2 2 SEP 2004 1 Multidinmensional addressing architecture for electronic

devi ces The present invention concerns a neans for providing addressability
in an apparatus conprising one or nore volune el enents, said One(”ZT?H@MM
volune 5 el enments corresponding to discrete nmenory cells, diodes,
transistors, sw tching devices generally,1sensors and detectors, either
separately or in conbinations and with three or nore termnals, wherein
said volume element or volunme elenents together with said nmeans form a
part of a twMuttidihersiondl wddyessing arahitecture féx dle2ppaiiztdeviceherein a
vol une el enent conprises 10 one or nore cells having a data storage,

dat a- processi ng or signal-processing functionality depending on the
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N-term nal access to vo enents or I on ereo
t hr ee- di mensSHABItaRgAYS & esmce?dtqsm@wlmé@é meomm%@reiwtmdes formed by said

means and contacting said volume element for effecting a selective
interaction therewith in a region thereof in close proximity to said electrodes,

20 and wherein said region defines a cell in said volume element thus interacted
upon.

The present invention also concerns an apparatus for data storage, data
processing signal processing or sensing and detection and comprising one or
more volume elements and means wherein the means together with one or
25 more volume elements form a part of a two- or three-dimensional matrix in
said apparatus, wherein a volume element comprises one or more cells
having a data storage, data-processing or signal-processing functionality
depending on the electronic or electric properties of a material of said
volume element, and wherein the apparatus comprises more than one matrix
30 of this kind.

Generally the present invention discloses addressing architectures that
provide electronic N-terminal access to volume elements or regions thereof
in two- or three-dimensional matrix structures, where the number N of
terminals to be connected at each address in the matrix is at least three.



termnals to be connected at each address in the matrix is at |east three.
22SEP2004 2 Orthogonal addressing matrices in two di nensions are enpl oyed
extensively in a wide variety of electronic devices such as camer? ,
menory devi ces and displays where it is required to have uni que e 2(§(EIP()2IqB4C
access to each individual matrix element. » The sinplest type of matrices
consists of one set of nutually parallel electrode lines (terned "a"

el ectrodes below) in one plane, located in proximty to another parallel
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a 25 functional mediumin the form of a continuous or patterned structure
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and the “b” electrodes, then being capable of realizing memory elements for
storing binary or multilevel logical values.

20 A device based on matrices of this kind are e.g. disclosed in International
patent application No. PCT/NQ98/00185 (US Patent No. 6 055 180),
assigned to the present applicant. This concerns an electrically addressable
passive device which can be used in optical detector means, volumetric data
storage devices or data processing devices. The disclosed device comprises a

25 functional medium in the form of a continuous or patterned structure which
may undergo a physical or chemical change of state. This functional medium
which corresponds to the volume element or the present invention, comprises
individually addressable cells provided between the anode and cathode in an
electrode means which contacts the functional medium in the cell and causes

30 an electrical coupling thereto. The anodes are provided as a first set parallel
stripe-like electrodes in a layer contacting the functional medium on one side
and the cathodes are provided as a second set of stripe-like electrodes that
contacts the functional medium on the other side, the stripe-like electrodes in
each set being mutually parallel and each electrode set being oriented such

35 that the electrodes in one are oriented orthogonal with respect to the
electrodes in the other. In practice a cell in the volume element of the



and the cathodes are provided as a second set of stripe-like electrodes
that contacts the functional nediumon the other side, the stripe-Ilike

el ectrodes in each set being nmutually parallel and each electrodﬁhz E
being oriented such 35 that the electrodes in one are oriented ort g b 4004
with respect to the electrodes in the oth®r. In practice a cell in the
vol une el enent of the 22SEP2004 3 functional nmediumis now defined at the
crossing of a stripe-like electrode of the first set with a stripe-like
el ectrode of faheticredaneldsmt is Woendefined ht the ¢rhossingdela sarips likddslesizede of. 9.
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to the present applicant, discloses a ferroelectric device for processing and/or

storage of data with passive electrical addressing of the functional medium
20 which is a thin film of ferroelectric material provided over and covering the
electrode sets which also here are provided in a bridged arrangement.

In all the above-mentioned devices the functional medium corresponding to a
volume element provided between or over the electrode sets can be deposited
as a global layer, in which the individual cells of course, always will be

25 defined by the crossings between electrodes in the first and second electrode
set respectively. However, the functional medium forming the element may
also be patterned or pixellated such that individual volume elements are
provided between or over the crossing of the electrodes in the respective sets,
thereby forming a volume element comprising only one cell. This, of course,

30 does not affect the total possible number of cells in the matrix, as this
essentially will be the product of the number of electrodes in each set.

In arrays and matrices of the above-mentioned kind that store or process

electrical signals the matrix or array elements thus defined may include

various kind of components and circuitry, depending on the application, but
35 at each crossing point only two independent electrical connections to the



provi ded between or over the crossing of the electrodes in the respective
sets, thereby formng a volune elenent conprising only one cell. This, of
course, 30 does not affect the total possible nunber of cells in thg7 SEP 2004
matrix, as this essentially will be the product of the nunber of

el ectrodes in each set. In arrays and matrdces of the above-nentioned ki nd
that store or process electrical signals the matrix or array elenents thus
defined may include various kind of conponents and circuitry, dependi ng on
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SRAMdewces, shown 1 n el ectronic circuitry 1st
in quasi - pl ah&es ai, b; and ¢,. By only choosing the combination aj, bjaco umn is ¢ osen

and a specific element is not addressed until also ¢, is specified. Any element
that fulfils the requirement i€ (1, iyax), J€(1, jmax) @nd ke(1, Kmax) can be
reached through an addressing combination of a;, b; and cy.

20 The physical implementation of the addressing schemes discussed above is
not simple when each element in the matrix shall be accessed by three or
more terminals.

In two-dimensional prior art cases, as exemplified above for SRAM devices
and shown in fig. 1, electronic circuitry is typically made in quasi-planar

25 fashion when the physical location of each element in the matrix is defined
by two coordinates. Layer is built upon layer in a series of deposition,
masking and etching steps involving precision alignment operations, etc.
This approach affords only limited scalability and flexibility, and leads to
rapidly increasing topological complexity as the number of terminals at each

30 matrix coordinate increases.

Regarding true three-dimensional matrix addressing schemes as shown in

fig. 2, there are as far as can be ascertained no examples of high-density prior
art devices made by mass manufacturing processes. In practice functional
addressing schemes for matrix addressing in three-dimensions have not been



25 fashi on when the physical |ocation of each elenment in the matrix is
defined by two coordinates. Layer is built upon layer in a series of
deposition, masking and etching steps involving precision alignmedt? SEP 2004
operations, etc. This approach affords only limted scalability and
flexibility, and leads to rapidly increassng topol ogical conplexity as the
nunber of termnals at each 30 matrix coordinate increases. Regarding true
t hree-di nensi onal matri x addressi ng schenmes as shown in fig. 2, there are
as far as carabetmsnplememteethile sémmibahesusily dehigwidgrisint yomplexity and hiiglvi ces
made by nass n Ul 1R rogesses., ln practice.functional addressing
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region

respective two-dimensional planar layer forming an additional part of said
matrix, said layers of electrode sets being substantially mutually parallel,
that a set of strip-like electrodes in a layer is oriented at an angle to the
projected angle of orientation of the electrode sets of the proximal

20 neighbouring layers on said layer, such that said sets or strip-like electrodes
in proximal neighbouring layers exhibit a mutual non-orthogonal
relationship, and that said electrodes contacting said region of a volume
element are formed by a crossing of three or more of said strip-like
electrodes in said respective electrode sets contacting said volume element,

25 such that said cell or cells of said volume element in any case is located
therein between or at said crossing of said three or more strip-like electrodes,
a selective addressing of a cell taking place by applying a current or voltage
to a selected strip-like electrode in each of the electrode sets either
simultaneously or in a temporal sequence defined by a predetermined

30 addressing protocol.

In a first advantageous embodiment of the means according to the invention
the substantially parallel strip-like electrodes are provided equidistantly
spaced apart.



el ement are fornmed by a crossing of three or nore of said strip-1like

el ectrodes in said respective el ectrode sets contacting said vol une

el enent, 25 such that said cell or cells of said volunme elenment in any case
is located therein between or at said crossing of said three or noge SEp 7004
strip-like electrodes, a selective addresging of a cell taking place by
applying a current or voltage to a selected strip-like electrode in each
of the electrode sets either simultaneously or in a tenporal sequence

defined by apnedRbadidvadtagddud MBSt tRIftheRéand &@raiﬂgio gfvant ageous
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el ectrode seelectmdespespéatively gontdcting a teriminshireatcelnandntan listeget suckp t o
four term nal, QLnfhree electrode sets for providing an electrical
connection to at Teast two cells wwth 20 at nost up to two term nals each.

According to_the jnvention the nunber of strip-like electrodes provided in
a 15 * °n various further advantageous embodiments of the means aceor ing to the

invention the means comprises three electrode sets for providing an electrical

connection to cells with up to three terminals, or four electrode sets for

providing an electrical connection to cells with up to four terminals, or three

electrode sets for providing an electrical connection to at least two cells with
20 at most up to two terminals each.

According to the invention the number of strip-like electrodes provided in a
respective electrode set is selected with regard to the number and geometrical
arrangements of the cells in the matrix, so as to maximize the number of
addressable cells therein, and preferably is then a number of strip-like

25 electrodes provided in a respective electrode set is selected so as to enable
the addressing of a cell in the matrix.

In yet an embodiment of the means according to the invention wherein each
cell in a volume element in the matrix is provided with at least two terminals,
it 1s considered advantageous providing the electrode layers and the layer or

30 layers forming the volume elements in a sandwich arrangement, such that an
electrode adjoining a surface of at least one volume element layer in an
interfacing relationship thereto, whereby the crossing between the strip-like
electrodes in each electrode layer defines a cell in the volume element, and
preferably is then a diode junction provided between an electrode in an

35 electrode crossing and a cell defined thereby.



respective electrode set is selected with regard to the nunber and
geonetrical arrangenents of the cells in the matrix, so as to maxim ze the
nunber of addressable cells therein, and preferably is then a nunbe 0
strip-like 25 electrodes provided in a respective electrode set is sePecg é
so as to enable the addressing of a cell fn the matrix. In yet an

enbodi nent of the neans according to the invention wherein each cell in a
volune elenent in the matrix is provided with at least two termnals, it
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electrigall Y 24 t

above- n’gﬁtloﬁedﬁﬂ:bj egt?'s an pa;f'lfll 3 %o &lﬁ rspo gﬁﬁ”é%ﬁﬁ g(rg%t-fgﬁeb%lpg
real i zed wit khatastenped in tlmtatbcmatmgs taoe phevigeddnrt staak@tmamngbmemg
characterize I

wher eby t he gvpﬂpézgtragfus ?@E%mgg gﬁsngtvﬁll@%g rugﬁﬁlﬁ@rgfﬁ{sﬁgc e matrl ces for
data stor age dathastorgge ciata progessingsiagradgnglrposssiing agiyendy the t he
functionali tYuRén@l?émP/gWédc’h ﬁlﬁﬁﬁ?%?ﬁ@gfﬁckw I'n an advant ageous enbodi ment

of the apparatus acco ng to the invention the apparatus is provided on a
substra co r| SI rate rc connected wi t.h the, el.ectrodes of
The: meahs { othandiatE b fgncul o the AP Ranstos acoPrdiBe A BV I | ons
in the cel | S tl@é apb@ra!‘@d inprostigedohs afbstie comprising integrated circuitry
connected with the electrodes of the means for implementing driving, control

10

and error correcting functions in the cells of the volume elements of the
matrices.

20

The invention shall now be described in more detail with a discussion of
exemplary embodiments taken in conjunction with the accompanying
drawings, of which

fig. 1 shows as mentioned above an example of prior art matrix addressing
25 with lines for four terminals,

fig. 2 as mentioned above a prior art orthogonal three-dimensional matrix
scheme,

figs. 3a,b a prior art orthogonal matrix addressing scheme for devices with
three terminals, consisting of two two-terminal sub-units,

30 fig. 4 an addressing matrix according to the present invention,

figs. 5a-5d variants of a first embodiment of addressing matrices according to
the present invention,



matrices. 20 The invention shall now be described in nore detail with a

di scussion of exenplary enbodi nents taken in conjunction with the

acconpanyi ng draw ngs, of which fig. 1 shows as nentioned above a? Emd,;e
1'g.

of prior art matrix addressing 25 with lines for four termnals,
mentioned above a prior art orthogonal thr&e-dinensional matrix schene,
figs. 3a,b a prior art orthogonal matrix addressing schene for devices with
three termnals, consisting of two two-term nal sub-units, 30 fig. 4 an
addr essi ng ndigsi. Yaseftvarianty dfa sdvondranbodimententt iherprebemisinveatipd, vari ant s
of a first enbodi nent of addressing matrices according to the present

nvention, 2 (7578 f¢ SAiignd &wmr@%nﬁ{od{ﬁ{ehftgﬁh@@ﬁ epRiRpcypsbodi ment of

the present invention, figs. 7a-7e variants o ment of the

present inven S. erred enbodj nent .of the
present i nven{ig%nr?a’ér‘i’g‘ %X%‘PBf.% @tngﬁréfg%@' 'cémBPd %&Wﬁeﬁ{f IIY”I”?«‘é‘tlﬁpesent

i nvention whand el enents at crossing points in a matrix exhibit rectifying
di ode behaviour. Fig. 1 shows as already discussed in the introduction a
prior ar nal
o o M SRR EaAHAEDE i SoSENTNG bl anbUnfof PR AChAARS
readi ng. |f B tressing ppintaie a matreheshibit ractdjying diasls) mguaddressed

Fig. 2 shows as also already discussed in the introduction, a prior art

ort hogonal tIFiget sRowsnl alf@idy disegébedsini the 1ﬁ€rbdﬁ§t1bﬂ 4 DirRe a}t ABAfdsSihg

Each crossi ng 0| ntf bﬁtg@ el ectrode 1I l.nes ldef| neﬁ 8 Si c{ e]?ré) Ofdl nat e
in the matrP%X"dRE €5 emesy sellpina.nlanss pghogp W 11gFS
devi ce. 15 | ar@nhdedsshey,reptaenthgaipihiing, herige, ?Qhwrebdﬁi@flﬁ@ﬂdar{mdblt are
princi ph@s of ht he resent | nventlgcgdt here shall now be given a brief

di scusston of AR nchrfbrrecaalp{nq}ﬁ I£8%5H nal devi ce consisting of two

termnal subunits in principle can be addressed by three sets of parall el
el ectrodes aFigngehows asralbogbeatly discussed in the introduction, a prior art

orthogonal three-terminal matrix-addressing scheme in three dimensions.

das

Each crossing point between electrode lines defines a physical co-ordinate in
the matrix and can accommodate a three-terminal circuit element or device.

15 In order to better elucidate the general background and principles of the
present invention there shall now be given a brief discussion of how a prior
art three-terminal device consisting of two terminal subunits in principle can
be addressed by three sets of parallel electrodes arranged in orthogonal
relationship to the overlying or underlying adjacent electrode set. In this

20 connection it is, however, important to note that this device is nothing more
than a simple extension of the prior art passive matrix device with addressing
to cells defined by the electrode crossings and consequently comporting the
same disadvantages as already set forth in the discussion of the prior art in
the introduction.

25 If each element in a two-dimensional array has two sub-units, each of which
is of the two-terminal type, the element can in principle be addressed via an
orthogonal passive matrix network. A prior art scheme of this kind is shown
in figs. 3a,b, wherein only three electrode layers labelled 1, 2 and 3 are
provided in what may be part of a stack with many more layers. The two

30 elements M1,M2 which in fig. 3a are shown sandwiched between the overlap
regions of the electrodes, i.e. between electrodes 1 and 2, and between
electrodes 2 and 3, can be activated separately by proper electrical
stimulation of the crossing electrodes. A true three-terminal element located



relationship to the overlying or underlying adjacent electrode set. In this
20 connection it is, however, inportant to note that this device is nothing
nore than a sinple extension of the prior art passive nmatrix deviﬁg%ﬁﬁgEmM
addressing to cells defined by the el ectrode crossings and conseq
conporting the sane disadvantages as already set forth in the discussion
of the prior art in the introduction. 25 |If each elenent in a

t wo- di nensi onal array has two sub-units, each of which is of the
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orthogonal passive trix ﬁD 8{’|or art schene of kind,is shown
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el ectrodes 2 and 3, can be activated separat eI y by proper eI ectri cal
stinmul at$on dfs carebesoss frogm di b, dle orthagonat clduvtmalet anran gerhent mvelves
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arrangenent batwesrethe el@ngrqdarsalﬂ éhemolsm fungdapeerntsl Hutattfgl dnedethee and/ or
capaci tyye Ch?fsﬁnle%%r’{g%‘ﬂ%%tf‘dcfe%t rQH&’% 6@3&1{3‘3{% Sﬁﬁ@grﬁkﬁ%hgagﬁldgyer

in a stack as's ort ant vice struc es bas
gl obal funct rclamdcvucayaamelmﬁ thuncéloeﬂab&ammnwr@uct e the diregtion

fundanent al - plfidrdié #r 498d fajdhe. 48RP RXGeE (GHAR il ELRH hefesed and 3

out side the ssing area _cont-ainin uncti onal

| ayer can cofglfsttodes k ped g; along the P%bl%’@rﬁh@é‘l}haﬁ Q‘-‘erdﬂé fragrethe crgsgingect
| eakage curr gﬂfnt%ttlﬂeee)ﬂg%tﬁ‘ tl?l%tl‘ﬁ’ﬁfrik Phi?G5 A0deoul l%@taﬁonaleQEchﬁH f ull

| engt h of the el ectrodes fromthe crossing _paint tQ
mat ri x. 1hi simportageapplisations mh %meé&@n)fu@mﬁgewnh@ae baﬁﬁ emfam ons

such as ”Emﬁdye‘i‘i‘lébﬁﬁéeﬂ‘kk'&n@ﬂl%s ki sdb) Snﬂ‘%mérd{lrrélﬁY&fntfcheb‘ﬁ@%tc%ﬁgM)‘E‘i‘es
1 and 2) and One current gontrol, or swtching |ayer (befween el rodes 2
and 3). (between electrodes 2 and 3).
Furthermore there is a rapidly increasing problem of crowding in supporting
electronics and connections at the edges of the addressing matrix as the
20 number of terminals at each element address increases. As shown in fig. 3b,
this can be somewhat alleviated by placing the drive electronics for the
electrode sets 1 and 3 at opposite sides of the matrix. This strategy provides
only a maximum of four separately driven electrode sets, corresponding to a
four-layer stack instead of the three-layer one shown in fig. 3a. As mentioned
25 above, however, stacks with a larger number of layers may be desirable in
many instances. [t may also be desirable that all the electronics should be
located on a common substrate, €.g. a silicon wafer. This implies that
orthogonal matrix stacks of the type shown in fig. 3b and containing more
than four electrode layers shall need high-density electrode connections
30 extending over longer distances to other, unused parts of the substrate, which
is undesirable in most cases. Alternatively, driving electronics modules
belonging to different electrode sets must be stacked on top of each other.
This comports a host of undesirable features, e.g. the need for other types of
semiconductor technologies (thin-film transistors, etc.) and complications
35 related to crosstalk, thermal management and processing incompatibilities
related to stacked active circuitry.



Furthernore there is a rapidly increasing problemof crowding in supporting
el ectronics and connections at the edges of the addressing matrix as the 20
nunber of terminals at each el enent address increases. As shown in fig. 3b,
this can be somewhat alleviated by placing the drive el ectronics fot2t588 2004
el ectrode sets 1 and 3 at opposite sides di) the matrix. This strategy
provides only a maxi mum of four separately driven el ectrode sets,
corresponding to a four-layer stack instead of the three-layer one shown
in fig. 3a. /Eégnmintlusimmszmeéalasicq;rihci\pdaeyefihesnmhs et i addegsgarg mantier of
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el ectrodes f ts

crossin pd&ﬁ(%‘é‘gﬁ%g?iﬁtﬁ%‘%ﬁé\ﬁ%@goéiﬁe TElllﬁ?ecf%ess ar eﬁeoc%lﬂecii Wi ﬁe shovvn
in a sihyl e tyminal censeqtionfelegding tthe edge ebtha @@tWt‘)ﬁh?f@sﬁbécﬁ eqtsodasc

other are ph)éﬁh%']hﬁ(kécpt&&ﬂ%hi’é Sﬁ'd‘%nﬁﬁ% &f&ﬁﬁgng points and typically Ile
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functional ehemmagementodtiedoaivertep even for a large N, e.g. with the angles between

neighbour planes (or layers or sets) given by 360°/(m-N), where N is the

20 number of terminals and m an integer less than or equal to N. As now no two
neighbour electrode sets conformally overlap, capacitive couplings will
largely be avoided.

An important aspect of the present invention which sets it apart from prior art
can be seen clearly by viewing fig. 4 in conjunction with fig. 3. As was

25 discussed above, the prior art arrangement in fig. 3 cannot be used with
devices made with global functional layers that conduct in the direction
perpendicular to the layers, due to the extensive overlap of electrodes in the
sets 1 and 3. Also, the overlap may cause excessive inductive or capacitive.
crosstalk. In the non-orthogonal case illustrated in fig. 4, the only point of

30 overlap between the three electrodes communicating with a given device is at
the crossing point. Clearly, while shown here for electrode arrangements with
N = 3, the same also applies to non-orthogonal matrices with N > 3.

Comparing now the true three-dimensional prior art matrix shown in fig. 2
and the addressing matrix according to the present invention as shown in fig.
35 4, there should be noted that in the latter case an element can be wholly



crossing points in the matrix can be accessed by up to N = 3 independent 15
term nal connections |leading to the edge of the matrix where the el ectrodes
can be linked to driving and sensing circuitry. The various el ectro@ez‘?ﬁ{ 04
can be rotated such as to offer a symetrical arrangenent with no ove a@
even for alarge N, e.g. with the angl es ddtween neighbour planes (or

| ayers or sets) given by 360/ (nN), where Nis the 20 nunber of term nals
and man integer |ess than or equal to N. As now no two nei ghbour

el ectrode setdefingditr selectingwaly o nmapparaliel dincsufhungexaliskive dddrgsding be
avol ded. An_LSRRE ERReRTAH (bslie HRTEN ', 18RRI, Mkl ELE, burRar |
fromprior art can be seen clear y view’ng f1g. I'nconj unction wW’th
fig. 3. As wly 2Bi.dhdenddbg abpairs astelhasdhe driplextaiabgerknt in fig. 3
cannot be used with devices made with gl obal functional |ayers that
conduct in tiByegy ebahéennin QR patik abldascriibed ABol@yeLrdlatei® theeé Nen&@xthansi ve

overl a f electrodes, in,the .sets.1.,and ;3. ,Also, the oyerlap, ey cause
excess!ovg i n&ﬁ’&ﬁ)le\fgeﬁttnc(ﬂ a Gftf‘ﬁejﬁ‘.? m%"r&@éﬁ&ﬂk’ﬁ?w ‘?E’r?i' ‘i’i%ﬁ%‘?%‘?fg‘érﬁﬂ"%ﬁ%e
illustrated itnip[dsgNoﬂt(_:, hdsre_eoeni,yhmalﬁd 0j,k3Conmbgnhtigndeieadijethed ther ee

el ectrodes c?nﬁuni.catl ng with 2. given device is at the crossing point.
Clearly, whi UL A ﬁ?é QG FUist ect r ode arrangenents with N = 3, the sane

al so applies_ to ngon-orthogonal matrices with N > 3. Conparing now the true
t hr ee- di mensil dniat KoriZoy +dr t Wikgre N &heinan=f¥gx- 2 and t he addressing
matri x according to the present invention as shown in fig. 35 4, there
shoul d be notléds bélettibn rulenbabhbr applses ft eaiedd asangbmentoformiag? SEP

2004 11.defined..by se] ecti.ng on two pon; parallel lLines. Thus, exclusjve
addressif | EulRteraruTARAISy aS Shiwor g Ly Bualas quide Bierally Tox Sfectiodes
obt ai ned fr ofiokmidg réinguldr ¢rossirgd pat€éPnarwhdrejthe Gihnphisrmagbevef arbigatyhe
triple (ai, b Cﬁ)ﬁve{}%/ el enent _1n.the 1g&tri x as descri bed above is
related to tﬁp%%e Phadtt Ranmen cIassfi2 RPEEE i cal | y activated independently
fromeach other, either in pairs or triples. Note, however, that valid

i ,j,k conmbi nawyarigngs efipjsseond embadiment efiadgressing magrices pecordimgka2n+ |

, wher en=i max ghdhehitoh sHiwld R d’i‘é&?ﬁédf %%Fé‘%riﬁﬁis\’alﬁﬁ%bﬁ@%@étee' ectrode

arrangenents formng 10 equilateral triangles as shown In 4, but also
qui t e gbher afeyr-tspiapbdeyisga ot cells in a planar arrangement.
Figs. 5a and 5b show an extension of this principle to the cases with N = 4.
The addressing matrix is the same in both cases, but the external connection
arrangement in fig. 5b is more compact than that in fig. Sa. As can be noted,
in addition to the four-terminal crossing points there also exist crossings
20 between two lines only, oriented at right angles to each other. These dual line
crossings shall in principle represent a loss of addressing density, if only
four-terminal addressed devices or device clusters are to be incorporated into
the matrix. However, in certain instances it may be desirable to include both
two- and four-terminal devices into the same matrix, increasing the device
25 density.

In the variants shown in fig. 5a and 5b the addressing matrix is rendered as a
square with 8 x 8 = 64 elements or devices. However, with the number of
addressing lines restricted to 8 for each of the electrode sets a, b, ¢, d the
number of four-terminal elements will be less than 64. A variant embodiment
30 which allows 64 four-terminal elements in square 8 x 8 matrix is shown in
fig. Sc. The electrode sets b, d each comprises 8 lines respectively parallel to
the rows and columns of the matrix and are thus able to access all 64
elements in the matrix. The electrode sets a, ¢ which are rotated by 45
degrees with respect to sets b, d, however, must each comprise 15 lines in



formng triangular crossing patterns where the triangles my be of

arbitrary shape but with common crossing points. Now variants of adzsgggp(%
enbodi ment of addressing matrices according to the invention shoul 004
di scussed. These variants all acconmodate 15 four-term nal devices or cells
in a planar arrangenent. Figs. 5a and 5b dR2ow an extension of this
principle to the cases with N = 4. The addressing matrix is the sane in
both cases, but the external connection arrangenent in fig. 5b is nore
conpact t han ordeit ta acdesg allsed elanents. Genactlbdone has dddatrhatrix p;q that the
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passive as well active matrix characteristics are included, one class of
examples being active matrix displays with cells that are luminescent (e.g.
LED, microlaser array, gas discharge) or reflection/transmission modulating

20 (e.g. LCD, MEM). Also, memory devices with SRAM, DRAM and FRAM
architectures are clearly included (cf. the 4-terminal SRAM cell in fig. 1). As
obvious to persons skilled in the art, the total range of applications extends
much beyond the examples given here, which examples shall not in any way
be taken to limit the scope of the present invention.

25 Figs. 6a-6f and 7a-7e all disclose variants of embodiments involving N =13
connections at the crossing points between three electrode sets according to
the present invention. Two distinct cases are treated, illustrating the
flexibility of the present invention: In figs. 6a-6f three-terminal devices or
cells are hooked up to the three lines at the crossing point (matrix address).

30 In figs. 7a-7e, two or more two-terminal devices or cells are clustered at a
crossing point (matrix address), with different connections to three crossing
electrodes at this point.

In the first case, as shown in figs. 6a-6f, a single, three-terminal device or
cell, here termed A, is connected to the three crossing electrode lines. Fig. 6a
35 is a perspective drawing where A is hooked up to three electrode lines at a



addressing el ectrodes, addressing matrices can be created with N> 4. 10
Wth reference to figs. 6a-6f and 7a-7e variants of respectively seygggpqmﬂ
third enbodi nrents of the invention shall now be di scussed. Exanples 0
conponents that can be included in addressing matrices according to the
present invention are sensing devices, neddry cells, transistor conponents
and three- or nulti-termnal circuitry. The present invention provides for
the 15 first tine the opportunity of creating in a practical nanner quasi
two- di mensi onadsime pomtidstemendhail agerevhite figobbtisithe tepprespPhdivay  devi ces
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cx), cf. the perspective drawing in fig. 7a and the schematic presentation in

fig. 7b.

20 Fig. 7c shows a schematic for the case of two two-terminal components or
devices, A and B, which are both located at the same matrix address (i.e.
crossing point between three electrodes, in this case). A constellation of this
kind, suitable for use in passive matrix WORM (Write Once Read Many
times) or REWRITABLE memories, is shown in fig. 7d, where A and B are

25 a rectifying diode and a memory cell, respectively. Here, the diode A
provides suppression of parasitic current loops (“sneak currents™) in a
passive matrix addressing scheme, while B can be prepared in a given logic
state followed by a reading operation where that logic state is determined. In
one class of WORM memories, B is a fuse that under the writing operation

30 changes its resistance from moderate or low to high or infinite. While this is
possible in principle in a two-dimensional passive matrix scheme, i.e. as in
fig. 7d without the middle electrode b;, it implies that a high current must
pass through the diode during the writing operation. This puts restrictions on
the diode construction and performance which generally lowers the overall

35 performance of the memory. The third electrode b; as shown in fig. 7d
provides direct access to the isolated memory cell during writing and can



bj. Another exanple is given in fig. 6e, where a chem cal or physical
sensing conponent Cis incorporated into the gate connection. Wth the
other crossing points in the matrix simlarly equipped, there reSL2I02;§E[Fa 0
t wo- di nensi onal sensing or inmaging apparatus. By incorporating all h@
10 conponents A, B and C as shown in fig. 18f, a two-di mensional display is
created where the spatial distribution of Iight em ssion corresponds to the
spatial distribution of the streﬁggth.of the input stinulus to conponent C.

In the secon&fieabivelinbe idisqannestestiduringirgadingatins, pinyiding eppertuniiesdoni nal
conponent s OlopfiRiz&fs Alandd BA8¢hdrai¥lf, f{%i‘@%ﬁ@ﬁ?ﬁ&{tﬁnﬂbé{sﬁ%, Gﬁ{e"rN% \’fvhé‘gﬂg&ss,

15 i.e. electrode ross]‘lpgg, point (&, _bj, ) e matrix. Now, .
conponent s ﬁ&‘;ﬁt caeQnnestion agcgepgdhatmemery egdB gsindig. 7dis ¢mcalylp
Crossing poi Rertafn tyPdIGSREWRYTABI F #dheriafythel whiberda/tmselfpret &olg odes
(ai, bj)_or (ai, Cki1 orﬁi_ba, Cl}) cf. the perspective dra nglnf_ . 7a
and the 3chedmy9lve he appiisatign qfivoltagss agsossyepngmory cetoat Rave Hattatant
for the casepefariti®s AN@MAF TaRakidIPRAMRMSitede. TIEYicaaDe dctdgdeBwithi ch are
both | ocated at .the sane (tl“rgtrlx ;ddress (T.e, crgasbng&po%}gt bet ween .t hree
el ectrodes, PASHNFINRMEREYddIgsiggsteMetshsmon fig: Jd, RERES clearlydmpossile yse
I n passi ve naith thaNIrMihYY bi@entder]l. Read Many tines) or REWRI TABLE
menories, is shown in fig. J7d, where A and B are 25 a rectifying diode and

a menory cel g r ' | dj : OVi ) [ '
parasitic culrF’rl n’fé P%%%g\é?ﬂhi?\%gg@%ﬁ@psé@gﬁn& 'y eﬁ)élg\éé?e@%m%irgﬁg%@?%ggi ng
schemne, 1@hi | éraBsoussive dpsplpyy whermeachyelemmentolyj B angd €teanf bt subjedtdd/taathe
readi ng oper gt l Qi ¢S j: ' ss of
eRM nomor i e Bt ge Y P, 8 oSt ApRelipe BEIE BT hBedBRLRECE O o
resi stance fvehagesappliedde allothreo clicgtodss simbitahceuslyhthefallpwing

possible in L AGL L1 t wo- di nensi onal passive matri x schene, i.e. as
in fig. 7d \?\nbtlﬁgt‘%ﬁ mh?néddl e electrode bj, it inplies that a high current

must pass througtq‘atemildi_oge during the witing operation. This puts
restrictions on t dI Bde'€onstruction and performance which generally
5p

| owers the overall 35 perfornmance of the nennqcty. The third el ectrode bb as
shown i b5 fi gThizsidops oot peeclude éndividualsontroltafeAj Boand €4 wisebroandast | duri ng
writing and ﬁéﬂie%%%py’-ﬂ% %ﬁltﬁfgﬁeﬁ?ﬁgy?‘h% 10RAUSEOTRBH, HH WAV dr thdtRRE A%y
t hus provi ding opportunities for i i

cycle for electrically stimulating each element cannot be 100% in the general

casc.

A preferred embodiment of the present invention shall now be discussed

20 somewhat specifically with reference to figs. 8a,b which illustrates a physical
embodiment of a passive matrix addressing system with N = 3, based on
sandwiching of global layers of functional materials between the three sets of
electrodes. Fig. 8a specifically shows a single cell at the crossing of
electrodes a,b,c, and functional material M1,M2 interspersed between two

25 and two electrodes, a,b and b,c respectively, while the resulting matrix is
shown in fig. 8b wherein the cells with functional materials M1,M2 are
formed in the volume elements defined in the crossing points by the
overlapping ribbon-like electrodes. In many preferred embodiments, the
materials in the layers are non-crystalline materials that can be deposited by

30 one of several possible methods, e.g. spin coating, sputtering, doctor blading,
etc. The manufacturing sequence is as follows:

1. The first electrode layer is placed on the substrate:
2. Material M1 is deposited on top of the first electrode.
3. The second electrode layer is placed on top of material M1.



optim zing A and B separately. There are inportant cases, where the third
el ectrode connection accessing the nenory cell Bas in fig. 7d is critical:
In certain types of REWRI TABLE nenories, the wite/read/ erase protd¢@Es 604
i nvol ve the application of voltages across the nenory cell that have
different polarities and may vary wi dely li5n rmagni tude. This can be
achieved with passive matrix addressing by the schene in fig. 7d, but is
clearly inmpossible wth the term nal bj renoved. Fig. 7e shows a

t hr ee- el ement. (Mat¢riabM} )s @épasitedromtopeaf th mondeelleetrbdedaper 10

transm ssi ve gdi l; ected to the
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t he du cle for electrical stimulating each
el enent ann&foﬁéfn cﬁ“t“ﬁé"@‘é‘%"émt hegpayix AEBPPPLIP?EBH%WFM YR ¢ he
prfesent |n;/em1fﬂ1£mc§ﬁ‘thldtaﬂ@l¥\6vm d)ﬁ-hleraqtua&?e 129exsmaﬁemalh @ﬁﬁ@ta&k@@i‘rtlml}ﬂz‘eﬂ
rererence (0] | I C | ustr, es Sl Ca odl, nen 0 a
el vateat by Rnlonang kyars dhi g uhicntly Bikeet vdich DaRa Reen padepred
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el ectrodes ecifically s as r ng o
ol oot r odes achehed SRR Aitdarrric bondRetnge Wi ﬁ?l@?g%épgﬁaﬁsﬁemken two 25

and twol@l ecdiredesn aebu@pdeésed. respectively, while the resulting matrix is
shown in fig. 8b wherein the cells with functional materials ML, M are

formed in th?h\gaﬁﬂ#ﬁfelﬁ'cﬁ'@ﬁ%ﬁk%ﬁfdéﬁ?g is“wth(r?&w?gfiirxgg &ﬁ%ﬁ?’%s&%eﬁﬂé’tr

overl apping ri e electr ment s

n
mat eri al s i nagdeessigwithatveo psthagopgt &¢$|Qfélﬁﬁtf@¢¢samd ttrhaﬂrr@adﬁgréedepom ted
by 30 one of d%s%\ﬁ%ﬁé’d tdﬁ?&ﬁbﬁbﬁtmﬁfeﬁﬁﬂ%—s o i% retRbdiaf PRt EhregPUt tering, .

doct or bl adi ng he, manuf acturing sequence Is as follows; 1. Th
first electr@ evaemn%e PQ@éapbhcqtmsSwgngmgeto the mlﬁatw These puea

deposi t ggl onchpRn® atgniridd cﬂr@ﬁttE%MS withinthe R0 ofl RIdreQdRg! ayer is
pl aced on top, of terial
electrodes, 1nvolv1ng crossing between electrodes at several non-addressed
crossing points. Typically, such currents are suppressed by using a non-linear
impedance element, e.g. a rectifying diode in each cross-point. The same
remedy shall also be applicable in devices according to the present invention,
20 as can be seen by inspection of fig. 9 which shows three-terminal devices in a

triangular matrix where each device includes a rectifying diode.

The physical structure in fig. 8a is useful in creating devices of the class
typified in fig. 7c (which includes the examples shown in figs. 7d, 7e). In
memory devices as per fig. 7d, the diode i1s formed spontaneously in the

25 contact region between the electrode a; and a suitably chosen semiconductor,
e.g. a conjugated polymer that constitutes material M1, while the memory
cell B is formed by employing an appropriate memory substance as material
M2 between the crossing electrodes b; and c,. Similar structures can be used
to build displays, in which case material M1 and material M2 either emit

30 light upon electrical stimulation (e.g. light emitting conjugated polymers) or
modify light by absorption, reflection or polarization (e.g. liquid crystals).
Clearly, in the case of display with the volume element or elements, that is a
functional medium wholly sandwiched between the electrodes, at least the
electrodes or electrodes in a set on one side of the volume element or



15 4. Material M2 is deposited on top of the second el ectrode |ayer. 5.

The third el ectrode layer is then placed on top of material M. The

material |ayers nmust not exhibit too large electrical conductance in érﬁ

| ateral direction (i.e. perpendicular to the filmthickness), to avol P 2004
excessive 5 crosstal k between el ectrodes il6 the matrix. In applications
where a certain finite conductance is inherent in the layer materials,
crosstalk is mnimzed by enploying |ayers that are sufficiently thin, or
whi ch have betamenistrousiche transpareot,dsithahepessibhe exteptiomof onerddectrode at

Al ternativel Iw ]{qu '1%'] reated wi th ani sotropi c conductance,
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remedy shal | dafiangde cplpin sddlvlumeddyineas Paesrhdd Wdlimet dlemnesefthe

i nvention, 20.a an he seen by inspection,of fig. 9 which shows
L oot o aBindsfoRadh RE s Mauld BSE Sn e advilner i Rl sB0RERE Merudes a
(rjeCF i fyl(m]g dbeﬂ?ﬁcﬁtai bhﬁﬁ#t@ﬁljasjsma Qiewhg da@efw}iﬂ?] tl@ﬁeiirﬂagdﬁﬁﬂ‘eﬁts imﬁgs.le@f,i ng
evices of t class typified in fig. 7c ich includes the, exa S
Cho Tt odB o7 3 stk daseS bl pdk aJgart B W6 voltimE GimenEhe SEoRaR
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ot oh e meldRfedesroskile Reshdtifinll Bat A gims Aot blentert BRBEY T (Ll
stinul ation ¢esgcannggtbe activdteddn rogjongatdendiagybreyony the crossingyofl dlhthreby
absorption, refleciiofn Qr i ' |, chull y, in
the case of 8?359[{)?0&{? Swﬂt]%q glbéélté%bg{ﬁgﬁlﬁgt%ﬁa a&#@gﬁ%ﬁgéﬁfrﬁggiemggfﬁfﬁ
functional nechlize avselllin thafdwinoifeal vediced dransistorkrucudewithathel ssagte ahd
drain electrodes formed by electrodes a and c respectively as depicted in fig.

20 8a, while ¢lectrode b forms the gate electrode. Material M1 and material M2

must then have insulating properties while (not shown) semiconducting

material (the transistor channel) would extend between electrodes a and c.

Hence means according to the invention could be used for realizing matrices

comprising vertical field-effect transistor structures of the kind disclosed in
25 PCT/NO99/00013 which belongs to the present applicant.

In case a device embodying the teachings of the present invention is designed
with structures similar to the one disclosed in the above-mentioned
international application No. PCT/NO98/00212 at least a part or a component
of a volume element will be freely exposed to the exterior, thus obviating the

30 need for at least one set of transparent electrodes and making the device with
two-dimensional matrix of this kind eminently suitable for use in cameras or
display devices as mentioned.

In case devices with similar architectures as those disclosed in the
above-mentioned PCT applications belonging to the present applicant shall
35 be employed as data processing and data storage devices only, these devices



el ectrodes or electrodes in a set on one side of the volune elenment or 2 2
S E P 2004 16 el enents nust be transparent, with the possible exception of
one electrode at the outer end of the sandwich. It is to be understgod
that material M1 and material M2 in fig. 8a which together constdidt®Whe
vol ume el enent contacted by electrodes a, 16 and ¢ 5 coul d be fornmed as

gl obal | ayers extendi ng throughout the matrix and the region wherein a
selective interaction within a volume el ement takes place wll of course
be | ocated befweurse,lae discdosedilesrein, aoudd biersjackest tsoform Ruwlunietiiaideyice.
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(the transi Shtheﬁhl%” “ﬁ‘élhdhiglhfht@ihl%r\ﬂltmh%ﬁﬁaﬁilﬁytdﬁ%ﬁuﬁg @ﬁénfaneoh@”ce
means according,to the II‘]V&BUOI’] .coul @hllsed for reali trices .

conpri si ng vQF?‘i%&}ncﬂoé‘ISd” fafcq JPFIHH&IE? 1§ elgeds &3 1sqq§@e itp ghe prior
di scl osed i ngg5 PCT/ N0O99/ 00013 whi ch belongs to the present applicant. In
case a device enbodying t he teachings of the present invention is designed

:Mnt gr zgwg;;rﬁ%pp | ca %‘tﬁﬁlﬂ%{#ﬁ%%g%eﬁ%g l?%é{g% &toké’ d nmponent
of a vol une pugpeses be baseldeori naniigriak gabidting demxabke anodanaehdmrabtﬁmncng
e, 20 e Ul s ek RIS SR SR RLIR P
i n canmeras owalue by means of applied voltages to selected electrodes %/or uniquely
addressing a specific volume element or a cell thereof. The functional
20 medium of volume elements may also be provided by a polarizable material,
such as an electret material or a ferroelectric material which may be either an
inorganic or organic thin film, in the latter case most suitably a copolymer of
PVDF-TFE-type (polyvinylidenefluoride-trifluoroethylene copolymer). Such
materials are suitable for storing data in passive addressable matrices in
25 which case, however, write and read procedures via a selected word and bit
line respectively to a specific cell or volume element may require grounding
and/or biasing of the other word and bit lines not selected, in which case
devices with three or more terminals at each cell embodying the principles of
the present invention shall be advantageous. Similar considerations apply to
30 e.g. active memory devices wherein memory cells each comprises one or
more transistors as will be the case of prior art SRAM and DRAM devices or
with a memory with cells with cells combining active and passive principles,
e.g. ferroelectric data storage devices with memory cells comprising at least

35



di spl ay devices as nentioned. In case devices with simlar architectures as
those disclosed in the above-nentioned PCT applications belonging to the
present applicant shall 35 be enployed as data processing and datajysg Smpqgg
devices only, these devices 2 2 S E P 2004 17 of course, as disclose
therein, could be stacked to forma vol undric device. Two-di nensiona
natrices conprising the functional nmediumformng a global volune el enent
in the matrix or tterneazﬂﬂeforn1s parate volune, elenents in each

t wo- di mensi oﬁ&Ft SISter @ag astines ecitis §apagitorand whersin @gathai onal

appar at us aceelEtnBelémehhor RASRBY chMQHété@ﬂ‘rﬂhil Betﬂievx@&pﬁsverde@i& wigber
of electrodeéﬁets i.e. three or r.e. assi gned tﬁa %é&l di rensi onal
matrix in th U MAreisTEninAaly erabgdying, eRﬂmClP 5 eaPFesﬁ'bb‘dW&PUSE’nof
this kind is a data storage device, the functional nediumin the volune
el ements may be a suitable inorganic or organic thin-filmmaterial 10 with
el ectronic or electric properties that provides a volune elenment with
required functionality, or of course, any suitable conbination of such
materials, including materials with the capability of form ng spontaneous
di ode junctions with an adjoining netallic electrode, as discussed in the
prior art. 15 The functional nmediumin a volune el enent may for the data
storage purposes be based on a material exhibiting desirable inpedance
characteristic and allow ng the permanent setting, detection and reading
of an inpedance value by neans of applied voltages to sel ected el ectrodes
for uniquely addressing a specific volune elenent or a cell thereof. The
functional 20 medi um of volune el enments may al so be provided by a

pol ari zabl e material, such as an electret nmaterial or a ferroelectric
material which may be either an inorganic or organic thin film in the

| atter case nost suitably a copol yner of PVDF-TFE-type

(pol yvi nyl i denefl uoride-trifluoroethyl ene copolymer). Such naterials are
suitable for storing data in passive addressable matrices in 25 which case,
however, wite and read procedures via a selected word and bit 1|ine
respectively to a specific cell or volune el enment may require groundi ng
and/ or biasing of the other word and bit |lines not selected, in which case
devices with three or nore termnals at each cell enbodying the principles
of



t he present invention shall be advantageous. Simlar considerations apply
to 30 e.g. active nenory devices wherein nenory cells each conprises one or
nore transistors as will be the case of prior art SRAM and DRAM deviZckSE 04
with a nenory with cells with cells conbining active and passive

principles, e.g. ferroelectric data stord® devices with nenory cells
conprising at |east 35 22SEP2004 18 one transi stor and at | east one
ferroelectric caEacitor and wherein again a volune elenment or a nenory

cel | thereof FRJEDE PLAIMEd as a device with three or nore terninals
enbodying the principles of the present invention. 22SEP2004 19 PATENT

CLAIMS 1. A 1eans X eieansdior progidialg addsedthbility ihhncdppHtRalsed MApFASIHY bid NY
one or nore volune Ienenfs, sald.ane or nore v?lune el enent s .
cor respondi n§* I?Bred’félé'l“é‘i ElCTRGRIESAE | QNE OIMGEe ¥O ‘{mﬁﬁé‘?@%%‘fogﬁm%
devi ces genetaldiscrete sensoryscellzd diedess transist@ist beitchepadavRey genetdlly,
conbinah%ons and w t Qree or .. nore ternhpals, %gﬁrein said vquqP el enent
or vol um el SFBIRTS atf@g%? REVTSVFIEFTSEPATaERNRT rheammRinatiens,and, Wigh thrgg or
t hr ee- di mensinom@l terminalx, wheseindaidpphume u&mwﬂtemimldlﬁnueletﬂenteltegemer
conprises one .or e cell.s_havin data_ stora at a- processi ng.or
si gnal - pr oceé@?‘ﬁé%@fi?%rﬁ%mtaypﬂgﬁgﬁoﬁ% Q;ntthﬁe-?iﬁ@egp@@@? SRALEIX AN %I‘@ct ric
properties ofpparmtgrwheredfi aseoldmoelement comeprises oeorimoreaietlsieaisg a
provi des addressahility, 1o a specific location in aqvolune,.elenent,.
Cat abi | shi ng T ooub e Gt Fiing oF sietifarareising f¥e SRS FERBHR o,
i n caselB8ai dthoklevtronlie e el ectoiopropestiero £a netariahef said volume pleandrite cel |
t her eof , wherqj . ' Lfil - or. 15
ther cof "t aked s iLSad eahe BRbyes s 3RERMANGL B0 HEBGBUFR T, o FBldme
el ectrical celament by establishng asclestivecalectricati eonhestiend tbyaslvalumeans and
contacting sai SE, f ' I Lverd nt 'Ko)
therewith i %l%‘%’@gl on §+]sgep§;53¢1 v{oﬁﬁrgﬁoé;lgﬁtspggloﬁl]p? §se? gﬁﬂéﬁéei ‘5‘ a@lﬁ (r%i;)]%l’eé;, and
wher ei n sai dspedficoseltitigraef whersin theselactionsifimepasi Grarmlunteuelementoact ed
upon, 29? Cha%éﬂttﬁﬁféo‘ﬂaléé's i;i}fi:te b5yPh PrivRfiSe GHR HeReSs a1y SARAtanAbGE Sets of
plural electrically conducting )
electrical connection to three or more electrodes formed by said means and
contacting said volume element for effecting a selective interaction therewith
in a region thereof in close proximity to said electrodes, and wherein said
region defines a cell in said volume element thus interacted upon,
20 characterized in
that said means comprises at least three sets of plural electrically conducting
lines or strip-like electrodes, that each electrode set comprises said strip-like
electrodes provided in a substantially parallel relationship to each other in a
respective two-dimensional planar layer forming an additional part of said
25 matrix, said layers of electrode sets being substantially mutually parallel,
that a set of strip-like electrodes in a layer is oriented at an angle to the
projected angle of orientation of the electrode sets of the proximal
neighbouring layers on said layer, such that said sets of strip-like electrodes
in proximal neighbouring layers exhibit a mutual non-orthogonal
30 relationship, and that said electrodes contacting said region of a volume
element are formed by a crossing of three or more of said strip-like
electrodes in said respective electrode sets contacting said volume element,
such that said cell or celis of said volume element in any case is located
therein between or at said crossing of said three or more strip-like electrodes,
35 a selective addressing of a cell taking place by applying a current or voltage
to a selected strip-like electrode in each of the electrode sets either



lines or strip-like electrodes, that each el ectrode set conprises said
strip-like electrodes provided in a substantially parallel relationship to
each other in a respective two-dinensional planar layer form ng ar? 2 SEP 2004
additional part of said 25 matrix, said |ayers of electrode sets being
substantially nmutually parallel, that a € of strip-like electrodes in a
| ayer is oriented at an angle to the projected angle of orientation of the
el ectrode sets of the proxinmal neighbouring |ayers on said |ayer, such
that sai d sesimuvltaseouglyarida atemeporalieequénceptefmarhby acprgdbtarmingd| ayer s

exhibit a ”Ufa!clg}es@ﬁ[g)ﬁf&tPQSR”m 30 relationship, and that said el ectrodes
contacting said regl of a volune elenent are forned by a crossing of

three or mor ¢ of said strip- I('?.ke ellect rodes in said respective el ectrode
sets contacti?ng sat PEATSAFECEIBGIRCIAM Joh that said cell or cells of said
vol une el enegharatteriyed s chdtSuberaaitiadly pdrallel sirijplikeasle@rodés 68hfl crossing

of said three,or re. strip-1i el ect rodes, 35 sel ective addressing of a
cel | tak$ ng PIEetEP e&ﬁﬁ?ﬂ?%léﬁc‘%ﬂl}lgﬁ{alﬁfy §que£%par{.o a sel ect ed
strip-like electrode in each of the electrode sets either 225EP2004 20

si mul t aneousBy or A meansaegordingdeqlamd, defi ned by a predeternined

ddr essi o e . bl o hat
Substant ol | chafflrrizcd i IiE HSCIBEARULISBOI hetndlelk by pEOAIURE rEtdce ab0NLt 1o
provi ded equiediaxissubstastialypeapendiculr theratonty agiveuiangle or engles; in

characteri Zegeliaﬁoh%tatfl_@a 'tﬁ%BﬁrBﬁﬁn Fﬁci{ggpbpﬁggglgéﬁggé sQst‘é{lEﬁ’?ﬁls[tlcﬁtﬁfced

about an axis substantially perpendicu a given angle or

angl es, 19n  péthe sHipdikeglersades imsaidrproximpl neigbovaing eleetrode s6tie set s,
such that noggnf@n®illy B9edhpi P-11ke el ectrodes in said proxinal
nei ghbouring el ectrode sets conformally overlap. 4. A neans according to
claim1, character, zed in tha{i}i aItI qlectrode sets in the matrix are

BO0E 8

provi ded nut f’fal I yA P88 &§¢8 £ %ﬁls}’subst antially perpendicul ar
thereto, by shgracterizedyirethmt allléleatrgde setssincthet inatrixane podvided muniablyl i ke

aceor ding toraPirhubUERE SR LRSIy pRAREIIRt that¥l ks gfver WIBREY
15 angles, such that none of the strip-like electrode in any of the electrode sets
conformally overlap.

5. A means according to claim 4, characterized in that the given angle of
rotation between an electrode set and a following proximal neighbouring
electrode set is 271t/(m-N) or 360°/(m-N), N being the number of the strip-like

20 electrodes respectively contacting a terminal in a cell and m an integer such
that m<N.

6. A means according to claim 1,
characterized in comprising three electrode sets for providing an electrical
connection to cells with up to three terminals.

25 7. A means according to claim 1,
characterized in comprising four electrode sets for providing an electrical
connection to cells with up to four terminals.

8. A means according to claim 1,
characterized in comprising three electrode set for providing an electrical
30 connection to at least two cells with at most up to two terminals each.

0. A means according to claim 1,
characterized in the number of strip-like electrodes provided in a respective
electrode set being sclected with regard to the number and geometrical



rotation between an el ectrode set and a foll ow ng proxinmal neighbouring

el ectrode set is 27c/(mN) or 360/ (nmN), N being the nunber of the
strip-like 20 el ectrodes respectively contacting a termnal in a cglj SEngm
an integer such that nSN. 6. A neans according to claim1l1, characterized
in conmprising three electrode sets for pr@liding an electrical connection
tocells with up to three termnals. 25 7. A neans according to claim1,
characterized in conprising four electrode sets for providing an el ectrical
connecti on t arasgemenits bf the colls outhe sratiinabe as 8o ndaxiezize the nambergft o

claim1l, char gﬁ}@srshﬁﬁdcélfb @%lilalhl sing three el ectrode set for providing an
el ectrical connecti on | east two cells with at nobst up to two

term nal s ea(ila 9.. A neans according to claiml, characterized in the
nunber of striVp- | A B%ANSs ACCh 19gPAIRMRE>in a respective el ectrode set

bei ng sel ect eHaciériz&Da the ﬁuﬁi&@r M%’ﬁ%-lﬂﬂﬂel@@ﬁ@ﬁ& p?@hd%d%nsa Fespee@Péd 21

arrangengnts of th ceIIS|n trix Xlmze uimber of
Sdrocsabi e elatiode saideng feledie ﬁ§ta@eal>ﬁﬂb§4 Tessing, aeﬂinaé%r.zed

in the nunbemgfixstrip-1i ke el ectrodes provided in a respective 5
el ectrode set being selected so as to enable the addressing of a cell in

the matrix. 131. | gx HEFS a%%gpdlngig él%ng'lawm&e{nwahe¢ag ?ﬁ‘%hvcﬁ‘ﬁHe +1%nf'ent

vol une el errent eas
char act er i zedn pympirovidprayided vatleot laade twayerminalg] t he | ayer or | ayers 10

formng the %Hﬁfﬂﬁ?cﬁi@d‘ﬁ?%@obf&ﬁg%ﬁ@gm& R 1§ ﬂiem}h ?Otrh%er ‘0 an

el ectrode adjoining a ce 0 I"'east one-vo
i nterfat@ng fermmgpthehvglumeelsmentasie agapdwiech @m@en@m;esm atlaa

strip-li ke e'efefcttfd?ﬁeéd bml‘ﬁgci‘s@x‘f%é PPQ?I&#YSQg%fIﬁﬁ%SeIQm%ﬁH yeb ihh vol ure

el enent . nmeans dccording to racterized i n providing a

di ode | unct i aﬁeb@pmrp aHoapkip thegeto, wheneby the exassing bewesangthendrip- ikt |

defined ther@Rtrodes in each electrode layer defines a cell in the volume element.

12. A means according to claim 11,
15 characterized in providing a diode junction between an electrode in an
electrode crossing and a cell defined thereby.

13. A means according to claim 1, wherein one or more cells in the
volume element comprises at least one transistor structure,
characterized by at least one electrode in at least two electrode sets

20 respectively contacting the terminals of said at least one transistor structure.

14. A means according to claim 13, wherein more than one volume

element comprises more than one transistor structure,

characterized by at least one electrode in at least two electrode sets

respectively connecting the transistors electrically with each other via the
25 terminals thereof.

15. An apparatus for data storage, data processing signal processing or
sensing and detection and comprising one or more volume elements and
means according to claim 1, wherein said means together with one or more
volume elements form a part of a two- or three-dimensional matrix in said

30 apparatus, wherein a volume element comprises one or more cells having a
data storage, data-processing or signal-processing functionality depending on
the electronic or electric properties of a material of said volume element, and
wherein the apparatus comprises more than one matrix of this kind,
characterized in that the matrices are provided in a stacked arrangement,



13. A neans according to claim1, wherein one or nore cells in the volune
el ement conprises at | east one transistor structure, characteri ZedZt?ySﬁt

| east one electrode in at |east two el ectrode sets 20 respectively 2004
contacting the termnals of said at | east one transistor structure. 14. A
means according to claim13, wherein nore2Zhan one vol une el enment
conprises nore than one transistor structure, characterized by at |east one
el ectrode in at least two el ectrode sets respectively connecting the
transi stors athereby ¢he hpperaths éemns atvodumetinic structudd dfstadked mathessefir. 15.

An appar at us L i C L g or

sensi ng and gfg?%sé@?é ’;&r]agé?gﬁ%?sggéap%%@%iﬁ%%h%?%ﬁg% gfn?rl] s and neans
accor di ng t o fenctienalityvifesashnmgtiiz imthe stackget her with one or nore vol ume
elements forma part of a two- or three-dinmensional matrix in said 30

apparatus, W@l ei ARapphrates @d:cﬁffﬂiﬁg f®RimSES, one or nore cells having a
data stopage, ,dat a-progessi ng or si.gnal -prqcessing functiaonality .depending
on the o ectPBHCLeriFeL L PEIMEPIAHEH ORebSRHs iR PBIRrISing inEgrateg Airtry
E! egent ] and conhéétgdmithﬁheléﬂ)idtﬁdd& sfriRheess it ien lgﬁ’_ﬂ:n@hfg dﬁtr{(ngg cohtroli s
ind, characterized in that e matrices ar Vi in st ac

B fangenont . SB9SERI TSR i Ea e T B oY olme o Bratade of the
structure of nsdteicked matrices for data storage, data processing or signal
processing as given by the functionality of each matrix in the stack. 16.
An apparatus according to claim15, 5 characterized in being provided on a
substrate conprising integrated circuitry connected with the el ectrodes of

the neans for inplenenting driving, control and error correcting functions
in the cells of the volunme elenents of the matrices.





