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25 typicall [ . than 1 cn®/chip, this situation is not
likely to b&omrrﬁ%ﬁhg{:?erlégr%tn ‘he foreseeable future. A solid state nenory
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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 over 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
relative to the storage capacity. Due to scaling problems and limited area,

25 typically 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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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 photomicrolithography i.e. providing

25 a high resolution line 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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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 with two or more ribbon-like
structures being folded and/or braided into each other, each ribbon-like

30 structure comprising a flexible substrate of non-conducting material, that
first and second electrode layers respectively, are provided on each surface of
the substrate, such that the electrode layers each comprises the parallel
stripe-like electrodes provided extending along the ribbon-like structure and
a layer of memory material covers one of the electrode layers thereof and
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fig. Ib a transversal cross-section thereof, 15 fig. Ic two ribbon-Ilike
structures cligski rapoavsia dongitedinalceasstsestinarof fibbonlgke struefioe ys asedyn i n
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fig. 1b a transversal cross-section thereof,

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

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

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

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 or contact
fields on the front and back, and

25 fig. 4b how the ribbon-like structures may be provided to form stacked
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
30 electrodes 2 (in the longitudal direction), while the opposite surface of the
ribbon either has a similar structure or a layer of parallel electrodes 4 only,



fig. 2b an exanple of an enbodi nent of the present invention vmthz9tl¥ﬂY2%g6
stacks simlar to the one in fig. 2a, figs. 3a, 3b cross sections
respectively the first and second stacks in fig. 2b, fig. 4a schematically
a ribbon-like structure with connection ageas or contact fields on the
front and back, and 25 fig. 4b how the ribbon-1like structures may be
provided to form stacked nenory arrays according to another enbodi nent of

the present the\&ﬁlﬁkt)lle(lﬁnbéﬁﬁﬂéﬂ'ﬂh@lstc@nbﬁﬁltiﬂg/%iﬂm hﬁ@%‘t‘fhc‘tﬁh‘efRE{hen!:@fo@ﬂﬂ I'b,
there is provi rrier substrate of a flexible

material (e.%§ mﬁ&l%@sofﬁﬁ’é’ﬁ’aﬁ )ind uéﬁgt”éah%ﬁr‘?ﬁ%t é‘ElY‘fnél%’vvl t h a thin layer of
menory film1l on top of parallel 30 electrodes 2 (in the |ongitudal
direction), Ti¢ memowy fippokhaseaddresaing, chatgeestoringdistabilityr) andgora si mi | ar
structure or i el r 5 the whol e
enbodi rrent t%vglsélg%bﬁfsl f{:ﬁﬁ%lﬁhe@ al vﬁ%tg Iﬁg rf}n?aﬁ%%’es%ab n%ggngth termed
only asd'ri mﬁme;sedsamhmmmrytmmomeb@nonstﬁum bprihe Tﬁn@nnarrﬁrlm I beingl has

addressi ng, Ghataensd Beiwerd gfésfsﬁgésére%yr)odgg%%gsse gbdrkwn? Rafl! twd | €9

all owi ng menory natrices to add 0 be
constituted Q;rympn@rnb@ms;comaqﬂmg b@@lhgthegamderctmtadbnuwéw @trmgn@lg of

el ectrodes 3) @ suitable arrangement of two or nore ribbons contacting
each ot her and oriented nut uaI |y at an angle of about 90. According to a

preferred enpodi nent of th enti o r, npre rlbbons R 10 a cked
P oget her - SURFCQINARE 49 agueferreil SRachmsBt of dhe BRAHAR, Cis Oaynare SPBoenRod | n
the adjloi ni rmrersltmto@@mdreaﬁ@ts&mm a¥h tinterfid mm@ﬁbfwalﬁa M:i¢ and
the menory film is iJlustrate

bet i.S
Ly oserng. Det ViRl irhe A ran s bans el TaRe e pydoRatid é?%owa&@cﬁgdss
| arger stack;4Tdirl thebbensorR filmy 1havsetarear Thiv Briflustrdtdd dndigal g sheidaplay 15

AR e e Wl AT R
stacked agdangdr stactibdﬁh&fu,bbbnbbbm&hmmatbltnabﬁmdﬂi andrade soufuailyh, up to
i bbon 15 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 X1, the even-numbered ribbons R2,...R10 a second assembly X, oriented
perpendicularly to the first. The resulting memory arrays form a stack S.

The ribbon overlaps are laminated together through an anneal process, e.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
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written or read, without unwanted disturbances which seriously reduce 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
20 influences at a minimum.

The arrangement of the stacks S1, S2 in the memory device according to the
invention is shown to better 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

25 considered as word lines in a memory array M1 with the bit lines provided by
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 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

30 ribbons R now rotated by 90° such that the orthogonal crossing between
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

35 a side-by-side arrangement) with a corresponding orientation such that
additional stacked structures S could be formed in the regions where the
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can al so be seen froma contenplation of the arrangenent in fig. 2b that
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menory arrays, i.e. or i.nstance of .r n sta WO Sti pair
wi th rilSbon REENS ,a%ﬁla%wnsz,ftlgwan@w th. Eﬁb"* WPH}‘SEtge&ﬁﬁlﬂiﬂﬂ‘? slectrodesbbon ki
in stack S2,24holie phssively coRnnecliion Fids sieansirderlyag) sosidwiisilicdd bbon R2

in stack S2, .hut. no
chtip, in'wh

ich case sufficient redundancy is required to allow for a certain
degree of misalignement. Alternatively or in addition there is provided for
some (e.g. decoder/router) circuitry based on thin-film transistors (TFT) at

20 the electrode ends, reducing the number of contacting points to facilitate a
more 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 chips (or
pads connected to the silicon chip(s) by the end user, thus opening up for

25 very low cost add-on memory modules.

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

30 Yet another enhancement would be to distribute the required circuitry evenly
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

35 contact(s).



the projected position as shown for ribbon 9 in fig. 2b, and so o%b t{;az
inplication of this is of course that simlar considerations woul Iz\a/llAso %’3
10 applied to the stagger of the ribbons in the even-nunbered assenbly X2 of
ri bbons R2,...R10. The distance as rreasur%d by the length of the el ectrodes
2,4 and ribbons R between the nenory arrays Min one stack Si and the
menory arrays Min the other stack S2 would then be simlar. At the end of
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every one of Rese IC C or on the rrbbon(s) and
t hen commmmemblﬂ:dhnegal@bilmfaslmmmtwlss hardwi red or wirel ess 35
contact(s). 29 MAY 2006 8 When silicon or silicon/ TFT circuitry on a

supporting svhébbﬂb@% ﬂlmgcﬂhe uké bFanveryhpgesumder bE seddkabiethdmosi | i con
driver rCUIBBX b ng.one.
1 ribbons, %the on y réstriction being access to silicon real estate in the silicon
or hybrid silicon/TFT circuitry case, a restriction which does not exists in the
“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, possible negative effects of such procedure can also be

25 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 in its turn appreciably shall reduce the
production costs.



surface end over the other as shown in fig. 4b before attachnent #ﬂgﬁﬂﬂhﬁ&t
pads on the underlying, not shown device substrate surface. If al river 5
circuitry is built on the ribbon(s) such bending is not required. The
resulting nmenory stack S built in this nmagner represents novel approaches
and solutions to the problens discussed in the introduction. Wiat basically
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to multi- | processing vanish. Simlarly, by avoiding the deposition of
top electrodes directly onto the nenory filnms, possible negative effects of
such procedure can al so be 25 avoided. A furt her positive effect on film
nmor phol ogy is the possibility to wutilize stretching of the filns before
baki ng, thus ensuring a nore orderly crystalline structure. Alternative
deposition techniques to spin coating, |like dip-coating/doctor

bl adi ng/ neni scus coating, may al so have positive influence on film

nor phol ogy. 30 Because the available area is |arge, a nuch nore rel axed
patterning process can be inplenented, allow ng non-Ilithographic tools and
true reel-to-reel processing to be realised. This in its turn appreciably
shal |l reduce the production costs. 29 MAY 2006



9 The large feature sizes that can be utilized will also inprove jfhgay 2006
signal/noise ratios with respect to cell signals, sinply because cef‘l Sl zes
are so much larger. This will allow nore variation in filmthickness etc.,
thus reducing potential problens relatedo processing nmenory structures on
flexible 5 substrates. Hi gh tenperature packaging is facilitated in cases
where devices are built on silicon chips, since the silicon part can be
processed and sol dered before the polynmer is attached. 29 MAY 2006 10

CLAI M5 1. A(ﬁfréﬁﬁ@ ectric or electret volunetric nenory device, wherein a
ferroel ectri ectret menory material (1) is provided in sandw ch
between first and second el ectrode layers (2;4) respectively conprising
first and 5 lseco fpapaldCétlcslrrelp@rd:ﬁ‘k(dumﬁncnndmgrydlemcreg witerdin anes (2a)
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at right andinstand sceand ebqq’iecrde Imer&e(%4m&neytwely eompeisited Fmstdandh vol urres
f I
o ”E”DBY ”BsfeIEBh& p Eéliél %ﬁg@g&%@%cﬁ%‘é@? nﬁf‘rf%o%trh‘{ﬁae% ng‘g%i aHE B’i‘Phﬁeé' nes

(2) and bit eelnapura ys are
pr ovi ded in(48) péagnatméaﬂdmsa legnemeshi arras (Mhewa@releagercbhees(%@kami

nmenory arr alefogt fiab (% llg £5of Qf‘e MH? gM) %%Vdr?@nt@ﬂ %Hb&aﬁﬁ'{:k}y‘%{trﬁ hg% ation,

characteriz nmenory_ arrays orrre wth two or
more ribbon qaﬁh@tb%mh@rﬁ@s WWOB@P‘%G a5 defineth it yeluwnes eEmemeory maéeriadk her

15 each ri bl{‘?ﬁ"shh&ﬁlci{erdj@étw&n(l%kPéﬁm bﬁsgﬂlgawbmid@sem ldhatlﬁﬁhﬁeé ), of
rjia that at Teast one electrod : 'S pI’OVI ded

non- conductin te :
on a réQpectqﬂ%erVr‘glﬁfFH‘cépé‘Fratlﬁﬁ of yRGMPEY @rrays ke tmmlﬁgna@t e@é&f)n@ﬁ&ac

el ectrode |@)}%hcﬁ%héﬁtlﬁ%ﬂ%hﬁ%d@%@k|o¢'m§ﬁ16kﬁﬁrﬂa&§?e§l'12€§ﬂfé@ﬂ§n{o¥? 4a)
provi ded Jendln al ong the ribbgn-like structuré (R) and a | ayer” of

memory mat erde¥icOWtn§ volwmeli¢ ganHLUIraio. one el ectrode | ayer thereof and
ext ends uni rghRFAtEEREd 1R EhYEE BtacRY SSATeRe®bry Afralks FRONTS! fdfth et Withttwor t hat

each merory n%(r)rre %bg% like structures (R) being folded and/or braided into each other,

15 each ribbon-like structure (R) comprising a flexible substrate (3) of
non-conducting material, that at least one electrode layer (2:4) is provided
on a respective surface of the substrate, such that the at least one electrode
layer (2,4) comprises parallel stripe-like electrodes (2a,4a) provided
extending along the ribbon-like structure (R) and a layer of memory material

20 (1) covers the at least one electrode layer thereof and extends uninterrupted
between the edges of the ribbon-like structure, that 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 that the word lines (2a) and the

25 memory layer (1) of a memory array (M) in a stack (S) are contained in the
first ribbon-like structure (R) of a pair of adjacent structures of this kind and
the bit lines (4a) contained in the second ribbon-like structure (R) 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
30 provided in a mutually staggered arrangement.

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

35 ribbon-like structures from stack to stack.



of the stack (S) is forned by overlapping portions of a pair of a@igggDoos
ri bbon-like structures (R) folded and/or braided such that they cross in
substantially orthogonal relationship, and that the word lines (2a) and the
25 menory layer (1) of a nmenmory array (M jijn a stack (S) are contained in
the first ribbon-like structure (R) of a pair of adjacent structures of
this kind and the bit lines (4a) contained in the second ribbon-Iike

structure (Ry thepedrrodectrid 8f El&'t%%tvfdlﬁm@frl@hﬁﬁﬁé@l daﬂlc@ra%bbrdangﬁaory
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structures fro tack to stack. 29 MAY 2006 11 4. A ferroelectric or

el ectret vol ﬁﬂg%qi?c menory devi ce according to claim1, characterized in

that the ribbon-1ike structures gR) are arranged in two or nore subsets (X)

thereof , wit 8.t he firmoeleririe os etagtralvedunRriric mesaery deyigerncsandiag toei ng

oriented par ldifd 4t§n£‘2f:{kkpzte'aeifn B3t Yt RAREHORE ?mﬂdhehkel%}ﬁfct&et(fl?) ?{)cﬁﬁ‘@achand
bbon- R) In other di :

non-parallel to ri e structures. i >r different sets
ferroel ectri ©fat ledss swoegubsetsu@el isi pr yithelgngatuginal eleagodes (Zdaiom 4,

charactegi ze tructure (R) from each of
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10 one side and a r heo her. 6. A.ferroelec
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S oot e L oA R here At Bl Rl el SELAL BBy Rl
f erroel ectri stractirke (R) eompatibletwitle angimen Yunetvowa ityoaforhei sigck 6S).cl ai m 1,
characterized in that each of the ribbon-like structures (R) has been

15 7. A ferroelectric or electret volumetric memory device according to

>

claim 1, characterized in that each of the ribbon-like structures (R) has been
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.

20 8. A ferroelectric or electret volumetric memory device according to
claim 1, characterized in that two or more ribbon-like structures (R) in the
stack (S) each comprises a set of electrodes (2a;4a) respectively provided on
opposite surfaces of the substrate (3) and extending along the length of
theribbon-like structure.

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

30 optically to circuitry external to ribbon-like structures (R).

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



pre-formed and prepared with insulating and/or conducting and/ or 29 MAY 2006
sem conducting layers and structures in its cross section and/or on one or
both of its surfaces. 20 8. A ferroelectric or electret volunetric nmenory
device according to claim1l, characteri.zegd in that two or nore ribbon-1ike
structures (R) in the stack (S) each conprises a set of electrodes (2a;4a)
respectively provided on opposite surfaces of the substrate (3) and

ext endi ng al ¢omg thefdr%ﬂébtrﬁf or E:l"e%tﬂebb@mﬂlbifﬁ: fifemiertyud @1085080rd‘in to

ferroelectric, or ctret vol.une aim 8,
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by bei ng conptack€8)thasa globaddisulgting elagtensr ormbaa drrisahpdtied sindaced.i ve
and/or passive circuitry at or near one or both ends of the ribbon-Iike
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or 30 optically to circuitry ext structures

ferroel ettri elagm bl charpeterizedumthat at leagbeye a@ho@ehb@éamtufg &) indhgi m 1,
charact eri zeggcR (sgq«lfastahr% (fﬂf‘%&@is AFTERNE Frdth th@%?ﬁelt M’Bbéhfﬂl@é Sithictuty PES
of ribbon-like strdactures (R). 29 MAY 2006 12 11. A ferroelectric or

el ectret vol (Rbtipithe evice according to claim1, characterized in
that at | east one ribbon-like structure (R) in the stack (S) has a gl obal
insulating |ayers on one or both of its surfaces. 12. A ferroelectric or

el ectret volunetric menory device according to 5 claiml, 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), in the stack

(S).





