enmel y hj dat a

Storage aomat i agdissitle inemoRy ieticess Dt ey ELbAp SORySRIPEN JecuPds to
obvi iat e prahﬂensmlb5y aell%’rmgxﬂmt&hﬁtﬁm{glﬁviﬂmbmt@ldeixfﬁemsopﬂcwi&ed or a
copo r nateri as ,.hentlo ..above. ..The cts 0 e _invention as
wel v X870 REbSTahBaHy B5anTE Ry ERR 2205l BN SHHA npdfcolBinaie’ e St a
st or age appes abus toocah tndp ut® td As1gmyreant acre thessto msityzed I n

bectoocati tnidp heigmfieant ( add ohthi hegeaddesifyzed i
that el ectrodes of each el ectrode neans are 30 provided in a dense

ar r angenentrrandaiibbick bfiths g&é’ste%@ iveA isehusa¥&bvihfeamebet ween, the

t hi ckness 8 of the bar rd er layer bei ng on{jf/ a f r,aﬁ:t i.on of the
above-mentioned disadvantages and problems with prior art
matrix-addressable data storage memory devices relying on polarizable

20 memory materials capable of exhibiting hysteresis such as ferroelectric

electrets and to provide a volumetric data storage apparatus comprising
stacked matrix-addressable memory devices and with an extremely high data
storage density.

A particular object of the present invention is also to obviate problems
25 arising when the memory material is a polymer or a copolymer material, as
mentioned above.

The objects of the invention as well as other advantages and features are
realized with a volumetric data storage apparatus according to the invention
which is characterized in that electrodes of each electrode means are

30 provided in a dense arrangement and mutually insulated by barrier layer
therebetween, the thickness & of the barrier layer being only a fraction of the
electrode width, whereby the area fill factor of the electrodes in an electrode
means approaches unity, that the top surface of an electrode means facing
the neighbouring following electrode means is provided with parallel

35 recesses oriented orthogonally to the electrodes and mutually spaced apart by
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The apparatus according to the invention shall now be explained in detail
20 with a thorough discussion of its component parts and embodiments thereof
as shown in the drawing figures, of which

fig. 1 shows a cross section through a first electrode means in the data
storage apparatus according to the invention,

fig. 2 a plan view of the first electrode means in fig. 1,

25 fig. 3a a cross section of the electrode means, taken along the line A-A in fig.
2,

figs. 3b-3f various steps for forming high aspect ratio electrodes of a second
electrode means in the data storage apparatus according to the invention,
these cross sections being viewed in the same direction as fig. 3a,

30 fig. 4 a first memory device in the data storage apparatus according to the
invention and viewed in the same direction as the cross section of fig. 3a,

fig. 5 a plan view of a first memory device in the data storage apparatus
according to the invention,



invention and viewed in the sane direction as the cross section of fig. 3a,
fig. 5 aplan view of a first nenory device in the data storage apparatus
accor di ngwo®380: nventi on, WO 03/ 081602 PCT/ NO03/ 00097 6 PCTiND03B0@7Cr 0SS
section through the data storage apparatgs in fig. 5 taken along the |line
B-Binfig. 5 fig. 7 the stacking of a second nenory device on the top of
the first menory device in the data storage apparatus according to the
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invention U HReRd W& 1 ayers, fig. 9 a cross section through the data
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cross sect ifign 7sihei dtacking afheserond mebiary dgvibeionwhe iop afithe dinst memgorydevi ce
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cross ect tansamegliseinmaay heeenossliseethon on fighd,dat a st orage 15 appar at us
according to the invention with four nmenory devices, taken along the line
B-B in figfiglB ablgh viedb of the data sieeigeoapparaauoicdordimatatiss arveaeoappar at us
according to tpe invent:lon and simlar to the enbodi nent in 12a, but taken
al ong the I“flﬂb sxg'&nelinrqryad{erﬁ,l, and 20 fig. 13 schematically the general
structure and conponent parts of a functional data storage apparatus
accordi ng fig. One cressesection. thrpugh thesdainsstaragecappaseiaisiionigs 8 aiakenadonpde
means El i fpbhe- ARRFIAts according to the invention. The el ectrode means
El conprises a nunber” of parallel electrodes FI which appears as
striprdikeg n.the plan vi.ew of .th el ect rod ns..E1 j,n fig. 2. Each

ol ectitbae” B 10T sRORmetlifH sfmitel i 20 Ry SbiRETy R itk bled W&y oty by
means of adevivewWtatkedyon hhotdp bintRasedomchmem@ayededvdicehni ¢ cont act bet ween
the separate electrodes (err)(err). The electrodes sl are realized with a
hei ght H apg g1 d1inWieRWWs thetdhtd stdrhbb MppheiugsPent. 1024/t a thivd The
insulating thin film 2a has a thicknesS 8 which is typically nuch 30

smal | er t hBWRNY d¢WEEr ode width w and this inplies that al nost the whol e

area of an electrode neans El as its footprint appears in fig. 2, is taken
up by fig. 12a a cross section to a schematic embodiment of the data storage

15 apparatus according to the invention with four memory devices, taken along
the line B-B in fig. 11,

fig. 12b a cross section through the data storage apparatus according to the
invention and similar to the embodiment in 12a, but taken along the line A-A
in fig. 11, and

20 fig. 13 schematically the general structure and component parts of a
functional data storage apparatus according to the invention.

Fig. 1 shows a cross section of an electrode means E; in the apparatus
according to the invention. The electrode means E; comprises a number of
parallel electrodes €; which appears as strip-like in the plan view of the

25 electrode means E; in fig. 2. Each electrode €; is located on an insulating
substrate 1 and separated only by means of an insulating thin film 2a which
prevents ohmic contact between the separate electrodes €;. The electrodes €,
are 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 0 which is typically much

30 smaller than the electrode width w and this implies that almost the whole
area of an electrode means E1 as its footprint appears in fig. 2, is taken up by
the electrodes €;, while the insulating thin-film layer or barrier 2a between



the electrodes sl, while the insulating thin-filmlayer or barrier 2a
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advantage in fig. 3a which shows a cross section of the el ectrode neans El

infigy 2 cbﬁ%@fhﬁk%ﬂg ptlg'l? vlié.voqn'%igA."Z, it shows the electrode means E; with

recesses 3 formed and extending downwards from the top surfaces of the
electrodes €; thereof. These recesses 3 which can have approximately the
same width w as the electrodes €;, extend perpendicularly to the electrodes
g, of the electrode means E1 and are separated by remaining portions of the

25 electrodes €; which similarly may have a width of approximately w. The
recesses 3 extend from the top surface of the electrodes €, and towards the
substrate by an amount h and have a substantially rectangular cross section.
At the bottom of the recesses 3 the electrodes &; will be bridged by a section
thereof extending to a height H-h above the substrate 1. It is to be understood

30 that while h can be a larger fraction of H, the magnitude of h for a very small
H may preferably be chosen as about 50% thereof. This is seen to advantage
in fig. 3a which shows a cross section of the electrode means E1 in fig. 2
taken along the line A-A.

Now the process steps for forming a second electrode means E, in the data
35 storage apparatus according to the invention shall be described with



Now t he process steps for form ng a second el ectrode neans E2 in the data
35 storage apparatus according to the invention shall be described with WO
03/ 081602WB@308i608/ 00097 8 reference to figs. 3b-3f. In &CTiN@B/O8MEP Shown
in fig. 3b the electrode neans E1 with ghe recesses 3 are covered by an
insulating thin-filmmterial 4. In a second step an el ectrode material 5,
e.g. simlar to that of the electrodes Eta is deposited over the
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shown in fig. 3b is a ferroelectric or electret memory material, the etching
process can be such that only the superfluous electrode material 5 is removed
and the structure with only a single etchin~g step will then appear as depicted
in fig. 3e with the thin-film material 4 being a ferroelectric or electret

25 memory material covering the surface of the electrodes €; completely, i.e.
also with portions 4a covering the sidewall of the recesses 3 as well as
portions 4b covering the bottoms of the latter. This implies that e.g. the
ferroelectric thin-film material 4a and 4b respectively located at the sidewalls
and the bottoms of the recesses 3 will form the memory material of

30 respective memory cells addressable via electrodes €;; €, of the electrode

means E;E,.

The high aspect ratio electrodes €, located in the recesses 3 are now in a
fourth step covered with a thin film of insulating material 2. The thin film 2
of insulating material may e.g. be formed by selectively oxidizing the

35 electrodes €,. In a fifth and final process step additional electrode material is



fourth step covered with a thin filmof insulating material 2. The thin
film2 of insulating material may e.g. be formed by selectively oxidizing
the 35 elwotmsosies2 E2. In a fifth and final process step aadriNaaado97

el ectrode material is WO 03/081602 PCT/ Ng03/ 00097 9 deposited between the
el ectrodes 82 as already present, that is as schematically rendered in
fig. 3f also in the enpty portions not occupied by the electrodes E2

| ocat ed 'ndagesﬁeﬁ BBt ﬁ{eo(smwsdé@@;a%ﬁe%d ;S?é‘seﬁﬁsﬂiattﬁ@gs structure is
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perpendicularly to the memory material 4, of the first memory means.

Fig. 5a shows a plan view of the finished structure, i.e. the first memory
device M shown in fig. 4. It will now clearly be seen how the electrodes &,
in the second electrode means E, are oriented perpendicularly to the |

25 electrodes €, of the first electrode means E;. The memory material 4 and
optionally also 4b provided between the electrodes €, and g, in the bottom of
the recesses 3 and over the electrodes €; now form the memory medium 4, in
memory cells 6, of which a few is indicated by this reference number of the
memory device M. The structure shown in fig. 5 with memory material 4

30 and electrodes €;, €, now provides a passive matrix-addressable array of
memory cells 6 which particularly shall be ferroelectric or electret memory
cells and even more particularly such as realized with the memory material 4
in the form of a polymer or a copolymer. From the cross section in fig. 4 it
will be seen that applying voltage to the electrodes €; and €, shall establish

35 an electric potential therebetween over the memory material 4,. The memory



cells and even nore particularly such as realized with the nenory materi al
4 in the formof a polynmer or a copolyner. Fromthe cross section in fig.
4 it w lwowg/oswen t hat applying voltage to the el ectrodePCENGI@®2, shal l
establish 35 an electric potential thergpetween over the nenory nateri al
41. The nmenory WO 03/081602 PCT/ NO03/00097 10 cells 6 addressed by the

el ectrodes located in the recesses 3 can be either polarized or switched
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20 contrast with the vertical architectures, where planarization becomes

increasingly tough to achieve with successive layers.

A memory matrix of memory cells 6 is now obtained in the memory device
M; and with an area fill factor similar to that of the area fill factor of the
electrodes of the respective electrode means E;, E,. Every second memory

25 cell 6 in the memory device can be switched in more than one direction and it
should further be noted that the memory matrix is a passive addressable
memory matrix, i.e. there are no discrete switching components connected
with any of the memory cells 6.

With reference to figs. 6,7 and 8 there shall now be described how a second
30 memory device M, in the data storage apparatus according to the invention is
formed and stacked atop the first memory device M; as depicted in cross
section in fig. 4. Fig. 6 shows another perspective of the cross section in fig.
4 taken at right angles thereto, in other words along the line B-B in fig. 5.
Similar to the step shown in fig. 3a recesses 3 are now formed in the
35 electrodes &, of the electrode means E, and similarly oriented and



formed and stacked atop the first nmenory device ML as depicted in cross
section in fig. 4. Fig. 6 shows anot her perspective of the cross section in
fig. 4 twen/osteori ght angles thereto, in other words al oRgTING®3l0D¥e B-B in
fig. 5. Simlar to the step showmn in fijg. 3a recesses 3 are now forned in
the 35 el ectrodes 62 of the electrode neans E2 and simlarly oriented and
WO 03/081602 PCT/ NO03/ 00097 11 di nensi oned. Now t he process steps as shown
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20 top of the structure as depicted in fig. 7 form the bit lines of memory device
M,. This peculiar arrangement and its consequences shall be discussed in
somewhat greater detail below.

The process steps as used for forming the stacked memory devices M; and
M, can now, of course, be repeated to form as many memory devices M

25 stacked in the initial structure as desired. This continued procedure shall be
described in some detail with reference to figs. 9-12 relating to an exemplary
embodiment of the data storage apparatus according to the present invention
with four stacked memory devices M;-M,. It is, of course, to be understood
that the embodiment at illustrated will be schematically rendered only

30  without taking into account the actual scaling that will be applied under more
realistic production conditions and hence of course the illustrated
embodiment is only an indication of the actual capacity of the data storage
apparatus according to the invention with regard to the attainable number of
memory cells, stacked memory devices or data storage density.



30 without taking into account the actual scaling that will be applied
under nore realistic production conditions and hence of course the

i1l ustratwo o3sesdsozdi nrent is only an indication of the actuaCToamaoiwwy of the
data storage apparatus according to thgo nvention with regard to the

attai nabl e nunber of nenory cells, stacked nmenory devices or data storage
density. WO 03/081602 PCT/NO03/00097 12 Fig. 9 shows a cross section of
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succe2@i ng each other. The embodunent as depicted in figs. 12a, 12b provides altogether
four stacked memory devices M;-M, and electrodes means E;-Es with the
respective separate electrodes €,-€5 as indicated. Likewise is the downward
extension of the recesses containing the electrodes of following electrode set
indicated as applicable by horizontal stitched lines, which in the case of fig.

25 12a run through the electrodes €;,€; and in case of fig. 12b through the

electrodes €,,&,4.

As will be seen, the electrodes €; can be regarded as the word lines of
memory device M; while the electrodes €, can be regarded as bit lines
thereof. Similarly the electrodes €, also form the word lines of the succeeding
30 memory device M, and so on. The outcome is of course, that the data storage |
apparatus according to the invention is provided with a number of electrode
sets which exceeds the number of memory devices by only one and hence in a
stacked device of this kind e.g. comprises about half the number of electrode
means compared to conventional prior art sandwich structures. This
35 simplifies the structure and, of course, also reduces the height of the stack of
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disturb effects between addressed cells usually are limited to embodiments

where only each separate matrix-addressable memory device is taken into
account and not particularly adapted to stacked embodiments wherein the
electrode means are provided in a similar manner as is the case of the present

25 invention. However, similar design philosophies can also be applied to a
third dimension, i.e. to stacked structures where a disturb of memory cells in
an addressed memory device is a possibility.

The data storage apparatus according to the invention provides a stacked
memory offering the possibility of a very high data storage density and with a

30 near optimum area fill factor in regard of either the electrodes or the memory
cells, as said fill factor in any case approaches a value close to unity. For
each electrode means only two etching or patterning steps are required,
namely a first patterning or etching step to produce the dense electrode
arrangement in the first electrode means E; followed by the etching of

35 recesses 3 in the same. It should, however, be noted that the same mask could
be used for both steps simply by orienting the mask with 90° shift for the
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e.g. depi cunvjentmrflg 10, it will be seen that half the nunber of the
menory cells can be switched in one direction only, nanely in the case
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20 much larger surface area to the addressing word line and bit line than is the

case for a simply sandwiched memory material. The switching in all
directions shall of course take place simultaneously and such that effective
cell area may be more than doubled and the signal noise ratio improved by a
factor of at least 2.

25 It will be seen that increasing the aspect ratio of the electrodes € and
providing for deeper recesses would increase the effective memory cell area.
It should be noted that the area of the vertical portions of a memory cell is
not a critical factor when the applied lithographic technique is downscaled to
pitches and line widths offered by using photolithography in the extreme or

30 hard UV range. It should also be noted that increasing the effective cell area
and improving the signal noise ratio of the cell when addressed, e.g. in a
destructive readout operation effecting a reversal of the polarization of the
switching direction of polarization of the memory cell, shall serve to improve
resistance to so-called fatigue, a phenomenon that can appear after a certain

35 large number of switching operations and manifests itself in that the
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obvi 0 apdeady r‘f@hpmpe@ﬁl@%\%ﬁ& me6§§ sews dordhe myxamm@@/ J@ire ibe t he
necessity tRe sgemnect all electrodes and inplicitly all nmenory cells to
driver and control «circuitry located in the substrate 1 or an appropriate

e of 4 1p SSHIRLS Bherd X BRRLL PRAGT edaR R AL Dl By B o™ ¢
appr opr i at @rmdt@mm@w IIEUnOJaf d6V1cg$ ﬂm’i @Md:ﬂeagtacka@ao ifoymahei ncr ease
in the aregqfihbiuf@ah siBladd S RINYadktOrdifhe to the invention. An obvious
20 limitation in the number of stacked memory devices would be the necessity to
connect all electrodes and implicitly all memory cells to driver and control
circuitry located in the substrate 1 or an appropriate circuitry provided in
connection with this substrate, which e.g. may be made of silicon and with
circuitry as stated realized in say an appropriate CMOS technology. For a
25  given storage capacity an increase in the area fill factor of the memory cells
now corresponding to a scaling down of the pitch shall, of course, make
possible an outcome with fewer memory devices in the stack while retaining
the desired storage capacity. Another solution to the connectivity problem
would of course be to provide circuit areas for driving and control purposes
30 in the memory device in the stack, thus avoiding the necessity for vias to the
substrate at least to a considerable degree.

The embodiment of the data storage apparatus according to the invention as
depicted in figs. 12a and 12b is of course purely schematic, showing only
four memory devices with 25 memory cells in each and a total of 100

35 memory cells, of which in the present case only 40 are memory cells with
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not shown gte&hkAESSy aabtamerMizdd1butanesrpdring A8 fMBFonalphesi al and
20 necessary for its operation. The data storage apparatus in fig. 13 is depicted
with n stack memory devices M;-M,, stacked atop each other and each of the
memory devices comprises a layer 4 of memory material as shown. For the
addressing of each memory device M two electrode means E are provided
with not shown electrodes contacting the layer 4 of the memory material and
25 forming word lines WL and bit lines BL for contacting the memory cells of
the memory device M. The bit lines, of course, now form the word lines of
the adjoining following memory device. In fig. 13 it will e.g. be seen that for
an arbitrary memory device My, the following memory device being My, the
electrode means Ey,; which provide the bit lines BLx of the memory device
30 My now forms the word lines WLy, of the memory device My, .
Consequently electrode means Ey., shall of course provide the bit lines BLyy;
of the memory device My,; and so on. The outcome is, of course, that the
number of electrode means is n+1, i.e. one larger than the number n of the
memory devices M in the data storage apparatus according to the invention.
35 The stacked memory devices M are located on an insulating substrate 1
which, however, can be regarded as part of the substrate 10 which may be
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:V!<+1 CBIEESeﬂipel ?Ihbﬁte%ﬂ i@pgini@dg ta_ehiﬁtsl&g&*l&dsémhbri@é ci:n%umy f{:f drivieg ! hef bi t
i nes + .he nenp evi +1 and so oRn. . come |
cour se, 1 haeuiRUling aRgedSp R e AR SRETABANEVIRES M the dhEABOY S aEe han
t he ngpber stadkl;.] Rdrehisnléa!meggwi_f_lﬁ&sstiwh{e gppardalsaa@d(ndmt%mha’femio? |
according to the invention. e stacke evi.ges .M are,|l ocated on
an i nsul at CRPRGsscROPu AL i TG EOrRR o DEAR 2 BT 0 “The
substrat e Ifembiy devimyes lveh&h®ir) 81 B8O RCTIONOEfrOdD8Zch hremory deeicedd i n
O ; : . , e ‘ . q
2ddr oosi ng PRQNEE I EGFREL FfefiaEit ool ol Pottliing L pRLGSBR BT,
pur pose t heodanansrtoadestamearthe ysragtrymiirtigntld ohthd swisnitdtoranddbepri ses an
| nter CO””e‘}ﬁelﬁE)r,é{/BE%feQ‘i\ﬁ. RS el 9By ?h%‘& s 'iﬁiﬁ:rﬁ%ga) gh taﬁﬁit?oxﬁf%é!
devi ces whérein -vias or connections Yiom each nenory aévice ‘and down
to a subst papeided: withaaanectioss e eatdmal es paibheraliipviers oleee@Pting
commupy Cat i KR WP This EbSIrhRHiEHaBOERh Alkolfe Abed 6 AitbEHIAILURMALNE

menory devi ces M reover the substrate interface 9 can
provi ded wisteragempparatepgceordng deibe ipyeyian ghanydatieprecessiing amasatisng 10

devi ces, buyjnhdBiSssivdsibALR dagh@ft%ﬁ@rn@ﬁ@,s,a&ﬁméagemg st&ragleme%gfty,ti ng the
dat a storaggga%parat us according to the invention in any data processing
r

apparatus 8 weqtiedanl e hi gh capacity menmories, viz. |arge data storage
density, shall be required. The line widths and pitch as gi ven above inply
f our menor Mheelihe widthsaadd piishsgusven mbove neipdy four memotyl ¢alis te¢da i n case

each nor i i . f . four

woul d henggggﬁér&?%&ﬁeég{rjﬁ?f%%ﬁﬁ%@%g% 1%5?%%%%‘211 g{{g i %-chelﬁl?%?ﬁgp@and as

t he thi cknextension of duman Bel mmt fbestakk of fouriwpuldiheneated fompo ynidlion

vol unetric it 2 16: Gl b/ : i i 1 0 0.2
mwhi ch 1 o SacRpFeREpr sty nfl ibihd pfhe (riCRHUS B2 LORId pEn hEbiae
mermory deviodd Bm,tthis wankd gnpi/}aggol@tppm@smag@ ensitngftl® Ghét/mnvent i on

voul 8 acCORBAESs . [RINAA o ven ™ BOSSAE it plaghsf 4 romor s

20 photo-lithographic techniques, the memory device of the data storage
apparatus according to the invention would accommodate 25 memory cells in
1 pm and with a stack of 4 memories scaling to 1um? a volumetric storage
density of 100 Gbit/mm?’ can be provided. A scalability of this order would
be perfectly attainable with today’s technology, although special care would

25 be taken to solve problems in regard of connectivity or arising from possible
physical disturbances whether thermal or electrical. Experiments performed
by the applicant indicate that such problems, however, shall be manageable
and scaling of the data storage apparatus according to the invention can be
done to the extremes permissible by present day technology for patterning.

30
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el ectrode nmpandry BEvikk (M;) ar@vbelotdeni the dRessahebf tiee aﬁcﬁaalﬁe%) (WL @nged
orthogonal by, hed P81 FHESLLRes
20 characterized in that electrodes (¢) of each electrode means (E) are provided
in a dense arrangement and mutually insulated by barrier layer (2a)
therebetween, the thickness d of the barrier layer being only a fraction of the
electrode width (w), whereby the area fill factor of the electrodes (€) in an
electrode means (E) approaches unity, that the top surface of an electrode
25 means (Ey) facing the neighbouring following electrode means (Ey.;) is
provided with parallel recesses (3) oriented orthogonally to the electrodes
(¢x) and mutually spaced apart by a distance comparable to the electrode
width w, the parallel recesses (3) having a cross-sectional shape conforming
to the cross-sectional shape of the electrodes (€), that every second electrode
30 of the adjacent following electrode means (Ey.1) is provided extending
downwards in the recesses (3) formed in the adjacent preceding electrode
means (Ey), that a memory material is provided in a layer (4) over each
electrode means (E) covering the surface thereof as well at least the side
walls and optionally the bottom of the recesses (3) therein, and that the
35 electrodes (€x41) extending into the recesses (3) in conjunction with the

orthogonally crossing electrodes (g;) of the adjacent preceding electrode



(Ek) and nutually spaced apart by a distance conparable to the el ectrode
wdth w, the parallel recesses (3) having a cross-sectional shape

conf or m NgO BO8L6hE cross-secti onal shape of the el ectrode®CTHQI3OMAY every
second el ectrode 30 of the adjacent folljom ng el ectrode neans (Ek+l) is
provi ded extending downwards in the recesses (3) fornmed in the adjacent
precedi ng el ectrode neans (Ek), that a nenory material is provided in a

layer (4) euemsq®:hdefihechémdey deHRSO) Baviepvarieag twies witchaoe dideerion as
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ata storage apparatus i rovided with a ver [ stora nsi t a
nenory celg“feclqpcrq% 1?’56%@%511@% ﬁﬁﬁ@f%qoﬁ&y %I%SWOJX&?MHQ adéWrce (M
5 appr oachi4gof heemvadyumatdridliapabiaot being switohed i at heaselkwotdiostaionsE) of
the electrode neans (E) and with every second of the nenory cells (6) in a

ayer (4) 20 molrbl B! it ﬁ?@?{ﬁyﬁéﬁa&%%&@o%@%%‘iah@ilat | east two

di rections. ) umetric e apparat uS according to claiml1,
char act er | gbaracterizasd inathat adl kaysry & fa memoryrde vies, (Mo arppravidegrasyi ded

as 1y subg&g@ahﬁhjl% thid Aldk! 8. 3. A volunetric data storage apparatus
according to claim1l, wherein the nenory material is a ferroelectric or

material 18 a por yABMREPREIGEIR Aot bt g BIBE B Gl 1om IRUP YRS,
storage appmmonsmataoaldsrgfarrodbeairin dy elechrat avtteriaked in that each
el ectrode Eﬁ&fb%gé@fe%meth%?gﬂ@ng?xgﬁelgeﬁg%%ﬁhé ghe%ftrettlﬁ\ﬁ)[eﬁﬁé E'Pég;ﬁ)'égﬁét%f or a2

first layer con i 0 a second layer o ng
pol ymer, seppokeeemmateaiadr of conducting polymer forming a contact |ayer

directly contacting the nenory material of the nenory device 20 (M.
15 4., A volumetric data storage apparatus according to claim 1,

characterized in that each electrode means (E) are formed as a composite of

two or more layers, a first layer consisting of a metal and a second layer of a

conducting polymer, said second layer of conducting polymer forming a

contact layer directly contacting the memory material of the memory device
20 M).



