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substantially orthogonally to the electrodes of the first |ayer, wherein

I f..th I de | ' i ded ' ' f
o a subst 1 85T ORRRKp ARG o RO aBPBER CLPNEOE) BERPBR0 FAJEFETAr & provi do

€ of ayérs-are provided
in parallel spaced-apart planes contacting a 10 globally provided | ayer of
a functional nediumtherebetween; as well as a nethod for manufacturing an
el ectrode n‘thlfl@r@ienttIihﬁellﬁji(b‘lﬂcofcii'dfwnpIaﬁﬁﬁcttrbm_ﬁ[ﬁainemo_fmptﬁﬁﬁg fh@naﬂdgs an
apparatus at_|e .one_electr neans, c rising first and secq

ChP e i 1m areseERobP T ptr EEoPH Sy S ar B aleBFadisia HsrRhurbtRfafiel

strip-15 ke stipelike eddctricaboondurctorsninezach lagyerwhededn ¢hareletfrodbe ofltket r odes
of the seco l.e r_are. or | 0 i : i

or t hogonal 15 e iec 8P B s et oFieRf PHeguiTETE M bitaRliafy STHARbhAIN g e of
t he el ect r dite d¢lagtezodes of phofirstddyem varereimsal btashgns of tlae elestroaledapetsriat e

or backpl a ej 0 I I i | e
Spaced- apar”ﬁfog?@l%%?ﬂi%ln@égﬁ*ﬁl&eaﬁgf?%%éfﬁys%?%éﬁeiﬂeﬁb?%@ééﬁ’%%ng”wﬁﬁ%ﬁIona| 20
nmedi um t heribigetlotsade Wigareiane provadedmaipaeal sedrapatioplands caniastinges of
the f tio { i 1 r rodes of
t he fiLIII)gt e@gjlgta pg?ég?%@ﬁlagﬁg 0'? heﬂlgﬁgggyo%ggﬂg@ tbﬁ@fg‘?%%e%l ﬁ%g% e | ayer
to provi demgthas forxmanofasderng engleelyodewrmagiswidhiukisid onal el ement can be
activated by applying a voltage to the crossing el ectrodes defining the 25

functi onal ‘Ehepesens ushedthed firtipat @iideahs hs appaeitas adlast oss eldwrddt t er,
wher eby t he

wher by RN s il o L5 L] ST B LRI ° e
pl ace, sai dinvibletfagm apphiatkd istip-¢ikeerieé@iday conduempondieach taycanwhddriassi ng
wher ei's 1 haso PakedrHE e ool Gedls HRS P8R SbPRIR Sy T2
sel ect ed fundistantadlly oethegonilly tmthrecleatiodes ofghe diret kyentwhemdn abheasdf t he
‘;rg'm'of"“ g, Yidoft éA%Ie%IEI%IEII[eeIagéIinE %%’Zj}éﬁto% ok i&sxﬁ%fiﬁg RLAGES S0 ARPARAT US,
y cells'in a data storage aSpara us, of pixel's®in an informtion
di spl ayi ng @pbacladage, ankhehetsin tthe ebatdratesiaygrodrespioyiddeireparalletel | s or
pixel's in afpyeashafffhedRoltAthe £ gy hrovAded a7 W SaRMRmal
20 medium therebetween, wherein functional elements are formed in volumes of
the functional medium defined at respective overlaps between electrodes of
the first electrode layer and the electrodes of the second electrode layer to
provide a matrix-addressable array, wherein a functional element can be
activated by applying a voltage to the crossing electrodes defining the
25 functional element such that a potential is generated across the latter,
whereby the physical state of a functional element may be temporarily or
permanently changed or a switching between discernible physical states take
place, said voltage application essentially corresponding to an addressing of
the functional element for write or read operations thereto, and wherein the
30 functional elements according to the properties of a selected functional
material can be made to operate as at least one of the following, viz.
switchable logic elements of a data processing apparatus, memory cells in a
data storage apparatus, or pixels in an information displaying apparatus,
whereby the addressing of said elements, cells or pixels in any case takes
35 place in a matrix-addressing scheme.
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20 are required in a memory cell. It is then desirable to achieve as high storage
density as possible, but present design rules which set a lower limit to the
cell are, also limit the fill factor thereof, i.e. the area of the memory material
of the matrix-addressable memory device that actually can be used for
storage purposes.

25 A prior art passive matrix-addressable device is shown in fig. 1a and
comprises an essentially planar global layer 3 of functional material in
sandwich between a first electrode means comprising parallel strip-like
electrodes 1 of width w and spaced apart by a distance d and a similar second

L electrode means comprising parallel strip-like electrodes 2 of the same width

30 w, but with the electrodes 2 arranged perpendicular to the electrodes 1. In the
global layer 3 of functional material the overlap between the electrodes 1, 2
of the respective electrode means defines a functional element 5 in the
functional material of the global layer 3. By applying voltage to the
electrodes crossing at this location, a physical state of the functional element

35 which e.g. can be a logic cell, or a memory cell, may be changed or switched.
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polarization state in a memory cell, i.e. the functional element 5, may be set
by a proper application of voltages to the electrodes defining the memory cell
5 at their overlap and the polarization can be switched or the cell can be

25 restored to an initial state by operations which shall conform to write and
read operations to the memory cell. The functionality of such matrix devices
is, of course, not only dependent on the functional material selected, but also
on architectural and structural constraints of the memory device. The storage
capacity in the memory medium in this global layer 3 depends on the size and

30 density of the memory cells 5 and this will in its turn depend on the minimum
process-constrained feature that can be created in the manufacturing process.
Such features are e.g. when electrodes are laid down as metallization which
afterwards is patterned in a photomicrolithographic process resorting to
photolithographic masks and e.g. etching, dependent on the smallest

35 process-constrained feature f that can be defined by the mask and its value
will in its turn depend on the wavelength of the light used. In other words,
this feature f will usually within the scope of today’s technology be limited to
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20 active switching element associated with each functional element or cell, the
fill factor becomes even lower, typically in the order of 1/6, i.e. a fill factor
of only 16,7%.

From US patent No. 5 017 515 (Gill, assigned to Texas Instruments Inc.)
there is known a process for forming sublithographic distances between

25 elements in an integrated circuit. As depicted in fig. 1 of this publication this
process is suitable for forming an electrode layer with dense parallel
strip-like electrodes 13, 19 mutually isolated by an isolation feature 14 which
is not subject to any dimensional constraints as imposed by the use of a
photomicrolithographic process, but which can be made very thin indeed

30 compared to the dimensions of the conductors or the electrodes. The
publication discloses how an electrode means of this kind can be used for
forming strip-like floating gate electrodes in an integrated circuit device, €.g.
a semiconductor memory device with memory cells comprising a switching
and storage transistor structure respectively. Bit lines are formed by a

35 suitable doping of substrate, evidently using the same photomask in the



publication discloses how an el ectrode neans of this kind can be used for
formng strip-like floating gate electrodes in an integrated circuit

devi ce, ewg@.03/0a108€m conductor nenory device with nmenory ceCTrsN@emptidsi ng a
switching and storage transistor structyre respectively. Bit lines are
formed by a 35 suitable doping of substrate, evidently using the sanme

phot omask in the WD 03/041084 PCT/ NO02/ 00414 5 doping process as used in

th f d i d
[ nes/ cont rg ﬁ?lﬂ% 520G 8% A CEIR ORPH R FordeE *he§9§%4§%ﬁ*ﬂ°%§3fl & from
floating gathe ﬂdlwmcbwqréqus/wtmlrgﬁé@@i@tmeﬁ Zapre Formgd %ﬁparate

sem conductgy aH‘%HQﬂMto‘{“ﬂ&h nHbAliAE Gaaa] 3 aﬁ&qrwreﬁhhﬁ%%@mmse B¥ln

transi stors.” However ections are given in US pate t No 5
017 515 foratfray ff ﬁ@m&‘rpréh@é@rr@@@%a‘ﬁﬂ \Apﬂhltﬁmllﬁllé’éﬁma%CPH@@@@%E@&%

conpri si ng t@bﬁﬁ&ﬂo‘?@'%otv@v@r Wﬁﬁltﬂfrrcﬁ%&mtaré@v@ﬁ hl@'ﬂlsaﬂaﬁéﬁ@ INg.hat the
el ectrodes h(kj%;a tg}oeectrode Iayers t oget her regs an.el ectrode matrix
Oé lostkor B

suitable f f9rIiRG ARGt r@@%m’% Wlﬁhéwﬁl grpge s gaeh | ayer of

a 10 functi@iapriseg él@bﬂr@@élé ﬁﬂaQﬁh‘é@%ﬁrab@@n@h@@hﬂ%%dté&%ﬁ@hQl@ﬁ tpent acting
the el ectr des éher .. The eff nt expl Ql}Ferft@I on of ITB.tI’IX addr essi ng of

a gl obal fetrode hsovs seatraelaypraiags! TS e SR MYET ee of
pl anari zat I:Qﬁtab'l@ G @duresmngﬁﬁnba»ﬁalse&in@tm higloBgldy @3 @aiallea ldgyi 6€a Of

th t 1 d t |
e o lont tigtioRal msBisP doraed bkt Bl eltadus ik d oBitacip@ Rg o0y 2
t Ee Su?is't ra&le;;ﬁ?déd their el Y Hehefifi deali ¢xsioihtioh eftmeattex hd&&rssmgoorﬂ'@l gietioduce
the ou I N 0

woul & be. urizget bbh dupfionSLaegidst aidte pigrubBS Gt Blal Psren B eBBuPAGEE | o)
spal I : lr):axstmhlemilttm th@ﬂmersr@tflanmiatng;/—adldvesseble gevgce @f&hmcllflgldt Rﬁt gggna: ; t gf
g pgzsi ve ér?‘g? rl%gagg&?g sa I%‘ tggtpgl %ﬁ%@}r}%gﬁ\ﬂaﬁgﬂo%&atg}&?ge W t hrrp

el ect déde It@pegmpinsqjc&tncbtomsaxthndmg oishodortally flborat thensubstradé shall such

that the ely ﬁltRJrQﬂStS% 1 HBAT R ‘tx,fb‘%%ollﬁ%rse\%v%fd { gﬁro%@% Hs‘esgié@n ffh1§t ance

di scl osed in I'nt’ernat’i ona Ircati viously an
25 appar at L@rlurtutehinsthm mfaaq@afelatw@ﬁeﬁlw tiet prioegeirdouksd baunseisablg inhe

density of %efs@% e]{)l'ﬂl?ﬁ‘i edudl & %?ﬁksﬁdggeésﬁglé@fréj@(sﬁé’ll bR EATINS, M?lﬁ fill

factor of t ectr desme as the function
el enents i nveluBatEe diexiqes, eghyt Hask ol Riuratily donatdpeddressgbla BemaEmor y

cell, opn and’e\ﬁé‘éﬁsﬁﬁé{az'n it?lethe%ﬁ-ft' ned by the overl ap area fornmed by the
crossi ng between the electro

An example of a passive matrix-addressable data processing or memory
device with electrode layers disposed on either side of the functional medium
such that the electrodes form an orthogonal electrode matrix, is for instance
disclosed in published International application WO98/58383. Obviously an
25 apparatus of this kind shall benefit with regard to increasing the density of
the functional elements in the matrix by increasing the fill factor of the
electrodes in each electrode layer, as the functional elements in the matrix in
any case which may correspond e.g. to a memory cell, in any case shall be
defined by the overlap area formed by the crossing between the electrodes of
30 the first and second electrode layer respectively.

In view of the above considerations it is a major object of the present
invention to enable an increase of the fill factor in matrix devices of the
afore-mentioned kind to a value approaching unity and achieve a maximum
exploitation of the real estate offered by the global layer 3 of the functional
35 material in such devices without actually being constrained by the actual or
practical size of the minimum process-constrained feature £, as the fill factor
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I.e. a stacebldrTREYRY Alfhoultel dBvEARH ! Rearded as substantially

20 planar, the unevenness will propagate as devices are added to the stack which

obtains an increasing bumpiness as device after device are stacked upon each
other. Such bumpiness will also be very undesirable in an essentially planar

circuit technology.

In light of this a secondary object of the present invention is an increase the
25 overall capacity with regard of the number of functional elements that can be
obtained in a matrix device, thus reducing the need for developing multilayer
or volumetric devices, i.e. a stack with many layers, when a comparable
capacity can be achieved with a stack comprising only a quarter of the
number of devices or layers that would be needed in prior art technology.

30 Finally, it is also an object of the present invention to provide an electrode
means that easily can be processed to provide a high degree of planarity, thus
avoiding surface unevenness or bumpiness and making the electrode means
better suited for application in stacked volumetric devices.



capacity can be achieved with a stack conprising only a quarter of the
nunber of devices or |ayers that would be needed in prior art technol ogy.
30 Final Iwpo oBi4i084 al so an obj ect of the present inventi onPCa/NORWIHe an
el ectrode neans that easily can be procegsed to provide a high degree. of
pl anarity, thus avoiding surface unevenness or bunpi ness and naking the
el ectrode neans better suited for application in stacked volunetric
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exposed to the exterior of the surface thereof opposite the other electrode
20 layer or alternatively can the surface of one of the electrode layers opposite
to the other electrode layer be covered by a backplane.

In an advantageous embodiment of the electrode means according to the
invention the sectional area of the electrodes of both sets is equal, such that
Worh, = wy-hy,.

25 In another advantageous embodiment of the electrode means according to the
invention the sectional area of the electrodes of the first set is different from
that of the electrodes of the second set such that w,-h, # wy-hy.

In further advantageous embodiment of the electrode means according to the
invention the conducting material of the electrodes of both sets is the same.

30 In a yet further advantageous embodiment of the electrode means according
to the invention the conducting material of the electrodes of the second set is
different from the conducting material of the electrodes of the first set.



invention the conducting material of the electrodes of both sets is the
sane. 30 In a yet further advantageous enbodi nent of the el ectrode neans
accor di ngwo®3nkm®si nventi on the conducting material of thePeramwoodas of the
second set is different fromthe conductg ng material of the el ectrodes of
the first set. WO 03/041084 PCT/ NO02/00414 8 In the latter case it is
preferred that the conducting material of the electrodes of the first set
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set and in case also a substrate in the spacings between the forner, the
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insulating thin film form a global planar layers in the electrode means.

In another preferred embodiment of the electrode means the insulating walls

20 between the electrodes of the first set and the electrodes of the second set
form portions of the thin film of insulating material provided in a layer
covering the side edges of the electrodes of the first set up to the top surface
thereof and in case also a substrate in the spacings between the former, the
electrodes of the second set are provided in recesses between the wall portion

25 of the insulating thin film and in case also above the portion thereof covering
the substrate, the electrodes of the second set being flush with the top edge of
the insulating walls as well as the top surface of the electrodes of the first
set, whereby the electrodes of the second set have the height h, = h, - §, and
the electrode layers with electrodes and insulating material form a global

30 planar layers of thickness h, in the electrode means.

In yet another preferred embodiment of the electrode means according to the
invention the insulating walls between the electrodes of the first set and the
electrodes of the second set form a portion of the insulating thin film



30 planar |ayers of thickness ha in the el ectrode neans. In yet another
preferred enbodi nent of the el ectrode neans according to the invention the
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second set SRsREAERb M ol o FEESHEHL BF TSl BlesB Pt a b odthe 11 v st
set agll ab edreali tosed giteiatey thim wf iformirena thinefibh edtelecteically insulating
material covering at least the side edges of the electrodes of the first set, and
depositing an electrical conducting material in the recesses between the
insulating thin film covering the side edges of the electrodes of the first set to
form a second set of electrodes with a width wy, and thickness hy, such that

25 the electrode layer is obtained as a global planar layer in the electrode means.

In an advantageous embodiment of the method according to the invention the
insulating thin film is formed as global layer covering both the first set of
electrodes and the exposed surface of the substrate, the conducting material
for electrodes of the second set deposited in the recesses between the

30 electrodes of the first set and above the insulating thin film, and the electrode
layer planarized such that the top surfaces of the electrodes of the second set
are flush with the insulating thin film covering the electrodes of the first set.

In another advantageous embodiment of the method according to the
invention the insulating thin film is formed as global layer covering the
35 electrodes of the first set and the exposed surface of the substrate, the



| ayer pl anarized such that the top surfaces of the el ectrodes of the second
set are flush with the insulating thin filmcovering the el ectrodes of the
first setwooBm4®@sot her advant ageous enbodi nent of the net rca/Nmeosditng to
the invention the insulating thin filmigyfornmed as gl obal |ayer covering
the 35 electrodes of the first set and f%e exposed surface of the
substrate, the WO 03/041084 PCT/ NO02/ 00414 10 conducting material for
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one oxi dati@er of a functional medium can be deposited covering the one electrode
20 layer provided on a substrate and contacting the electrodes thereof and a
second electrode layer then formed directly on the global layer of a
functional medium by similar steps as those used for forming an electrode
layer on the substrate. Preferably can then a substrate of a backplane be
provided covering the electrode layer formed on the global layer of a
25 functional medium.

In the method according to the invention it is preferable selecting the

conducting material of the electrodes of the first set and/or a substrate

material as materials amenable to surface oxidation, and forming the

insulating thin film by oxidizing the surface of either in at least one oxidation
30 process as appropriate.

Finally, the above objects as well as further advantages and features are

achieved according to the present invention with an apparatus characterized

in that the electrodes of each electrode means are provided in a respective

electrode layer, that the electrodes in the electrode means all have about the
35 same width w, that electrodes of each means are mutually insulated



30 process as appropriate. Finally, the above objects as well as further
advant ages and features are achieved according to the present invention

wi th an aypamsaswss characterized in that the el ectrodes ofrCeganiehast r ode
means are provided in a respective elecfjode |ayer, that the electrodes in
t he el ectrode neans all have about the 35 same width w, that el ectrodes of
each nmeans are mutual Iy insulated WO 03/041084 PCT/ NC02/00414 11
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the electro ayer accordin resent inyv and ng from
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manuf act ur i @@ttd Fbr the manufacturing thereof and a description of an embodiment of
20 the apparatus in conjunction with the appended drawings, in which

figs. 1a,b,c show a prior art passive matrix-addressable device exemplifying
a conventionally attainable fill factor in such devices,

figs. 2a-2f schematically process steps for manufacturing a first
embodiment of an electrode layer according to the present invention,

25 figs. 3a,b schematically process steps for the manufacturing a second
embodiment of the electrode layer according to the present invention, and
deriving from the process step of fig. 2c,

figs. 4a,b  schematically process steps for manufacturing a third
embodiment of an electrode layer according to the present invention, and
30 deriving from the process step of fig. 2c,

figs. 5a, b  schematically process steps for manufacturing a fourth
embodiment of an electrode layer according to the present invention, and
deriving from the process steps of either fig. 2b or fig. 2c,



enbodi mrent of an electrode | ayer according to the present invention, and
30 deriving fromthe process step of fig. 2c, figs. 5a, b schematically
process sweps/Odws4 nanuf acturing a fourth enbodi ment of amcCeginoRioode | ayer
according to the present invention, and eriving fromthe process steps of
either fig. 2b or fig. 2c, WO 03/041084 / NO02/ 00414 12 fig. 6a
schematically a plan view of a first enbodi nent of an electrode |ayer in

the el ectrode gBans agqRueitnGt aEpE%n 2@33% fiim%ﬂwdwmefgg%fa It%ect;ode

schemat i call a.cross sectlon Of _ iment in fig. 6
schenat i cal %’eél%f‘lﬁs@%&f@@i@dﬁe%"#s acerdbdtosiisqrics Mt Inyendign, 5 el ect r ode

| ayer in the el ectrode neans according to the present invention, fig. 8
schemat i cal fig. &bcr ossschemitirnlbf a arodsi sedtientuddheembedingent iglfegtdnde | ayer
in the electrode neans according to the present invention, fig. 9a
schemat i cal fig. a plan %tﬁ%@fcaﬁlt;f RUrsR &@ﬁ@ﬁld}%&&hd%b%ﬁﬁ%@é&ﬁ ayer in

t he el %ctrodk? rregng accordin o the present jnventjon, i C
schemat) cal FAFCHOLF AEETdBNE Sleei odh mcans daramhing it the grespmt inyenfiomoa a

cross section of a first electrode layer in the el ectrode neans according
to the invefigi 8n and wineeraitdbly acopssisaktibaywdra tfirdembodimenabf amedi um

fig. I th . ' Wupt mbodi . h f
15% ne 11 oeieiogt it T abEriar Bt ol nd st oF Y RS L iV elE eans
accordi ng n*éo he i nventi on, f{a]g. | Cc. a preferred enbodi ment of the

el ect rode nE&nd? accordisgratirallyea pian, gisey sha fopgh embodisaent o atal ity of

el ectrode nglabgodafafs intihekeeettOdd Bl aceSNRE YoREE beedayYi®fontfdy. | la-d
steps in the manufacture of another enbodi ment of the el ectrode neans

accor dipng tg,t i nv [ - T I | i .0f el.ectrqde neans
accorgiong tgg't I'S e%%lgﬁ%éln‘{al%aan%}es%ss? g@%@ﬁ ttgégg}grgdégbe&%dﬁﬁg'%d@’devi ce 25
fig. 12a a plan.view of a passive rix-addressabl e device in_ an

enbodi nent ﬁg' P% apr?a?’éﬁsésseﬁgeﬁr@{gi ritcﬁl?ﬂéo‘f%ﬁaé’rﬁ'il’éﬁh%lﬁé?C\HQ% 1BFeRY r ode
means accoralicogding tohdedhesenbn iandesvieddd b iag%lobaplet%e%%ftd AmdiRikan al ong
line X-Xin flgﬂl 12a, and fig. 12c a detail of fig. "12a and illustrating

the fill fa@fbl" &t tainable with
fig. 10b the second electrode layer in a similar embodiment as the one of
15 the first electrode layer and positioned to form the electrode means according
to the invention,

fig. 10c a preferred embodiment of the electrode means according to the
invention,
fig. 10d how a plurality of electrode means can be stacked to form a

20 volumetric device,

fig. 11a-d  steps in the manufacture of another embodiment of the electrode
means according to the invention,

fig. 11e how a plurality of electrode means according to this
embodiment can be stacked to form a volumetric device

25 fig. 12a a plan view of a passive matrix-addressable device in an
embodiment of the apparatus according to the invention and with electrode
means according to the present invention,

fig. 12b a section taken along line X-X in fig. 12a, and

fig. 12¢ a detail of fig. 12a and illustrating the fill factor attainable with
30 the present invention.



30 the present invention. WO 03/041084 PCT/NO02/00414 13 Now the el ectrode
means according to the present invention shall be discussed with reference
to figs. wod3/ouloBustrati ng the manufacture of various enircdiNamwg41ef an

el ectrode layer in the electrode neans aggording to the invention. It
shoul d be noted that these figures are very schematic and [imted 5 to show
only the sufficient number of strip-Ilike electrodes that is necessary to

explain t henpRNHACKUELAY il RS ROMd R (N B 00ndflveh@Eh BdR dayer i n the

el ectrode neans accor ga | ectrode neans_ accordi ng
to the i nvediscossasi witbuesuenoato figss It hwillustretingdhe madasture qfvasiousy s

kind and WERNLARNENR ARSR cfrolBAnPEr afeoéae&tro&@n{@m@rac%o@amg tBLt!ﬂ%tl onal

medi um t her tween an contacti ng | ectrodes therein.
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enbodi ment syash &Ry ﬂ@@%ffﬂﬁ@ntbﬁﬁl‘?ﬂ)% @!ﬂ@lt n&pélba@r@ﬂys tmss tnle@smlﬁmi
assenbled with the first electrode |a er 3 of a

| |
functional ®RiRtNR %n@ﬁu%ﬁiﬁﬁgl%ﬂﬁ %Erpcturﬁlg &fga i@’eéi | Cned

further bel gcwiolde hedlr freeding @ grUphendbnpr ef erred enbodi nents of the
el ectrode neans EM and how such enbodi nents of the el ectrode neans can be

stacked to *‘rﬁm&af&degﬁs%ﬁ GoSdiatiE U6 % @%wn;tﬁdnp&f@o SRl twd e

el ectrode neans accor I ONn a a substrate which
may be nmadeclettrady laym‘sé.bll B2nat th § kind bod with e elzetnodeaﬁyfa@a@a alobar

shoul ggpe i f’a?ék faatéfng At n@%dlhﬁ??ﬁe@rﬁ@t\ﬁ@u&?& b&gta%’fihéacﬁe’eledtﬁo&’ésov' ded

with a layer 2o s e eri al ayer s could”in case
provi ded onthateimdilieateicayd sledtsede biyer Recayupt eouse be mppufacirashin st ep

shown in figmgly &Bﬁ aﬁamé%ﬁgeﬂ‘f@ta%haée Feibive B@%r@@ﬁ&a? }:nqgtélﬁs a

gl obal |ayer coveri te 7 are patterned 1nto

strip-1ike ESSIéIIOél@dradide@SE@bﬂ@i Wilﬂgﬂt@n@f%?lf‘é@@tf‘é)@e%a}@f Id Wil‘i1 g@e Sﬁ&?tlr ode set

Ea separate 1 an P FisRGRES & fﬁlﬁé@l@@ltl%en It
shal | now bIejdl u%gg?gggﬁ%&mlgn%uﬁldt%a\%ﬁjofﬁﬂhe el n des Fa oht ai nabl e

i n t helpat t BxpliameprBErs Palpy Wit elﬁwp@aoacﬁméw ptr ments
process- congt fipd BREtrbEd I FhsOEMTBAAIHOE Sudh embdhﬁsmrmethmaacusdag

conventi onal photom crolithpgraph 30 and .pa n W|th phot ona

by subsequemeaéts&ﬁprb& qﬂ‘ée‘ﬁg? ﬁgr%]a \foqu@&gmgs%rﬁgﬁu F‘?Prtlﬂélgraaﬂgg E‘m?
0,15 mor | gsseleatotibinseamslatotdigny toctheriesparionboth to the mininumw dth of
the electrodes sa as well as the wdth d of the recess 8 therebetween.

In fig. 2a a substrate which may be made of any suitable material, but which

20 in any case either should be insulating or have at least one insulating surface,
is provided with a layer € of conductive material. This layer € could in case
be provided on an insulating surface of the substrate 7. In a second step
shown in fig. 2b the conducting material € which has been provided as a
global layer covering the substrate 7 are patterned into parallel strip-like

25 electrodes g, forming the electrodes of a first electrode set E, separated by a
distance d so as to form a recess 8 therebetween. It shall now be understood
that the width w of the electrodes €, obtainable in the patterning process will
be limited downwards to a minimum process-constrained feature of
magnitude f, for instance when using conventional photomicrolithography

30 and patterning with photomasks and by subsequent etching. The value of f
could then be in the range down to 0,15 um or less and this would then
correspond both to the minimum width of the electrodes ¢, as well as the
width d of the recess 8 therebetween.

In a third process step shown in fig. 2¢ the sirip-like electrodes ¢, and the
35 exposed portions of the substrate 7 are covered by a thin film 6 of insulating



In a third process step shown in fig. 2c the strip-like electrodes Ea and
the 35 exposed portions of the substrate 7 are covered by a thin film®6 of
i nsul ati fyoWw®o@®8041084 PCT/ NO02/ 00414 14 material, depo®craoiofier ned by
means of any suitabl e process, e.g. by hem cal vapour deposition,
spraying etc. As known to persons skilled in the art, this insulating

| ayer 6 then can be extrenely thin, say in the range of a few nanonetres

and | ndeed hiigrial, (R sRERGE FoHhEKMESHebnL BFRAL SlihBlc! R cRsdicth hpya of the
el ectrodes . ILn"a fourth process Step shown in %lg. tﬁé Isul ati ng
| ayer 6 covERFRECAREDPOSr dePPHHOE., SHIAVARS cie Aslsowatte rerseny slsiblestinaihe t hi s

| - - ibf (e
removal canaftakigisghagiRtinpYagers e&s sadlibe e@{&l\'}égﬂﬁelfyrtﬁm, ch r%gpcﬁe 'i'éﬁ%e fg?ra
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sui tabl e pr ‘@Ssrga,nomﬁtr%owime@ﬁ&w g ﬁ@r}i@npﬂéhh&lﬂé&ﬁ prosgeragreditplthhe

phot omi4xr ol Wihﬂgmmmhwﬁel&@&&%qpent etching. Correspondi ng phot omasks as
used in the step shown in fig. 2b could then be wused, e.g. adapted to the

i dth f nd as i.cabl.e also .to the width d of the
fecess s ¢ it SaeBbBaoREY ubP Aa%wb FR° phGBEeS dhtfe 1ot BeViraseben as
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one u o Y : is. proyvided.in the recesses 8§ between
t he eﬁgfgtr eééfggrg.a Iﬁ ﬁ%éﬁg‘g}%E%tﬂ%@éo%‘:@ﬁﬁ?g]ﬁﬁp@ \ggﬁsafaaq:%lbengfe’tc 98r se, be
provi ded i nCargispbadinggtertonmsks iangisbdtin the stepestaotn i @bacshldebesses 8,
but isint i gur b e Lnly,t ill the rec only.
Tﬁi sI Ze:oosi 1{1‘5'5‘%{;]' é%ng%a}ggd\% glgeg&’?#ha\gé gﬁ#ﬁ%&@i’éﬁ%ﬁaﬁgg 4501 ﬁ%%i%agﬁt i on
of the | ayeto e widthgl obthe fecess Bttherabebweenpalier dep stk procaprayed et c.
25 Finall ' ' i Bat rei ive materi al
S 6 remvaniuts saRar iepRudh A0S, SRAUbLEHER, NBEHT pORION R S st
that ilP no‘iﬁm%iﬁﬁrs)féhgtthlinpfllmaé}’@ﬂ scheouall portibns 68 chenco fekemtdeddalongt Eb
between el %tsriﬁg%?tﬁg;ﬁp?{tli'k% Jlbft;%d% gctrode set Ea and electrically

i nsul ated therefrom e 1 nsu I'ng %#al | portions 6a of the insulating
thin film recess 8a 30 for the process step the illustrating fig. 2e

The € [
coul d be r ?%ﬁﬂ? BEOCEHS SIaRoSoR dn tithd & deotBeh aerdy ity avexatariall € sipelovi ded
therei n by iannysdadeabhidd brsthe RmPALERSEne used for the electrode set E. is

provided in the recesses 8 between the electrodes €,. This conductive

20 material € could also of, course, be provided in a global layer covering both
the electrode g, and recesses 8, but is in the figure shown deposited mainly to
fill the recesses only. This deposition can take place in a similar fashion as
for the deposition of the layer € in fig. 2a, i.e. it can be vapour-deposited,
sprayed etc.

25 Finally fig. 2f depicts a planarization step wherein conductive material g is
removed down to the height of the insulating wall portions 6a, such that it
now forms a strip-like electrode g, of a second electrode set E, between
electrodes g, of the first electrode set E, and electrically insulated therefrom
by the insulating wall portions 6a of the insulating thin film 6. The recess 8a

30 for the process step the illustrating fig. 2e could be regarded as casting mould
and the conducting material € provided therein by any suitable casting
process.

This resulting embodiment of an electrode layer for use in electrode means
according to the invention and schematically illustrated in fig. 2f is shown in



This resulting enbodi nent of an electrode |layer for use in el ectrode neans
according to the invention and schematically illustrated in fig. 2f is
shown i n WD 00RB4044084 PCT/ NOC02/ 00414 15 plan view in figprPCGaNOkwogiun t he
el ectrode layer L conprises a plurality p? strip-like parallel electrodes
8a, sb provided on the substrate 7. The electrodes 6a can be envi saged as
bel onging to the first set Ea of electrodes 6a as resulting fromthe

pat terning skapvieh f  HAhGhbGcAtodd [4LRT, D BeisUeaihIRedIRg dfor mer
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fig. 6a shown in fig. needs. no fTurther expl anati an, g is to 20
be not ed théttﬂ@%éalflﬂ@lt@ﬁﬁ tge thiskpesne O&tb%tlla@déangézvaliaﬁoasowm atswem

i nsul ati ng {peadlbcRBEES 8N Hasindt Qoﬁ‘ﬂgaitn@ﬁt C}pf‘ﬁn@?ﬁa}I HQV@%H é?l@s?dow{’foto 26.
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the width of nagpElehEade.sylt §bemly cpBStr i@t o PEO G avimsnlatingthyafile w,

al | elgct r ogRseR8in Sé]ecttrmé? EAGVA ﬁgd ‘b?@al&ﬁi% %E%@er?ﬁfet él@@tr@ﬂ@@sa@ﬂ i{ rade

of the sane @@nducfg al so same conducti ng perties.

t
The advant ag@$t MOfdﬁer‘éégﬁ?égéItﬁéaﬁ%f@mc&fﬁﬁrﬁl@ﬁﬂateﬂ deteripgaig ﬁ;ﬁ‘grs L as

di scussed Wlebtrodearsd ré@uﬁb@ @altsalerr@&k@anyl 1hsu1%@ﬁ1<gr §11&Hé‘|ﬂa1él?eles)€ﬁ am@@d
below in connection wt i scus us acgor

par a I N
i nvention a%leCURERM Sp»r?bf‘i"&?b?@%umﬁg a@rlcgayaﬁau@ﬁih%mth@n @f&%@@iarstep

for n'anuf aC‘Hé'W nyfig. $acMdvn mgdBHﬁiHedQBoaﬁrﬁi&@x?%do@M @lthbukh it If@%o
i on process. step

Sleglct(::{ a?lét I%gﬂg]aq%ggé ggn&tscﬁ‘é)rqtﬂ e efesc%{]c;[delsns\g,egb as well as the insulating
Wall portion 6a is h and that one has the equation d = wy + 28. Provided that
distance d between the electrodes is selected as w, + 28, the width of
electrodes g,, g, will be the same and equal to a value w, all electrodes g,, &
thus having the same cross-section area and if made of the same conducting

25 material €, also the same conducting properties.

The advantages of the electrode means EM comprising electrode layers L as
discussed with regard to the attainable fill factors shall be explained below in
connection with a discussion of the apparatus according to the invention as
shown in fig. 10a.

30 Figs. 3a and 3b show the process step for manufacturing a second
embodiment of an electrode layer L in the electrode means EM according to
the present invention. The process step depicted in fig. 3a has as a starting
point the structure shown in fig. 2¢ with the insulating thin film 6 already in
place. As shown in fig. 3a, an electrical conducting material € which again

35 can be the same as the conducting material of the electrodes €, is deposited in



poi nt the structure shown in fig. 2c with the insulating thin film®6
already in place. As shown in fig. 3a, an electrical conducting material 8
whi ch agawp i3848h be the sane as the conducting materi al Peffi/NGve/oed1ect r odes
Ea is deposited in WO 03/041084 PCT/NC024Q0414 16 the recess 8 in fig. 2c
by any suitable process and then follows a planarization step resulting in
the structure illustrated in flg 3b which conforns to the second

enbodi ment - ge Fkese lseiei 119980 b3yl dniBBEOLA s Ad Bty YRR On. I n this

enmbodi nrent the electro set _are cover é 5 th
i nsul ati ng PFﬂI}@I‘%ZaItlﬁnﬁstﬁBﬂWLH@nﬁdﬂtth@rSEIUGle&Ilﬂr’fﬂgﬂtﬂ?ﬁéiEiﬂg 8bgeichf the

el ectrodes ganfdieid ictthe §&onll etﬂi'@odlﬁ‘fén% ‘Uﬁtﬁ@%lé&%@é’f& 3, W&dkd ﬂPfhte' ons
6b at the bottom of t b%%@@gégﬁ W covered conguctl ng mat eri al

which in tHYéendia Ing elﬂfotlyueéﬁ%irw@@@fctheoﬁb% S§bal&fCQ‘Fﬂfeéé96/ond

set Eb S t hilieohsudatid 2€ligin ﬁ’fm\@“fo?ﬁnﬁ wobtivhs BaldlenPend bi‘%i'ésec@‘és Qf thesul ati ng
the thin film6 10 covering the el ectrode Ea- Conceérnin hi's second

enbodi nent cipdes easROVHPTISOC b Wpcturéace Wereef, a3 ngtl ap potisone6hdted
that the el gtd hodem SR féces@gglotb@ c!r)]{?el‘%lanﬂh% &%@h@ﬁ&ﬁﬁh%@éﬁ%ﬁ'é WRIERAGL I ng

mat eri al prqvided thereabove e insul ati ng does not
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Further it §mhqnt&o@§§@aldmﬁl hiei ghft 1590 O nc%a%a%%selé&rbéeﬁ@wlﬁr than
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el ectrode Cb@ﬁﬁléﬁﬁhl&lﬂﬁg fian fed b cﬁiegﬁdtqﬁ@ﬁelﬁaa c8bacitile couglile biewebn
el ectrodes ﬁj@n?slhoul gpbe correspondi ngly énl arged to account for t he fact

that the he CRHOGE gpidea sPRECHBA ISR Iééﬂc%éhlﬁémb%’hm@pép fithe

pl anarizati el@ctmﬁeﬂa?&kLrt@cbh@ngQ@ tﬁ@ﬁﬁ@@rﬁldﬁ%ﬁﬁ(ﬁe $liesd]e of Hp lfi'@atlons
insulating thin-fi ortion 5 The process steps for

manuf act ur i NG CE0Ht F B Sn%amsb é]Falﬂ Il?é L@IeééflrcdﬁfélmW&?%‘?s T_e%‘élé’égdl ng to the
present i nvedpdodtive Soaptings i Iolft g thefdt 8Adukbbe Eb@bdt‘h@hélghﬁﬁb 8 its
starting point tge structu ef)%@ﬁlwﬂlag wherein the insulating
Chin i m elesuadEs e isamaliss 4, thedieefh ORISR B 83 AR OB

el ectrodes @@reépmagqbltﬁe thRkaedsdd of the 1mﬁﬁgce§int ffinfd. lThior@ept

coveri 30 the recess of fi resu in the structure of fig. 4a

for the purQRedn G S%laﬁrﬁlﬁgr?q!i]?ecwééﬁ%%s o BRBvFHCPRORF g £, trergidth
conducti ng wWRtogrdle¢ir6d&as, $Hould be correspondingly enlarged to account for the fact

that the height h,, of these electrodes only can be h, — § after the planarization

step making the top surface thereof flush with the insulating thin-film portion
6c, cf. fig. 7.

25 The process steps for manufacturing a third embodiment of the electrode
layer L according to the present invention is shown in figs. 4a and 4b. Fig. 4a
takes as its starting point the structure depicted in fig. 2¢c, wherein the
insulating thin film 6 is deposited globally covering in the substrate 7 and the
electrodes €,. A conducting material € is now deposited filling and covering

30 the recess 8 of fig. 2c, resulting in the structure of fig. 4a for the purpose of
forming the electrode &, shown in fig. 4b. The conducting material € can of
course be the same as that used for the electrodes €, as before. Now follows a
planarization step, whereupon both the portion of the insulating thin film 6
covering the electrodes €, as well as excess electrode material ¢ are removed,

35 and leaving the electrodes €,,&;, exposed in the surface of the electrode layer
all mutually flush and flush with the top edge of the wall portions 6a of the



course be the sanme as that used for the el ectrodes Ea as before. Now
follows a planarization step, whereupon both the portion of the insulating
thin fil nweo3oomesi ng the el ectrodes Ea as well as excess PETaxmooa4
material s are renoved, 35 and | eaving tPf el ectrodes sa, sb exposed in the
surface of the electrode layer all nutually flush and flush with the top
edge of the wall portions 6a of the WO 03/041084 PCT/ NO02/ 00414 17
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aluminium, they may be selectively oxidized to form the insulating thin film
6 covering the electrodes with edge portions or wall portions 6a and a top
surface portion 6¢ as depicted in fig. Sa. But the process step shown in fig. Sa
could also start from situation shown in fig. 2c implying that the insulating

25 thin film 6 must be etched away where it covers the substrate, i.e. in the
recess 8, leaving only the electrodes €, covered by portions 6a and 6¢ of the
insulating thin film 6. This, however, entails the use of second masking step,
which shall increase the process costs. By resorting to a selective oxidation
of the electrodes €, before depositing the electrical conducting material € for

30 the electrodes €, one obtains a much cheaper way of providing insulating
thin film 6 covering the electrodes ¢€,. Electrical conducting material € is
deposited in the recess 8 between the electrodes g, and will then, of course,
be insulated therefrom as before by the insulating wall portion 6a, whereafter
a planarization step shown in fig. 5b removes excess conducting material € to

35  form the electrodes g, in the recess 8 between the wall portions 6a shown in
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insulating thin film®6 covering the electrodes Ea. Electrical conducting
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then, of course, be insulated therefromgas before by the insulating wall
portion 6a, whereafter a planarization step shown in fig. 5b renoves
excess conducting material s to 35 formthe electrodes 8b in the recess 8
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comonly us Ctro erral’s ronlc devices. If the

substrate 25 7 now for .ins ce is made of sili t he, suy f ac. er eof
where not céﬁeﬁigﬁl yay%ﬂeeﬁ&@%% C SRR B TP Th SheaubR 689513?@@8 to
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of the el ecPPYHIINGE %{6#1% e{qﬁgro e’matertal £ and the Subsirate material arc
20 amenable to oxidation, the insulating thin film could be formed by e.g. a

thermal oxidation process, resulting in the structure shown in fig. 2¢. This
would be applicable for instance with the electrode material deposited as a
metallization, using materials like titanium, aluminium, copper etc. as
commonly used for electrode materials in electronic devices. If the substrate

25 7 now for instance is made of silicon, the surface thereof where not covered
by electrodes €, could be simultaneously oxidized to form an insulating layer
of Si0, thereupon. Also the insulating thin film portions as depicted in fig.
5a could be formed by a selective oxidation of the electrodes €, before the
deposition of conducting material € in the recesses between these electrodes

30 as already mentioned above. Such oxidation processes are well-known to
persons skilled in the art and shall not be further discussed here.

Fig. 10a shows in cross section an embodiment of a first electrode layer L1 in
the electrode means according to the invention and covered with a global
layer of a functional medium provided covering in the electrodes 1 and in

35 contact therewith. Fig. 10b shows the second electrode layer L2 with
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the device shown in fig. 10c can be regarded as a passive matrix-addressable
memory and applying voltages to respective electrodes of the first and second
electrode layer shall then polarize the functional element 5 formed between
25 crossing electrodes 1,2 which then specifically of course will be a memory
cell in a ferroelectric or electret memory. For driving and control in
connection with an addressing operation to the memory cells when the
functional medium is a memory material, e.g. write and read operations, it is
to be understood that electrodes must be connected with peripheral driver
30 and control circuitry as readily understood by persons skilled in the art. Fig.
10d shows how several such devices comprising the electrode means can be
stacked to form a plurality of electrode means with a functional medium, thus
realizing a volumetric device. It is now easy to see that in a device of this
kind each electrode means can be addressed individually in parallel when
35 appropriately connected to a not shown peripheral circuit.

A second embodiment of the electrode means according to the present
invention is shown in figs. 11a-11d wherein various stages in its manufacture
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this embodiment, for instance the first and the third electrode means and so
on due to the fact that the electrode layers from the second to the second last

all are capable of connecting to a functional medium layer 3 on either side
25 thereof.

Depositing a second electrode layer L2 directly on a functional medium may
pose particular problems when the material of the functional medium for
instance is an organic material with a low melting point and the electrodes of
the second electrode layer L2 are to be deposited as conductors of an

30 inorganic or a metallic material of one kind or another. For instance when the
functional medium is a ferroelectric or electret memory material made of a
polymer and copolymer, this material shall have a melting point around
200°C and a metallization thereof, i.e. providing a metal coating directly on a
material of this kind, may lead to a melting of the material in its surface layer

35 thereof. Also a subsequent etching in the patterning step to form the parallel
strip-like electrode shall be detrimental to the properties of a material of this
kind. However, it has turned out possible to use deposition processes for
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i nvention i epphmeh umtyimanvpearatus df ghisddadi n 20 an enbodi nent which is
restricted to a passive matrix-addressable device wherein a functional

medi umis depesipRéatul ®cetdihalio BY SfivéhthidliSsHwh ¢hthn view in fig. 12a in

20 an embodiment which is restricted to a passive matrix-addressable device

wherein a functional medium is deposited in a global layer 3 and sandwiched
between two of the electrode layers L1, L2 forming the electrode means EM
according to the invention. The first electrode layer L1 which, depending on
the kind of functional material used, could be any of the embodiments shown
25 in figs. 6-9, will be identical to the electrode layer L2 which, however, is
provided with the parallel strip-like electrodes 2 oriented at an angle and
preferably perpendicular to the corresponding electrodes 1 in the electrode
layer L1, as shown. Where the electrodes 1,2 overlap, a functional element 5
is defined in the functional medium 3 therebetween. The functional element 5
30 can be a semiconducting inorganic or organic material or a dielectric material
capable of being polarized and exhibiting hysteresis, such as a ferroelectric
or an electret material which preferably can be organic, e.g. a polymer or
copolymer. In the latter cases the coupling will be capacitive and allow the
use of the embodiments of the electrode layer L as shown in cross section in
35 either fig. 7 or fig. 9b. The following discussion of an embodiment of the
apparatus according to the invention will for brevity’s sake be limited to an
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logical value therein and/or the sign (direction) of the polarization, viz. + or
— may be switched to the opposite, a phenomenon which may occur in a
so-called destructive readout process in order to detect a logic state of the
memory cell, i.e. a binary 0 or binary 1. However, a readout may also be
25 non-destructive such that the logic state of the cell remains unaltered after a
readout has taken place, for instance by applying voltages to the electrodes
1,2 defining the memory cell 5, but of a magnitude such as not to switch the
polarization state thereof. In physical terms the overlap of the electrodes 1,2
of the electrode layers L.1,1.2 and the ferroelectric material 3 sandwiched
30  therebetween and forming a memory cell 5 can be regarded as a capacitor
structure, such that a ferroelectric memory of this kind generally is classified
as a kind of capacitive data storage device. As the electrodes €,,;, in the
respective electrode layer L 1,12 in any case are only separated by a very thin
film 6 of insulating material, the thickness 8 of which being only a tiny
35 fraction of that of the width w of the electrodes g,,€;, and corresponding most
preferably to a minimum process-constrained or process-definable feature f,
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[m, and a functional medium 3 area A is 10°um, i.e.
0,98 - 10%/0,2% = 24,5 - 10% addressable functional elements 3 could be
provided as memory cells storing one bit, implying a storage density of about
25 Mbit/mm®. Wherein the electrodes as known in the prior art are separated
25 by a distance d defined by the minimum process-constrained feature f, the
planar section 4 shown in fig. 10c shall only contain one cell 5 and the fill
factor accordingly be 0,25 or 25%, while the maximum number of cells
attainable then of course, will be ¥ of the number that can be achieved when

using the electrode means EM according to the present invention.

30 This also implies that in an apparatus according to the present invention a
single device with two electrode layers L1, 1.2 and the functional medium 3
sandwiched therebetween will have the same capacity as four such devices in
conventional technology and stacked to form a volumetric data storage
apparatus. However, there is nothing to prevent that the devices such as

35 shown in fig. 12b can be stacked to yield the volumetric data storage device
with a high capacity and high storage density, e.g. with the substrate 7 on the



elements or cells 5 in the matrix given that the area of the accessible
functional nediumis A wll then be close to AAf2 in the apparatus
accor di ngw@3peloghe present invention. For instance, if treTdeMR2YMIMUl e
applied sets, f as 0,2m and a functioniﬁ medium 3 area Ais 106m i.e.
0,98 . 106/0,22 = 24,5 106 addressable Tunctional elenments 3 could be
provided as nennry cells storing one bit, inplying a storage density of
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20 separate memory device.

rreans

The application in the electrode means EM according to the invention is by
no means limited to a data storage apparatus, although an apparatus of this
kind would be particularly advantageous whether it is formed of stacked
memory devices or not. For the general layout and structure of such

25 apparatuses and a number of possible materials or material combinations for
the functional medium, reference can be made to the already mentioned
published international patent application WO98/58383 which has been
granted i.a. both as a US patent and EP patent and belongs to the present
applicant. This application discloses architectures for data processing

30 devices, in casu memory devices, but are not directed particularly to
ferroelectric memory devices. In addition this publication also discloses a
similar architecture applied e.g. to information displaying devices.

Concerning the electrode materials for the electrode means EM as used in
various devices, such as memory devices, they could as mentioned be any
35 suitable conducting material, e.g. metals like titanium or aluminium which
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20 the range of 0,2 um or somewhat less, other technologies presently
established or under development would allow features in the nanoscale
range, i.e. electrode widths down to a few tens of nanometres and for
instance the use of chemomechanical processing in the nanoscale range to
achieve the necessary planarization, which in any case would yield electrode

25 layers L with a top surface of high planarity and wherein all component parts,
i.e. electrodes €,,&, as well as the insulating thin film 6 will be flush in the
top surface thereof.

Generally the use of the electrode means according to the invention in an
apparatus or device where the functional medium is sandwiched between a

30 pair of electrode layers with the parallel strip-like electrodes and respectively
oriented mutually at an angle and preferably perpendicularly so as to form a
matrix-addressable device, shall allow a fill factor approaching unity and a
maximum number of definable functional elements or cells only constrained
by the applicable design rule for the patterning process of the electrodes.

35 Particularly attractive is the possibility of fabricating electrode layers
according to the invention in e.g. a reel-to reel process whereafter the
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capacitor) type, the attainable fill factor shall not at best exceed 0,67.

Alternatively the functional medium also could be applied in a final process
step after the planarization of the electrode means in a continuous or

25 semi-continuous reel-to-reel operation, either with a carefully controlled
thickness or followed by a second planarization. Then separate electrode
layers are cut to the desired dimensions, two electrode layers with the
functional medium already in situ appropriately oriented with the respective
electrodes in mutual perpendicular relationship, whereafter the electrode

30 means according to the invention can be formed and joined with the in situ
functional medium of each electrode means in interfacing relationship. This
fabrication procedure could be repeated to fabricate for instance a volumetric
data storage device comprising a plurality of electrode means according to
the invention stacked to any number desired and thus realizing the apparatus

35 according to the invention in a volumetric configuration.



e.g. a ferroelectric matrix-addressabl e device. The outlined fabrication
procedure shall, however, not be easily applicable to active 15
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appear as a particularly attractive propg gition for say, matrix-addressable
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ferroelectric nenory devices be conplicated and have a hi gher power
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el ectrode dinensions, i.e. the cross-section areas of the el ectrodes which
shoul d be uniformwith regard to their current-conducting capacity. This
inits turn inplies that addressing 5 to a functional elenent in the
functional nedium of shall subject the elenents to the sane potenti al

di fferences for inducing or setting the elenent to a determ ned inpedance
(resistive or capacitive) state. Also when wite and read protocols with
voltages that are fractions of a switching voltage of say, a ferroelectric
menory material are used, a higher reliability is obtained, 10 while it
also will be possible to careful control quiescent potentials applied to
inactive word and bit lines in a passive matrix-addressing schene, thus



avoi ding e.g. capacitive couplings and disturbs of unaddressed nenory cells
in the matrix. WO 03/041084 PCT/ NO02/ 00414 28 CLAIMS 1. An el ectrode
means ( EMvoamamprssi ng first and second thin-film el ectrogeTmeopenss1gl] |, L2)
with electrodes (E) in the form of paralggl strip-like 5 electrica
conductors in each |ayer, wherein the el&Ctrodes (E) of the second

el ectrode layer (L2) are oriented crosswi se or substantially orthogonally
to the elegibgﬁg (E) of the first layer (L 1), wherein at |east one of
the electro ers (L 1;L2) is provided on an insulating surface of a
substrate or Dbackplane (7, 7'), and wherein the electrode |ayers (L1,L2)
are provided in 10 parallel spaced-apart planes contacting a globally
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wa of t ness,6 therebetween, e ej
corrpar t op?’ﬁ’g eﬁrggﬁp?@@gagtfplgp@%gqn%tlgg %\gﬁ%\ﬂn&wwrpﬁb& Qg]ﬁ‘é/%gg)d?gaance d
bet ween t hefigh@tdn0drsdivbaihatbétmeceh| rst set ( Ea) bel ng wb+26, and that the
el ectrode | ers wi t h el.ectrode E e|n ilm
(625"t espeiiegtdzadbi it ana O Fin M Bybrdeoqs Bt Tk} S0 el
2. ﬁn el ect aaiist manat) (oE:‘Mﬁa@s@qy-ﬂkegalmr@dl@ e, Lof &hdtta%amdzthcbkr?ss E:l@,t t he
conducti ng eri e of the
el ectrode | g}%‘e?@c rﬂdﬁﬁﬁfg %fetb}FgI\lﬁsgé (J’T( F@&fﬂ%ﬁ&ﬁug’ﬁ% SB%‘F?‘%% I50Y the
substreg e (distance a%q&alﬁmoel e@tepﬂﬁnnwg,ns (EM according to claim1,
characterized in ectro Iayers (L
1;L2) are &9H59% SFf)(]%‘?S otgggt\é's ‘ﬁﬂ? ?%‘é E‘l?? g%’g Wlﬁi% th gbr%gft e the
ot her el ect figidRnedsAleprdtided idthe spacings between the electrodes (g,) of the first

set (E,) and electrically insulated therefrom by a thin film (6) of an

electrically insulating material with thickness 8 and at least extending along

20 the side edges of the parallel electrodes (g,, €,) and forming an insulating

wall (6a) of thickness & therebetween, the magnitude of & being small

compared to the magnitude of either w, or wy, with the spacing distance d

between the electrodes (g,) of the first set (E,) being wy+28, and that the

electrode layers (L 1,L2) with electrodes (&) and the insulating thin film (6)

25 respectively form global planar layers in the electrode means (EM).

2. An electrode means (EM) according to claim 1,

characterized in that the conducting material of the electrodes (€) of the at
least one of the electrode layers (L1;1.2) is provided directly on the surface of
the substrate (7,7").

30 3. An electrode means (EM) according to claim 1,
characterized in that the electrodes (g) of one of the electrode layers (L.1;1.2)

are exposed to the exterior in the surface thereof opposite the other electrode
layer (L2;L1).



WO 03/041084 PCT/ NO02/ 00414 29 4. An el ectrode neans (EM according to
claim1, characterized in that the surface of one of the el ectrode |ayers
(LI;L2) wppositesthe ot her el ectrode |ayer (L2;L1) is coreradDodpoa4s
backplane (7'). 5. An el ectrode nmeans ( according to claiml1, 5
characterized in that the sectional area of the electrodes (a, b) of both
sets (Ea, Eb) is equal, such that Waha = Whhb 6. An el ectrode neans (EM

according tg cl aiém ‘%’e"%-%%&@g @@?I% a)@céﬂﬁﬁig;ft?%lﬁﬁ?tli onal area of the

[
el ectrodes (Ea) e first a) Is er ent fromth?l;l f_.the

el ectrodes Chalactrizatbinstedilae sarfacery ongpithe rdestrade laieas b. 7. An
el ectrode rfgg?ésiiﬂﬂe BRI 0 d O] e@i(mﬁ)ﬁ@g@%?@% ig?ﬁdibéékﬁlé)ﬁé (1he

conducti ng erial of the electrodes (sa, o] sets (Ea, Eb) is
the sane. 8. An gl ectrode neans -di llaim 1, 15 characterized
in that thescondeé&?lr?ﬁgrﬁg?é?? Sé&%ﬁggéﬁ{éggggﬁiﬁlﬁgb) of the second set
(Eb) i s5dif thamrterizaahint theit chodectiomd ared ef itlad cbdfcttduesdegat,) ofibsth §&a) of
the first sz]té ([%31).. 9. Qn ehﬁﬁtéod_ means (EM according to claimS8,

char act er i zegwith/ thEHEh&UEBAGeY g b ebial of the el ectrodes (Ea) of the
first 20 set (Ea) and the conducting material of the el ectrodes (sb) of
the second $et OEbjleghipdegpactiM)dcearaing faghtittdes 6a, 6b respectively,

such that t i ' . i , j he
Qﬁ&ra@ter‘iféffd Qﬂlﬁ\{g? secf't‘:i‘o%g agéég ,Of Itzlgk%) e%f%u;oh%iee@t{%)e(?f_ theBKisPget

conducti ve capaci t.%( of eac ectro Irst and second
el ectrode sébg ismilferpnt frepthatiofehg elesgingdesi(foaplytheasgcondpet Ap)esBeR r ode
means {&EM %%c[%dhng Wwopclaim1, characterized in that the insulating walls

(6a) between the® et ect f obles (Ca) of the first set (Ea) and the el ectrodes
(Eb) of the,_second sget b) for ortio 6a) .of .the insulating thin
film(6) prdvi degr} ﬁleeﬁtr% ﬁtrpﬁ%%Wf&Fo%ﬁ%&P 28y 1y he el ectrodes (Ca) of
the first sehafdcedrigadid thatahe cahdacting ubsttial 6f {(he dlektrodet g, egpabotds

bet ween the for Eer and. WD 03/ 041084 PCT/ NO02/ 00414 30
sets (E,, Ep) 15 the same.

8. An electrode means (EM) according to claim 1,

15 characterized in that the conducting material of the electrodes (g;) of the
second set (Ep) is different from the conducting material of the electrodes
(g,) of the first set (E,).

9. An electrode means (EM) according to claim 8§,

characterized in that the conducting material of the electrodes (g,) of the first
20 set (E,) and the conducting material of the electrodes (ep) of the second set

(Ey) have conductivities of magnitudes o,, o, respectively, such that that a

relation
Wa'ha _ Ob
wp* hy Og

is obeyed, making the conductive capacity of each electrode (g,, €,) of the
25 first and second electrode sets (E,, Ey) respectively, equal in any case.

10.  An electrode means (EM) according to claim 1,

characterized in that the insulating walls (6a) between the electrodes (g,) of

the first set (E,) and the electrodes (g,) of the second set (E;) form a portion

(6a) of the insulating thin film (6) provided in a continuous layer covering
30 the electrodes (g,) of the first set (E,) and in case also a substrate (7,7') in the

spacings between the former, and



that the electrodes (sb) of the second set (Eb) are provided in recesses
(8) between the wall portions (6a) of the insulating thin film(6) and in
case al sowoaboywsa portion (6b) thereof covering the substPcam®o2ong4t op
surface of electrodes (sb) of the secong set (Eb) being flush with the
surface of a 5 portion (6c¢) of the insul aPi ng thin film(6) covering the
top surface of the electrodes (sa) of the first set (Ea), whereby the

| ectrod , t ' , Ea: h th
cqual ' hor gnt S RetlohSi Gl BPHLY Sor@y (BD) SRAARYGE] i Loty (811RVE ea”
(sa, sb) anbetween tisuivatliprgtions (6a) af the inspdtitgthinfilobsd) prdmacasagheos in
the el ect ; - E ' lai m 1,
char act or | 7800 Aifortiot(b} thordPr EbSEHRG fic SRAFark e REFANIAATOLD O os
(sa) of theeléatendesde,) BAYhandconcheete(fad beotpfuth wyithythe parfeee ohd set (Eb)
f o oy : Fhestel : ; :

brovi oy | nBoriA.(6EPat e it eiaielthih I (O) olep EMIAoP RS Ble ) of
the first seleqtBaesup. e thiselirssset(fface thereof and in case also a

substrate ( e L i e . e
el ectrodes &%%e%}/ %ﬁ%éﬁgg@ggg (g"‘gt% b?é%%gghg?g%?%w%%c%dggégt(?é’)Ebz)et ween
the wall pdavedhe egnyl lnfightsehisubadi ng thin filmand in case al so above
portion (6 t.her ver r (el : of
Phe second cagt 95 Gy SEUERLRIE LR APRR R Arddot g3, 15 BHETHE SRR

wal |'s 1®a) akindBlm (&3 Totme gloka) pantabeyest in e drecodedeeanss@®Mof the first
set (Ea), whereby the electrodes (sb) of the second set (Eb) have the

hei ght hb =1ha - A eRreroldbaheime(EVEciccottingltaydaint L] ch2jacvéritedeiretitat odes

ca, sb) and insulatin terial  (6) forma, gl.obal .plapar.]| ayer

L kmobs nibs ediag SalRyGe) %EE‘%%‘%? g S1e5 0488 (5 %ﬁBSrfFégge%@;EémﬁEM
accor di ng t @h€kRoRobies ¢hHraTtherdecetdisat (E)@tformgﬁoﬂtml(é‘al 6b) vélkhsti{ifa)
bet ween the gl e éro%g}; §a§% of thel_fl rs(i qset ﬁ 5;1% and . thtﬁi el.gctrodes (sb)
of the secorfﬁnéé)? u material Brovated Hed 1HEh CAVeRg e e 195 eAReY B
provi desl i nth@yRscteesk)Ditthe felsestt (Ugup(aheabptshefdcerthbradlandEa) down
to the substrat eggg, 7%‘5 th217 z,l;e ﬁhectro es %fb%, o% t%:ne Séarcong_tﬁet 1are 30
orovi ded i n 8¢ ak0A silsirale{ e A 1B ARE RRAFINES PEE hie,jorgpety gad;tRa he; ; ng
thij nf | fi Ihm (e;@%ctﬁ{t%]bsi (t@bp@ﬁme?ées:@nd}sreeqELy?@rpmhgd?npm f ths@g.sb(s&)lrmme(ﬂlﬁa' )
an ush wi e top surface of a porti . 0 i nsul ati in
film(6) comlrﬁﬁrtl?lhe(%ﬁgﬁf §]§‘F flbséléard?g %I’]‘é‘ ﬁﬁ%%ﬂ‘ﬁdl}e@?&iﬁo 8$0Y%éoa??lit set
( Eg) , vvhe{ ﬁ%b} tl_%é”e@f @@%drlﬁdofﬂ%d)éuﬁdlfﬁté i(V},ttgse}lethﬁ)esgay)EOf tiee fﬁﬁio@:dtse{na ; hb
- 6, a said a .east one el ectrode er W el egt rodes
(ca, sg(? angtb)ngeli V& VA %@Q/?f%ﬁ%ﬁ@dﬁ@‘?ﬂd&ﬁéikéb £ wairadtite

top surface of the electrodes (g,) of the first set (E,), whereby the electrodes

(e,) of the second set (Ep) have the height hy, = h, - 3, and that the electrode

layer (L1,L2) with electrodes (g,, €,) and insulating material (6) form a

global planar layer of thickness h, in the electrode means (EM).

25 12.  An electrode means (EM) according to claim 1, characterized in that
the insulating walls (6a) between the electrodes (g,) of the first set (E,) and
the electrodes (gp,) of the second set (E,) form a portion of the insulating thin
film (6) provided in layer covering the electrodes (g,) of the first set (E,)
down to the substrate (7,7"), that the electrodes (g;,) of the second set are

30 provided in recesses (8) between the wall portions (6a) of the insulating thin
film (6) and in case also directly on the exposed substrates (7,7') and flush
with the top surface of a portion (6a) of the insulating thin film (6) covering
the top surface of the electrodes (g,) of the first set (E,), whereby the
electrodes of the first set (E,) have the height h, = h, - 8, and that said at

35 least one electrode layer (L.1,1.2) with electrodes (g,, ) and the insulating



31 thin film(6) forma global planar |ayer of thickness hb in the

el ectrode neans. 13. A nethod for manufacturing an el ectrode |ayer (LI, L2)
in el ect rwoe3/omwans (EM conprising first and second t hi nPCiriNooeloeatr ode

| ayers (L1,L2) 5 with electrodes (s) inythe formof parallel strip-Iike

el ectrical conductors in each |ayer, wherein the electrodes (s) of the
second el ectrode |ayer (L2) oriented crosswi se or substantially

or t hogonal | it 0, i l.ayer )y r.ei n at
east Jone. of AL R6E FEEhEARERat lplh LR of ki i e P
surface of H%fBstrate or backplane (7, 7'), and 10 wherein the el ectrode
| ayers (L1,L2) are provided in parallel spaced-apart planes contacting a

glhobal ly pr (bgi ded\ hw}hocfl €3 1mhuﬁe;dtmingiamnefilectredbllmyert(ﬂifﬂr,bb%airv\eke_mrode
r ter . tin Rnar r
B TG NN A e R
pl aniar 3 aygwitﬁ .eléergudmie. Eirgagimﬂteefoirﬂj_ ofk patfacbrerhseripilﬂ&f lelsetri@ﬂ coaddciirs iti)n)-l i ke
15 el ectrodes W . an i S mut ua spaced a
ocesees O ERb e e s S e o L e s OBl ol QBSES BB 2 0% 1 o
gf t t he fgndﬂe?tqmc{@tswﬁmbr ?Ihistﬁnpﬂ%y tﬁﬁhbgenaltly ftacke t@{}ectrhﬁles L(b}albf #ghe
et ween e~ StIlp- el ectrodes | r sel, e r e
o eocrodee Grst il (LEE EhEel BER3sEhnt OF shi BB euiile a0 A fra Fince
bei ng equal ptavitbd os & noflatihe suaes o€éa Lbshatavoebasclapldnel(2c?poded and
I ; t form thin fi f el i |

Proul atTng MEERCheJofM AL e drbk B R GpREE A3t des o
the first bspianearud)rxﬂazgusg' tighgbalty picaad_eaii dayero@nadct fumgtivank mieadivinn ft[lﬁ
recesses be - c s o e
el ectrodes %wgﬁee&?%dﬁ? ﬁgg@%é@%%%@ggﬁge@r@%%{tﬂ%ngae@e{rﬂg esgl\?vi th a width
W 25 and t hleckmeslscarslucsunghmateatal anitelaghiclotss lhayera pgbsdittej paltcrasng

| obal I : i : . i
o am 15, "Crd pIBKEE LR TROBUBEAL e RRAl Ry 5%*.‘*%%%?%9??? SRENIPORAT ) ayer
coverihy belegtnogestwitk iwidéh wafand| baeknsgs $1. andtuahly sreed agagrf EREES#ES t he
substrate, 1RQeHERASIH éedidd B t%@fetfnlal%fetrhﬁ% gi‘g%c%ﬁé %nid%ﬂn%'g%?ﬁbﬁ%? ¢ the

second set in the recesses, between the rodes. of t i.rst set_ and
above the i foudusting maierial and pxpesinsfhesariase o thasubstseterhsdwepnybe such

that the toprfiiik@CeOiroli&eof Blechifdt QGEIhOparigeISEIeOnIdSeh tife fikdtst Whid the
insulating thin filmcoverjng the electrodes of the first set. WO
03/ 041084 péquC@é@P@rt fay 9he letance g %elng equal to t%e width 0% tltle recesses
20 between said electrodes and equal to or greater than w,, forming a thin film
of electrically insulating material covering at least the side edges of the
electrodes of the first set, and depositing an electrical conducting material in
the recesses between the insulating thin film covering the side edges of the
electrodes of the first set to form a second set of electrodes with a width wy,
25 and thickness hy, such that an electrode layer is obtained as a global planar
layer in the electrode means.

14. A method according to claim 13,
characterized by forming the insulating thin film as global layer covering
both the first set of electrodes and the exposed surface of the substrate,

30 depositing the conducting material for electrodes of the second set in the
recesses between the electrodes of the first set and above the insulating thin
film, and planarizing the electrode layer such that the top surface of the
electrodes of the second set is flush with the insulating thin film covering the
electrodes of the first set.



32 15. A nethod to claim 13, characterized by formng the insulating thin
filmas global |ayer covering the electrodes of the first set and the
exposed swpfoaoel08f the substrate, depositing the conductipeg/NapRaeodlal for
el ectrodes of the second set in the recegses 5 between the el ectrodes of
the first set and above the insulating thin film and planarizing the

el ectrode | ayer such that the insulating thin filmcovering the electrodes
of the firsfsset Al §H85PVEH 4R £xpose the top surface of said el ectrodes
and such thai the top surface of the electrodes of the of both sets and
top edges ofhameterizng kit forming terinpwhating thin fmuahglobal hyar e vetingabe of
the 10 el eelekadfel dythe i s JIRE MRG3o00R duPAck ahaistibifatec iBpoaitd zed
by formng the insulating thin filmas global layer covering "both the

el ect rodes B ¢dpluqting magerignforighecteodssddhe perand sst in Hie BB8iesat e,

relrmvi rllfg :EBeﬂ\%‘é‘ﬂﬂlﬁﬁe@ él@cﬁrﬁh@s ]{aflkm ﬁl*stts@_f"aﬁ@ta?}a@%cthe:iﬁﬁhlhﬁﬁg?ﬁﬁﬁh??aﬁ?ng t
only e insulating thin filmcoverin e el ectrades,. e fir se
dovin t o subBHAT Zisth HasissHods eHE S b i Esaatng Joe i fgVewBE the
cogdu?:t ing el_rmh@ﬁieﬁloqule tthet géteilgtrem@sd@ﬁ e;tgesselﬁ@mp S@ﬁfab?oﬁ@hidl recesses,
and planarizjng .the electr ayer such that the t surface, of the

el ect rodes Sffecﬁ‘ﬁge%@@gr?&imﬁjstgff%%&’hsélrga[ﬁﬁf eoqleggggg%gﬁlﬂaq PﬁBO{hn?%Sfi I m
covering thenétgstdgdest dfic insel2dng thiatfilpetlladre ffwsh id thehtaprsurfecet @pthe
surfac‘ﬁO of Lhe el egtrode | ayer. 17. A nmethod according to claim13, wherein
only one of eﬁgogp & ¥ode | ayers (L1,L2) is provided on a substrate,

characterized by depositing a.global |ayer of functional nedium covering
the one el &6t rermIeélVéi ape iR to eltim Kibstrate and contacti ng the

glnetcth goglez bé’ﬁarrab&rr%éfd by RS h i Heah5h RGNS thA 6ileh & SRIYaPlgydrayeeridior ect |y

| layer of" a fynctional nmedrum by si steps as, those used
for form nggaw the eestrades pﬁ;ﬂyf figst &eﬁéngaﬁgteﬁa%@y purioge o Cho U BRI ol ng to
claim 17, chah@ein® theadshdatRicomiflifieh & thelsdtiahoMhehackpleaneasaiesnig t he
formed.on the medi um 19.

el ectrpde 30 | ayer, , .gl opal . | ayer of functional
A et hotl- achr @eHGH R TR R soVerEs 26t electiodeny taBe ST hg TR Sonduct i ng
mat eri al of siteraet eadragresing thdeurfaledieres depagisinpnteatoraivetipgt r at e
materi al as teria ar‘ienfgb et surfa(ésf gxi datj on, and fﬁrqi nagr.t.he
i nsul ating PRI ?%@ ER1ARST AG HHEOR 3L dn SHIGECErtHe AN P W ERE one
oxi dati on pthecelsstradedpperoprdhathat the top surface of the electrodes of the second

set and the surface of the insulating thin film covering the electrodes of the

20 first set all are flush in the top surface of the electrode layer.

17. A method according to claim 13, wherein only one of the electrode
layers (I.1,1.2) is provided on a substrate,
characterized by depositing a global layer of functional medium covering the
one electrode layer provided on a substrate and contacting the electrodes

25 thereof, and then forming a second electrode layer directly on the global
layer of a functional medium by similar steps as those used for forming an
electrode layer on the substrate.

18. A method according to claim 17,
characterized by providing a substrate or backplane covering the electrode
30 layer formed on the global layer of a functional medium.

19. A method according to claim 13,

characterized by selecting the conducting material of the electrodes of the

electrode means and/or a substrate material as materials amenable to surface

oxidation, and forming the insulating thin film by oxidizing the surface of
35 either in at least one oxidation process as appropriate.



WO 03/041084 PCT/ NO02/00414 33 20. An apparatus conprising at |east one
el ectrode neans (EM conprising first and second thin-film el ectrode
| ayers (Lwplodp4mwsdih el ectrodes (s) in the form of paral | @ecTatompeditke
el ectrical conductors in each |ayer, %EI n the el ectrodes (s) of the
second el ectrode |layer (L2) are 5 orientéd crosswi se or substantially
orthogonally to the electrodes (s) of the first layer (L 1), wherein at

Least one obol Ne o5l SRR LY g@u{egt e B A

surface of a sub el ectrode

|l ayers (L 1cb@prisies iﬁl:rsiv&trdiaaetimldoﬁna’rﬁlbn eéqyéw@layar& (LbLdnesitkont acting a
| obal | t

achal 1 o BYAEA L34 )l DRGSR b o

defined at ﬂwew&nemndherdlaﬁsodﬂ (@ eaf the secomtielectode layer e X atest

| ect I I

L5 0, B e et U e sty ol

(5) can be dirsi hayeed by Vmb@eym aglwﬂmmaﬁéh@ ¢ladieods kﬁl§§rﬁﬁﬂubﬂ—é?()tli3 odes 15
1, 2) def

éene% at gdl " 2(?\61Edgﬁt({]uﬁf§x§ﬁﬁ§4m§ﬁ PFC%E %@s@é@f%?f%a@k tn%r‘(tﬂ gf) uh%%ll onal

el ement (5) wigreinbdietdaptopde da}yerﬁKLédF%@f@mrpylmﬁg%a@ﬁlQP%W -8Pilitg

bet ween di SCb@éﬂysmo‘ﬁtacgmr%h%&béﬂ??‘?@vﬂd@ﬁ%ﬁ’é@@§’ofsé?‘fﬁc‘(ﬁhfaqgﬁeﬁﬁﬁ{ i cation

| y*correspondi

essenti al dressing o

i,onal ele (5
for wlQe othershatvegsss atherstn fengtiegadcdemanty (W aF eiformp 1$dﬁ&m8%§% e )
?'Ssment S b( 5)fug@t?<§ﬁé1'1ﬁ9d1hgl w)eda:lﬁe@ fat tt@sﬁaecﬁfv? @v%eﬂaggtb@dw%aﬂ@leo@miesrm erial

can e nmade O operate as a as e .o W
swi t chabl e édhe @ﬁfeﬂﬁﬁ@d@flaféﬁrdé{ sf‘leﬁt@Oé %\i) %@16 SCHORE) egz}e‘i:té?‘i‘% in
3/“ dat g SE ﬁr @ngeéa(m}zqrtaﬁa%mdya gidtflksadc%}emm@ﬁ%yﬁwm@eﬂﬂ @Lﬁmmdrgalappar at us,
er epy e re sal e n | s..or n
t akes pl ace S ff*rn%mn@t) rq%%Qbfdﬁl?té‘é%tPﬂ ys@?@?f’élg et tﬁgFg?)%g%&r?%”?%g c‘tnﬁ)é1C
el ectrpsles Ql,Q%)de«ffmﬁi@h@tf@ﬁétﬁ@ﬁka glemesat )GSLwhq‘hladQQJotelmtlal Isesmecitiede

(Ml haerasole e suheohy b i SERLEGES ol &/ GheliBpi M SensR CARRS ane

are mutual | Yeitegipoatiell et petrnasently ch)a'n@enl oms whvatdhigg betweén dmc@mibd of
i ciness o VTG TIATLHGE k8 BOVIR) LA Rt
feature SI zeofan amleeﬂlwg ofiehé fuhctiamdlorlement (Mcliaromete et emopel(a&pns n
e T L
of a selected functional material (3) can be made to opelate as at least one of
the following, viz. switchable logic elements of a data processing apparatus,
memory cells in a data storage apparatus, or pixels in an information
displaying apparatus, whereby the addressing of said elements, cells or pixels
25 in any case takes place in a matrix-addressing scheme,
characterized in that the electrodes (1;2) of the electrode means are provided
in a respective electrode layer (L.1,L2), that the elecirodes (1;2) in the
electrode means (EM) all have about the same width w, that electrodes (1;2)
of each means are mutually insulated electrically by an insulating thin film
30 (6) of thickness 8, the magnitude of § being a fraction of the width w, and
that minimum magnitude of w is comparable to a process-constrained
minimum feature size f, whereby the fill factor of functional elements (5) in
functional medium (3) relative thereto is close to unity and the number of
functional elements (5) approaches a maximum defined by the total area A of
35 the functional medium (3) sandwiched between the electrode layers (L1;L2),
and said feature size f, said maximum thus being defined by A/f".



35 the functional nedium (3) sandw ched between the el ectrode | ayers (LI;
L2), and said feature size f, said maxi mumthus being defined by Alf2. WO
03/ 041084vB@3HNOBL/ 00414 34 21. An apparatus according t @CemNOmioe0s
characterized in that the apparatus conpgises a plurality of electrode
means (EM ...EM') provided in stacked arrangement, each of which

cont ai ni ng and contacting a respective global layer (31...3") whereby the

apparat us igqreahiz NcRoVAhEPBtdhfm oonf i gurati on. 22. An appar at us
accordi ng t% cl aJAIn %%arétﬁb 5 Oerlhg in thaf the el ectrades .in, a second

el ectrode I%ﬁcwlﬁd ig| that ?IEd@P%ﬁ%CQIEWFG%%M‘H@ ity Q& SHERFDHEA edi um
(3) in the {E{Xﬂ OVEIOLH) ﬁ%@sﬁﬁé&’(ﬂﬁ std&%ﬂsar(zﬁi\é%hhéntdba@cbf whithesntdnmiggna
first elect [Layer therﬁ)%( m}erﬁ X 315 acﬁ}ﬁgf n e* ecIrodF ppans
(EM ... EMh§ORtECHBg|q Pﬁéﬁe%ﬂf%g abdayer, Whezeh HireeRaraps B5ralizsd e
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10 whereby a stack of n electrode means (EM;...EM,) is realized with a total of
n+1 electrode layers (L).

23.  The use of the electrode means according to claim 1 in an apparatus
according to claim 16, in order to perform a passive matrix addressing to the
functional elements constituting the matrix-addressable array of the

15 apparatus.

24. The use of the electrode means according to claim 1 in the apparatus
according to claim 16, wherein each functional element is connected with at
least one active switching component, in order to perform an active matrix
addressing to the functional elements constituting the matrix-addressable

20 array of the apparatus.



