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15 No prior art of direct relevance regarding braiding/folding as taught in the
present invention has been identified. However, a brief general background
shall be given to illustrate the present state of the art, put the present
invention into context and highlight the objects of the invention:

Memory chips have the advantage vs conventional magnetic, optical and

20 other mechanical storage devices of being capable of very fast read and write
operations. Furthermore, they are solid state, have reasonably low power
consumption and may offer high transfer speeds. The disadvantage is their
limited capacity to store information, and a relatively high production cost
per byte capacity. Due to scaling problems and limited area, typically

25 restricted to less than 1 cm?/chip, this situation is not likely to be much
altered in the foreseeable future.

A solid state memory concept which circumvents the limitations described
above has been developed based on hybrid silicon/polymer chips. The
approach includes stacking thin layers of polymeric memory films on silicon
30 substrates and accessing the passively addressed memory layers via the
substrate circuitry. The problem with this solution, however, is that the
number of memory layers in the stack typically is limited to 8 — 16 layers.
Increasing this number is technically possible, but generally not practically
viable for most mass market applications. Negative factors in this connection
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i nkj et limited to simple spin coatmg This deposition technique has several
advantages, but may also introduce unwanted side effects, like creating a
larger than desirable internal stress, problems in controlling the film
morphology and uniformity, etc. One procedure used to improve morphology
20 is stretching of films, which cannot be applied in the hybrid case, another is
to anneal films under high pressure which is not very applicable either (when
spin coating (and rigid substrates like silicon) is used).

Because of the area restrictions related to a silicon-based device, the only
feasible patterning approach is standard lithography i.e. high resolution line

25 pitch. This excludes low cost, non-lithographic patterning tools like inkjet
printing and micropatterning.

Another problem related to the hybrid concept is packaging, especially
soldering, which requires temperatures much higher than the melting
temperature of polymers (more than 60°C higher). The polymer does not

30 necessarily destruct when exposed to higher temperatures than its melting
temperature, but a rework (reanneal) is required to bring back the film
properties. More problematic is what happens to the electrode/film interface,
which easily is destroyed when the polymer enters the liquid phase. This
represents is substantial problem when multilayer stacks are involved.
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present i nvént pogcond phiesidd hequrseidnyantiomdo presarihg hewauch stackiagr i ces,

where each @ik %ckRRbailS fracBlcdEnHABEWIR]e AR sand fhfehlovidingt can be

I ndi vidual |y connected via passive matrix addressing. . It Is a fourth
obj ect of tiREIHHBaEALTEsGRRI IO AOL Ieatans desidadhesiask thspughka IRIIe8 the form
of nodul ar yithber sPkicRlblieall @nrcRtieds @hdtOtel desHBI HO%n Yid Butside of the

15 stack.

It is a third object of the present invention to provide stacks containing a
multiplicity of matrices, where each matrix contains a large number of thin
film cells that can be individually connected via passive matrix addressing.

It is a fourth object of the present invention to provide individual stacks in

20 the form of modular units suitable for integration into devices with
specialized functions and/or into larger units that add the capacities of two or
more separate stacked units.

It is a fifth object of the present invention to apply the stacking concept to
the manufacturing of data storage and/or processing devices that contain sub-
25 units demanding mutually incompatible process steps.

The above objects as well as further features and advantages are realized
with a memory device which according to the invention is characterized in
that a stack of memory arrays is formed two or more ribbon-like structures
being folded and/or braided into each other, each ribbon-like structure

30 comprising a flexible substrate of non-conducting material, a first and second
electrode layers respectively, provided on each surface of the substrate, the
electrode layers each comprising parallel stripe-like electrodes extending
along the ribbon-like structure, and a layer of memory material covering one
of the electrode layers thereof and extending uninterrupted between the edges



specialized functions and/or into larger units that add the capacities of
two or nore separate stacked units. It is a fifth object of the present

i nventi orwD®3apky t he stacki ng concept to the manufact uPCaRgNGR/00ES8 a
storage and/ or processing devi ces that c&)nt ain sub- 25 units demandi ng

mut ual Iy inconpati bl e process steps. The above objects as well as further
features and advantages are realized wth a nenory device which according

to the i nvem.iqn.i:s..char erized 4 yS i s
formed two Ogith%}geb%'glg{gﬁgﬁcﬁléésS’\dtéc}te Bﬁ ggéh g‘ﬁﬁé&%ﬁ%@m% E[)er?crl{)igai ded into
each ot her ,fomact by Gbanappike mutivas wie B0 obmdjacinhgitbdi-bXe shrmcubst r at e
respect  vel o ShdRE Friled hch thal uRRLBSTAISp RABHAIT SHBNIE o1 1 o

| -aﬁﬁrs leaﬁrreta@rmrsh'm,raglqowhard@ thet wopdlinek endneemooyiéay enxafentianeoryal OPg th he
ripbonzl | C ; r; : t ape ol the
el ectrgde f‘aéf/aéfr}gl%gga?go %r?g] té@%gr%gﬁc{ngpﬁﬁ%’g@uﬁ%ﬁh%%ﬁv\&\g@]&tgﬁggedges WO
03/ 046924 PUTCHOB2/2004H8 bit ligkes ceatainpd om alserendttheweodr e, wher eby each
menory array of the stack is forned by overlapping portions of a pair of

adj acent rithiydier! fekgiret audtadvestades| cfatic prdéait ipvanded aseldiscidaid bhehe cross
in substantj al | & ort.hogonal relationship, and whereby the word |ines and
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fig. Ib a tthapsyemsahventdss- section thereof, fig. 1 ¢ two ribbon-1ike
structures crossing and contacting each other, formng 15 a nenory array

in the overdap Rk Amsversal cross-section thereof,

fig. 1c two ribbon-like structures crossing and contacting each other, forming
15 a memory array in the overlap area,

fig. 2a an example of a stack of ribbon-like structure according to the
invention,

fig. 2b an example of an embodiment of the present invention with two
stacks similar to the one in fig. 2a,

20 figs. 3a, 3b cross sections of respectively the first and second stacks in fig.
2b,

fig. 4a schematically a ribbon-like structure with connection areas on the
front and back,

fig. 4b how the ribbon-like structures may be provided to form stacked
25 memory arrays according to another embodiment of the present invention.

According to the invention, shown in figs. 1a and 1b, there is provided a
ribbon with a carrier substrate 3 of a flexible material (e.g. polymer or metal)
coated on one surface with a thin layer of memory film 1 on top of parallel
electrodes 2 (in the longitudal direction), while the opposite surface of the
30  ribbon either has a similar structure or a layer of parallel electrodes 4 only,



fig. 2a an exanple of a stack of ribbon-like structure according to the
invention, fig. 2b an exanple of an enbodi ment of the present invention
with two wetlaok®2sinmlar to the one in fig. 2a, 20 figs. PaI/NW200458s
sections of respectively the first and sgcond stacks in fig. 2b, fig. 4a
schematically a ribbon-like structure mﬁfh connection areas on the front
and back, fig. 4b how the ribbon-1ike structures nmay be provided to form
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part of a larger stack. The ribbons R may have an arbitrary width and are
15 mutually oriented in 90° angles with respect to each other such that the

resulting stack has a square/cubic (chip like) shape. Fig. 2a shows how

ribbon R2 is stacked against ribbon R1, ribbon R3 against ribbon R2, and so

forth, up to ribbon R10 stacked against ribbon R9.

In fig. 2a the odd-numbered ribbons R1,...R9 form a first subset or assembly
20 X, the even-numbered ribbons R2,...R10 a second assembly X is oriented
perpendicularly to the first. The resulting memory arrays form a stack S.

The ribbon overlaps are laminated together through an anneal process, €.g.

under high vacuum/high pressure. By using a similar structure, i.e. memory

film against memory film, compatibility problems related to the lamination
25 process may be substantially reduced.

In an alternative embodiment the ribbons are folded according to a plurality
of patterns, including concertina-wise, oval, circular/ring or twisted, as e.g.
shown in fig. 2b. “Woven” threads may be made, which again can be used to
make fabrics, etc. It will be possible to build large area structures in this way,

30 thus enabling integration of memory into other devices, like into the casing
of mobile phones, as a “top coating” on curved or other surfaces, etc.

The ribbons R1,..R9 arranged in a first subset or assembly X, and the
ribbons R2,...R10 arranged in a second subset or assembly X, are applied in a
memory device according to the invention. The embodiment of such a



15 nmutually oriented in 90 angles with respect to each other such that the
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serious unwanted disturbances seriously reducing the signal noise ratio of
e.g. an output signal, but in addition a parallel addressing of all memory cells
in an array and if desired all memory arrays in a stack will be possible while

simultaneously still keeping any disturbing influences at a minimum.

20 The arrangement of the stacks S1, S2 in the memory device according to the
invention is shown more to advantage in cross sections in respectively figs.
3a, and 3b. In stack S1 (fig. 3a) the first ribbon R9 is provided orthogonally
to the second ribbon R2 and second electrodes 2 in ribbon R9 now can be
considered as word lines in a memory array M1 with the bit lines provided by

25 the electrodes 4 in ribbon R2 and so on. In other words a memory array M
comprises and is formed by a portion of respectively adjacent pairs of
ribbons Ry, Ry+p in a stack S. The stack S2 as shown in fig. 3b appears
similar to the stack S1 in fig. 3a, but with the directions of adjacent pairs of
ribbons R now rotated by 90° such that the orthogonal crossing between

30 successive ribbons in the stack S2 is retained. It will be seen from fig. 2b that
the first assembly X; of odd-numbered ribbons R1....R9 and the second
assembly X, of even-numbered ribbons R2...R10 each could be followed by a
similar adjacent assembly of ribbons provided in the lateral direction (i.e. in
a side-by-side arrangement) with a corresponding arrangement and

35 orientation such that additional stacked structures S could be formed in the
regions where the assemblies X;, X, intersect. The additional assemblies of



10 the ribbons in the device according to the invention, it wll by persons
skilled in the art readily be understood that the conbination of
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(e.g. decoder/router) circuitry based on thin-film transistors (TFT) at the
electrode ends, reducing the number of contacting points to facilitate a more

20 robust connection. Such robustification may not only allow for a much denser
electrode pattern, and thus increased storage density, but also allow folded
(and packaged) memory stacks to be connected to the silicon (or pads
connected to the silicon chip(s) by the end user, thus open up for very low
cost add-on memory modules.

25 A further enhancement of this concept would be to supply all driver circuitry
required to operate the memory at the ribbon ends, including sensing
circuitry. This would turn into the folded memory stack completely
self-sustained unit.

Yet another enhancement would be to locate the required circuitry evenly

30 over the ribbons, directly in contact with (at the sides of) each individual
memory matrix, as row and column drivers/decoders, and just contacting
every one of these to a common bus/traffic coordinator on the ribbon(s) and
then communicate with external hardware via hardwired or wireless
contact(s).
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ribbon RL in stack S2, while of course gibbon RL then still would pair

with ribbon R2 in stack S2, but now in the projected position as shown for
ribbon 9 in fig. 2b, and so on. The inplication of this is of course that
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“all circuitry on the ribbon (all TFT)” case. This translates directly into a
very large storage capacity, or arbitrarily large storage capacity in the all TFT
cases.

20 Because the approach is close to processing a single layer memory, most, if
not all, the process and temperature compatibility issues related to multi-
layer processing vanish.

Similarly, by avoiding the deposition of top electrodes directly onto the
memory films, the avoidance of possible negative effects of such procedure

25 can also be avoided. A further positive effect on film morphology is the
possibility to utilize stretching of the films before baking, thus ensuring a
more orderly crystalline structure. Alternative deposition techniques to spin
coating, like dip-coating/doctor blading/meniscus coating, may also have
positive influence on film morphology.

30 Because the available area is large, a much more relaxed patterning process
can be implemented, allowing non-lithographic tools and true reel-to-reel
processing to be realised. This again will drop the production costs
substantially.



contact(s). WD 03/046924 PCT/ NO02/ 00458 8 When silicon or silicon/TFT
circuitry on a supporting substrate is used, ribbon surfaces can be

att ached wo ogiokd9eon driver circuitry by bendi ng one surf@ce/nNovdoosser the
other as shown in fig. 4b before attachnegt to coupling pads on the
underlying, not shown device substrate surface. If all driver 5 circuitry
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structures gv@h (%/'orl]gme r|19%gn Qﬁl%a 1ronbr aided into each other, each

characterized in that a stack (S) of memory arrays (M) is formed two or more
ribbon-like structures (R) being folded and/or braided into each other, each

15 ribbon-like structure (R) comprising a flexible substrate (3) of
non-conducting material, a first and second electrode layers respectively
(2;4), provided on each surface of the substrate, the electrode layers each
comprising parallel stripe-like electrodes extending along the ribbon-like
structure (R), and a layer of memory material (1) covering one of the

20 electrode layers thereof and extending uninterrupted between the edges of the
ribbon-like structure, whereby each memory array (M) of the stack (S) is
formed by overlapping portions of a pair of adjacent ribbon-like structures
(R) folded and/or braided such that they cross in substantially orthogonal
relationship, and whereby the word lines (2) and memory layer (1) of a

25 memory array (M) in a stack (S) are contained in a first of a pair of adjacent
ribbon-like structures (R) and the bit lines (4) contained in a second thereof.

2. A ferroelectric or electret volumetric memory device according to
claim 1, characterized in every second memory array (M) of a stack (S) being
provided in a mutually staggered arrangement.

30 3. A ferroelectric or electret volumetric memory device according to
claim 1 wherein more than one stack (S) is provided,
characterized in that the ribbon-like structures (R) are folded and/or braided
in manner so as to realize a pair-wise permutation of the succession of
ribbon-like structures from stack to stack.
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(2;4), prwoiideden each surface of the substrate, the el eeCrow®2ioedsers each
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pre-formed and prepared with insulating and/or conducting and/or
semiconducting layers and structures in its cross section and/or on one or
both of its surfaces.

8. A ferroelectric or electret volumetric memory device according to

20 claim 1, characterized in that two or more ribbon-like structures (R) in the
stack (S) have a set of electrodes (2;4) on one or both sides of the ribbon-like
structures and extending the length of the ribbons.

9. A ferroelectric or electret volumetric memory device according to
claim 8, characterized in that each electrode (2;4) is electrically accessed by

25 being connected to a contacting field or area incorporating active and/or
passive circuitry at or near one or both ends of the ribbon-like structures (R),
said contacting field in turn being connected electrically or optically to
circuitry external to ribbon-like structures.

10. A ferroelectric or electret volumetric memory device according to
30 claim 1, characterized in that the stack (S) contains at least two different
types of ribbon-like structures.



10 6. A ferroelectric or electret volunetric nenory device according to
claim4, characterized in that the nunbers of the ribbon-1ike structures
(R and wolsei®2{ X) thereof are selected to m nim ze thePICamgoa/oofs8t he
ri bbon-like structures (R) conpatible wzh a given functionality of the
stack (S). 7. Aferroelectric or electret volunetric nmenory device
according to 15 claim1l, characterized in that each of the ribbon-Iike
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contacting fie r area Fncorporating active and/or passive circuitry at
or near one(B} both ends of the ribbon-1ike structures (R, said
contacting field in turn being connected electrically or optically to
circuitry external to ribbon-like structures. 10. A ferroelectric or

el ectret volunetric nmenory device according to 30 claim1, characterized
in that the stack (S) contains at least two different types of ribbon-Ilike
structures. WD 03/046924 PCT/ NO02/ 00458 12 11. A ferroelectric or electret
vol unetric nmenory device according to claiml1, characterized in that at

| east one ribbon-like structure (R) in the stack (S) has a gl obal

i nsul ating surface on one or both of its surfaces. 12. A ferroelectric or
el ectret volunetric nenory device according to 5 claim1, characterized in
that at | east one ribbon-like structure (R) in the stack (S) has a length
which is different fromthe other ribbon-like structure (R).



