4 MAY 2006 1 An el ectrode neans, a nethod for its manufacture, an apparatus
conprising the electrode neans as well as use of the |latter The pyedg¥t2006

i nvention concerns an el ectrode nmeans conprising first and second thin-film
el ectrode layers with electrodes in the formof parallel 5 stripe-like

el ectrical conductors in each |ayer, wherein the el ectrodes of the second
el ectrode | ayer are oriented crosswi se or substantially orthogonally to the
el ectrodes of the first layer, wherein at | east one of the electrode | ayers

i's provi ded AGeRietf e hiddn’g asmetied foF i muhufiefud e anbasxitaane, and

wherein the el ectr.ode.l a er& %e provi ded gn par al i)ﬁ!ﬂ f#gced-apart pl anes

contacting aCceBRyising the %‘FS 10§ aMENS AS el AS R ¢ & um t her ebet ween;

as well as a_ nmethod for manufacturing an el ectrode nmeans, of this kind. The

present i nvedtedqresenttingention sonssrmsamplsatradgmeanseompriging firgtaand one

el ectrode ”eél&ﬁ)lrﬁpff'ﬁ?ﬁlﬁ]rﬂglédtf&?e F@@rsgﬁmi Aebtbled in PAEEGTHh bfParayers with
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electrodes int rorm of para stripe-like electrical conductors_ in each
15 layer? whétriarlikgelestsicat sandugors Hecadt layer cwagrgindac edgarodascolothicent ed

Crosswi se or ssdthid arlictdldeNaPét HROGhted drBsdwWie Vraubs RERmIBS ofth8gbhdlSY to

| ayer, wherein at |east one of the electrode |ayers is_prqgvide n an,
insul ating & P]&@&foéﬁsé’féh%ﬁrﬁhiaé’e&w SFP (34 Aeast omg %féxeeqlﬁcftrﬁge i%éﬁ‘éﬁ iHde

layers are gf&)ﬁh@&%ﬂ i PRNALIIRE sBPACEGfaPaltstik@BebacRPlade! hfd whatkbal |y
provi ded | ayer 20 of a functional gfd ,umthﬁgﬁbet ween, whpgr ei n functional

el enents ar ethg gleqtr@dedayers are providadein paralebppacedsapanhpiangserptasting a
respect jgye ogﬁiﬁaagsprdaﬁawmeelm fiastaforRl nidduhi fidrebé®eden9@e Weélyak aand the
el ectrodes of the. second .electrode 1a er,to géov drg zi\(grrgtrl x-addr essabl e
array, wher efthod formanyifactuging am eleckiodsangans oL fug kigdappi ying a vol t age
to the crossing 25 el ectrodes defining the functional elenment such that a
potential isThemresednvantiopSurther cancems anhappergtushepmprisingadt leastt enof a

functional el ' t it chi ng
berween i scETarRios PABE col BTRIAL Hritad sERTPAGH o ERRIARE Biycft R OF
esstent i al |y ebaoteesiesnuithg form ofrpardtickstsipeglilsé _eimrlf:ahcom?_natbrsemmh Ior
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Accordi by ¢ o D BRctARTE LR B Lot BELHBRNTHI B 08 K O RRlenBe " e
to operate asresswisaor substantialljeorthiaganahiyrtg, theiedectsodlecobthefirsdayer| ement s

g‘; a data proaRssine RRMPERE UE the oYlquigér'% is @r@v%ﬁ%%%ﬁﬁﬂ%agggar atus,
pi xel s in an rnformation displaylng apparatus, ereby the a essi ng of
sai d el ement surfae¢ of agfubsirate er backplane, and wherein the electrode layers are
provided in parallel spaced-apart planes contacting a globally provided layer
20 of a functional 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
25 electrodes defining the 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
30 thereto, and wherein the 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
35 in any case takes place in a matrix-addressing scheme.



35 in any case takes place in a matrix-addressi ng schene. 4 MAY 2006 2
Finally, the present invention also concerns uses of the el ectroda MRE?806
according to the invention in the apparatus according to the invention. The
present invention particularly concerns electrode neans for use in
apparatuses and devi ces conprising functiopal elenents in a planar array, 5
wherein the functional elenents are addressed via respectively a first

el ectrode neans with parallel stripe-like electrodes arranged in contact
with the fuliRihalbpnatheqires®ittinventionalso denddrais @sés afidh@ehddiesdecineans ode

means with simlar elegtrode but .oriented perpendi cul ar to the el ectrodes
of the tirst acEpidthe SadRk ISR omt i rERERICEEREIMER B inkshBos te of ae
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area of the MENHSy Sehdnpiix-gddressabledevices i soumsise ¢r8nftgrttialce t hat
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s shown.ip fig,. 1 a and. conprises _an essentially
ol anar gl obalineyaRalEIgHents riy s idr.ons prmats ety R eh g mEanSa0r 1 r st
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instance in case of memory devices, as no switching elements, viz. transistors
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, 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 stripe-like
electrodes 1 of width w and spaced apart by a distance d and a similar second
electrode means comprising parallel stripe-like electrodes 2 of the same

30 width 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.



el ectrodes crossing at this location, a physical state of the functional

el ement 35 which e.g. can be a logic cell, or a nenory cell, may bMAYae0sed
or switched. 4 MAY 2006 3 Fig. Ib shows the prior art device of fig. lain a
section taken along the line X-X naking the |ayout of the electrodes 1,2
and the gl obal layer of the sandw ched fgnctional material 3 as well as the
| ocation of the functional elenent 5 apparent. The functional nmaterial of
the gl obal layer 3 usually has 5 properties such that an application of the
vol tage to cFigsdibnghevetio pdes att, devioaloy fig.|1la iaf 4 eettidh eakeunslongrthk Iieenent
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e. g. wpn el egiloftddina.g. fertatldomit matrix memories or electret matrix memories

with a device configuration similar to that shown in fig. 1a. In such devices
the 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 these 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
35 the smallest 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



as netallization which afterwards is patterned in a photom crolithographic
process resorting to photolithographic masks and e.g. etching, depangendogon
35 the small est process-constrained feature f that can be defined by the
mask and its value will in its turn depend on the wavel ength of the |ight
used. In other words, this feature f wlly usually within the scope of
today's technol ogy 4 MAY 2006 4 be limted to say 0,15 - 0,2 m and hence
the width w of the electrodes 1,2 and the spacings therebetween will be of
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In the matrix devices of the active kind, i.e. also comprising at least one

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
stripe-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 stripe-like floating gate electrodes in an integrated circuit device,
e.g. a semiconductor memory device with memory cells comprising a
switching and storage transistor structure respectively. Bit lines are formed

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



30 conpared to the dinensions of the conductors or the el ectrodes. The
publication di scl oses how an el ectrode neans of this kind can be yyedy dove
formng stripe-like floating gate electrodes in an integrated circuit
device, e.g. a sem conductor nenory device with nmenory cells conprising a
swi tching and storage transistor structurg respectively. Bit lines are
formed 35 by a suitable doping of a substrate, evidently using the sane
phot omask in 4 NAY 2006 5 the doping process as used in the process for
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20 device as known in the art.
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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 WQ98/58383. 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
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 the first

30 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 f, as the fill factor



the overlap area fornmed by the crossing between the el ectrodes of the first
30 and second el ectrode | ayer respectively. In view of the above 4MAY 2006
considerations it is a najor object of the present invention to enable an
increase of the fill factor in matrix devices of the afore-nentioned kind
to a val ue approaching unity and achi eve a nmaxi num exploitation of the real
estate offered by the global layer 3 of the functional 35 material in such
devi ces without actually being constrained by the actual or practical size
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devices. A further disadvantage is an inherent unevenness in each single
device of the stack. Although a device may be regarded 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.



or volunmetric devices, i.e. a stack with many | ayers, when a conparabl e
capacity can be achieved with a stack conprising only a quarter ofs MA® 2006
nunber of devices or layers that would be needed in prior art technol ogy. 30
Finally, it is also an object of the present invention to provide an

el ectrode neans that easily can be procesged to provide a high degree of

pl anarity, thus avoiding surface unevenness or bunpi ness and making the

el ectrode neans better suited for application in stacked volunetric
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t hi ckness S etween e magni tude o conpare 0 the
magni t ude of fiin bfan wheasricaly 1mu1|at1ngenat]saa1@|1 Ngtldtlsltckncss d andettvieast t he

I h
ol ot robls agatding afdne fle S8R G tne BATANCIIeCR60S: B4 Biling BXTL%, 111
the el ect r odénsudatisg “Aaii/aﬁthgkna&d § thmbct)mhmtthngnmlmdeabf o6fbeihg small
el ectrodes | Rofipar€F 1 (0 iadli AR AURAAKET 0P AR, BRUPUAVE ARG iiaghLy gon the

u adv he rodes

surface of the rate. an ageou% one” of the
el ectrode | ajoetwe@athebelecmopiesetﬂ the ﬂ:rh‘eseémeeng oV, 120, tand that fhecelectredeof

opposite the - Rgﬁ f of
one of the ellg{}rgm gécgrs Sgdgléfsﬁ%éqhsﬁl tﬁi %fer gt} {gfb(s)taﬁ'ﬁla?{hrr lgg@rs
cover edlpy aimshakplestrodeimeams.advant ageous enbodl ment of the el ectrode means
according to the invention the sectional area of the electrodes of both

sets is equaLAdv&hh@ doidly théhbendu mazéndlrbtaﬂh@téleétradwm agkrags ofgbodi ment
of the electr r@ ns acco dlng C?ﬁ‘éi@lﬁ thnve |on Hi‘tlo al] area of the
el ectrodes oF JET S8 OPPIGVE BCUY Gt ?ﬁ’&f étiatfdes of the
second set such that waha # wb-hb
Also advantageously the electrodes of one of the electrode layers can be
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

Wa'ha = Wb'hb-

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.



In further advantageous enbodi nent of the el ectrode neans according to the

I nvention the conducting material of the el ectrodes of both sets 4 MAY2006
same. 30 In a yet further advantageous enbodi nent of the el ectrode neans
according to the invention the conducting nmaterial of the el ectrodes of the
second set is different fromthe conductigng material of the el ectrodes of
the first set. 4 MAY 2006 8 In the latter case it is preferred that the
conducting material of the electrodes of the first set and the conducting
materi al of Idﬂﬁleellaet@trc@@l:est iefprefared dendhe eondbetigg eeadtial o¥ithé ela‘eo@lfodes

magni t udes 6 6b.r uch that a

T obeyed. rakiitoitsiact ot ife Condising Atyeael SLBIF SltstBRsoTdhe HReond el and
second el ectlidgecsmhictivitips of invagnitudgus), dyregpoctdade, such thapracfedaticd

enbodi nent of the el ectrode nmeans according to the invention the insulating
wal | s between the eI ctrodes of the first set and the el ectrodes of the
second set forma—ﬁo i-of%f the insul ating thin filmprovided in a 10

conti nuous | ayer cmvdtz,l ng.t he el ectrodes of the first set and in case also a
substrate in the spacings between the former, the electrodes of the second
set are pr n WSy t el Lagi ng
thin flejm a\ré e(k:l g%a‘?&ﬁé?ﬁéc@@&e neo%k?aoerf]%“zuereoli é%g?}rg‘rae 6ﬂ1ﬁheﬂ§3bg?rate
the top sur-‘r@;@@dcﬁle@ﬂr@ét S@@é@SB‘PCtWﬁéy,s%tﬂldn%ﬁ/ aseng f | ush with the
surface of a 15 portion of the insulating thin fllmcoverlng the top surface
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el ectro means.the insul atin S 0 bet n el ectrodes the first
cet andl e SR TETr ShkETaEThe Bec RS hIBE ArtEE 4 IRERR Aol | m o
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el ectrodes ' al so
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the- subst rat SO EF BSfiadts 813 e Bk ShERESRibR B MR AR SEHE o
edge df5 t hepontsm af thegm&alatmgﬁumdillm asvetieg the tcsp: sﬁefaee of theeladtendesodes

of "the i Stop AR irdt1GE SVKeldh§ HUALERHRS Of boRURHRInaTheR¥Gn RE1s"e! 0Nt

"have the equal heights h,=h,, and the electrode layers with electrodes and the
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 hy, = 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



the electrode |layers with electrodes and insulating material form a gl obal
30 planar |ayers of thickness ha in the el ectrode neans. |In yet a4MAW2006
preferred enbodi nent of the el ectrode neans according to the invention the
insul ating walls between the el ectrodes of the first set and the electrodes
of the second set forma portion of the igsulating thin film4 MAY 2006 9
provided in |ayer covering the electrodes of the first set down to a
substrate, the electrodes of the second set are provided in recesses

bet ween the p&videdir laywrscovkrinigethierededtaddesgof thenfifstiset dosvrdio @stubstrate, t he
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etween the stripe:like c . I
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equal to thechdrdetariged bhisstepsclos slepositingeseplanar thyer ef elestidealapmdaotingual t o
or greater tﬁlggbri’@miftl%ffh{&nésst HJéhE'shH&t?ite?I;@t%ﬁI@kéM 1854H 1§§/eln&f mat eri al

covering at t the side, edges of_ the el ectyodes of the first .get,. and
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set to for

a second set of electrodes.wt wi dt.h wb and t.hi ckness hb,
suen thar 2GR Ehe o S Bhftidtiedr B Ytletle Ml S Lver Mo he
el ect rode neesyposingthersuathcarmidhe substeatb betwesnt thefsttipe-lilet dledtradeotitheg t o

t he inventi ' ' | [ FSatf ering
both the 1 raEtSey t%??%ﬁ‘”‘%l?fﬁét‘dgg@%%g ' BTG g R A EEL IR e

t he conductii’@taﬁ‘ﬁfﬂ@rbf’dpg eqyal tq e wislil of the racesses shneek saidegiectrodss ad  he
recessex) bet yfri td b€ 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, and thickness h,, such that the
25 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



30 electrodes of the first set and above the insulating thin film and the
el ectrode |ayer planarized such that the top surfaces of the el egtimaviesoef
the second set are flush with the insulating thin filmcovering the

el ectrodes of the first set. In another advantageous enbodi nent of the

met hod according to the invention the inpglating thin filmis fornmed as

gl obal | ayer covering the 35 electrodes of the first set and the exposed
surface of the substrate, the 4 MAY 2006 10 conducting material for
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mat eri al of %litllér"eﬂg‘éﬁr@&gg tgp SPH@CFP@ e§L‘E H?Aﬂ lgrye& substrate material as
mat eri al s anenabl e to surface oxidation, and formng the
In a preferred embodiment of the method according to the invention a global
layer 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 or 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



insulating thin filmby oxidizing the surface of either in at |east one
oxi dation 30 process as appropriate. Finally, the above objects agmgyhoes
further advantages and features are achieved according to the present
invention with an apparatus characterized in that the el ectrodes of each
el ectrode neans are provided in a respectiye electrode |ayer, that the

el ectrodes in the el ectrode neans all have about the 35 sanme width w, that
el ectrodes of each neans are nmutually insulated 4 MAY 2006 11 electrically
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a passive matrix addressing to the functional elenents constituting the
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the functional e]enents caast ifuting the nat rtx-a dressabl.e ar ra{ﬁ of the
appar at us. Tﬁé’%?’é@éﬁ?tri"h\? FgssHmatq theplaingiona el.?ﬁb"é?@t%&é“ﬂ&}m% ng the

fol owing desfitikPiddressibl4eri of theedfpadatiBNas well Adtheh &CHT BiteelFBABIeand
the nethod for the nmapufact Hrl.ng t hereof, and a descri ption gf an %odl ment

of 20 the apPHRRsASCPHIA8HPY EtIFB?PWI%H‘f}FFe“’é’;%‘éW&&PRi’F%WSn‘ﬁ CTGIH C/ARN ch
figs. Ia,b,cfeh@yomllémentis comscta® with ai easdoneasabt ewdeshing exenplifying
a convegél onally attai.nable fill factor in sucq .dev(#qc{es,. as abr&ad : onal
menti onéd, f CHRIPORENLANQIHERER PELOFT it BEYE MAtHXAGdIESTHRR (P 4Rt PP%@O%PH rst
enbodi ment otlemierets @onkHdain@yiey mathR+atidressabld heaproftastapparsasi on, 25
figs. 3a,b schematically process steps for the manufacturing a second

embodi ment  ofrplhe..el AGHLRAR oh AVE] baBERER LRdelsPod I By REETRY tHe Mot iag and
e tep of fi ¢

deriving fromthe process s g: ,
description of exemplary embodiments of the electrode means and the

method for the manufacturing thereof and a description of an embodiment of
20 the apparatus in conjunction with the appended drawings, in which

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

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. Sa, 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,



figs. 4a,b schematically process steps for manufacturing a third enbodi nent
of an el ectrode |ayer according to the present invention, and 30 deMAYi2006
fromthe process step of fig. 2c, figs. 5a, b schematically process steps
for manufacturing a fourth enbodi nent of an electrode |ayer according to
the present invention, and deriving fromphe process steps of either fig.
2b or fig. 2c, 4 MAY 2006 12 fig. 6a schematically a plan view of a first
enbodi ment of an electrode Ilayer in the el ectrode nmeans according to the
pr e?ent i6 nvefiig. @a, fi %sclﬁémsﬁllaflmﬁhipiah vyew afra)ﬁsms?nbb@hnaitddmﬁlb egdmdidﬁen;
infig. 6a, tiqg. .7.sC tica a_Cross. section o .secqond enbodi nent o
an 5 elect rl@%rllﬂy}ﬁ? ef%%{%ge %’Ieégf ragﬁ%rcﬁg%g%ha%gaersgpﬁbmfedﬁ{% pr esent
invention, fig. 8 schematically a cross section of a third enbgdi nent of an
el ectrode | afig 6bn t hesehematiedidy axanss secdiondphthe embrdipeatinfigi fgent i on,
fig. 9a schematically a plan view of a fourth enbodi nent of an el ectrode

layer in thefgl gctrodesdRanstiegitpadiross secticicoPs esesid emidiment of@nfi g. 9b
schemati cal | i 0 enbodi nen

a.crpss_sectijon of the enbod .in fig. 9a, fig. |]. Oa a
cross sebt | obSHToe ay St T I pRsa%F ZhES 4 oording oot R R entioBor di ng
to the invention and covered by a global |ayer of a functional pedium fig.
10b the secofig. & ect r odeh¢mgleally agrgsnpeciionepbadhirdrambedimentgfearbt 15 the
first electr " bel h e e mERRenfieror di ng
to the inven?%ﬁ%@éﬁsyéﬁﬂbﬂﬁé%?g?g?r e%%%dgg?@n@r# of tlﬁ% eeI ectrgde reans
according to h invention, .fig. 10d how a plyrality . of,.el ect .ode neans can
e stacked t 8% oam o ehpptirelly alan e S Pt plptPdifiedl of e ne
manuf act ur e efecarvalenayeeibtit sieotrode méansedordmgeto thegmesentcimventignf o t he
invention, fig. Ile how a plurality of electrode neans according to this

enbodi t c stac : j Vi I O; agga plan
Vow of T padBrof mcr FeeaicR Rrts WiRloH S ARV EBodmmihtin RO,
apparatus accordi.ng to the inventio d wth el ectrode an ccording to
e bresent  Titedgaron_ ararges ssiian SEedisheleskiodedrsfig tectIREoRR RS S oo,
and according to the invention and covered by a global layer of a functional

medium,

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. ‘



fig. 12c a detail of fig. 12a and illustrating the fill factor attai nable
with 30 the present invention. 4 MAY 2006 13 Now the el ectrode nemIAY 2006
according to the present invention shall be discussed with reference to
figs. 2-5, illustrating the manufacture of various enbodiments of an

el ectrode layer in the electrode neans acgprding to the invention. It
shoul d be noted that these figures are very schematic and 5 limted to show
only the sufficient nunber of stripe-like electrodes that is necessary to
explain the N@nuf}&cﬂuebtmgeahm mrdiﬂwuhreqmﬁemmbﬁubnmll bayer in the

el ectrode neans ac n toth invent i on trode ans ccording to
the inventio S8FS§?§U b%g S?; a-%‘ 1&’15 épgn‘t eo(fta HLXi nd
and wi th t heembedimenissofaari atﬂclttg)da lgietnl thle()elbel;rede mcﬁnsaadoomdmmaﬂhenedl um
t her ebet vveen and..con i th I h ectrode
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ref erence tolaalecumﬂmekﬂctmdefmcawamﬁrdmgMﬂm inyfentiea. eI ect rode means EM
and how such enbodi nents of the el ectrode neans can be stacked to forma

vol unetric sThy %uwtﬁad@ﬂmm Iaeaoahﬂg 6 dhé invedltiont bﬁceuﬁ@tdcﬁﬂpné@aﬂm
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abzlhg or
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the condug}] I ﬁ%lgﬁftﬁé?%hdsembb@ﬁnétﬁﬁ abe:ﬁasefd@scirﬂ%a Before afidcipp | Gppropaely
covering the suhstr ar e n nt.o i

el ectrodes Ep°§13PHFadmfil"PegSET“@@?(ﬁ g’éﬁ'&ﬂhéf'tfq ‘iff &cytelr g‘d]eg’ééltﬁ%gﬁg@ﬁar at ed
by a distan eﬁl3s£fafuﬁaldm1rﬁwdﬂumﬁsan& bhepredetmesner. nthlsrshhll beow be
under st pod t t WI}(ljtf‘té\lil tﬁ}or Iectr des E. ;obt.ain & bla ¢
pat t er nthg p? YrnerRelp WL 8? Gaiple S pr rd ethbodfments
process- consdf eheneldcfrede uneanst ENMbgnd thosesich émboldm'eatnc@f thteeeleurodg

conventi onal photom | t.hogr aph 30 and wi th phot o apd
subsequent - cTRAHah Frcrtch LG RO o SpuRReE StBERirE oftbrisac? BIANBGSE 15
mor |ess anﬂletdfleetmdelmdealiseICCOCMgemathnbemﬂnom0 the mni mum w dth of the
el ectrodes E. as well as the

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. 2c the stripe-like electrodes €, and the
35 exposed portions of the substrate 7 are covered by a thin film 6 of insulating



width d of the recess 8 therebetween. In a third process step shown in fig.
2c the stripe-like electrodes Ea and the 35 exposed portions of #MAY 2006
substrate 7 are covered by a thin film®6 of insulating 4 MAY 2006 14
material, deposited or formed by neans of any suitable process, e.g. by

chem cal vapour deposition, spraying etc.i4#s known to persons skilled in the
art, this insulating |layer 6 then can be extrenely thin, say in the range of
a few nanonetres and i ndeed have a very small thickness 6 conpared to the 5

wi dth V& of hlwgehledeposiesd 92 fotfied biyareids of aapsaitabrRpprieers) d.8. byg. 2d the
insul ating | ayer.6 coverigg thlg. el ectr.ode Z’f gnd t he substra g 7. 1S
renoved and FREMIGAL ¥IPQET dERO$ILION, SPtAYANS 8&' 3 KBRYIstoRIERRe killedin thee one
used L Fr pat b tﬁi@@n%ﬁi@tiﬁgdﬁyémﬁlelselflaan bﬁ ex&ﬂgﬁﬁl@?hin/,@;y inytha rangb:oﬁa'lt) i on of
sui tabl e progesses, but convenjiqnally the 1 r rred.process w e

phot omi crol i %‘ﬁéﬁa&ﬁﬂ‘)ﬁtﬁﬁst%‘gl]’dtegﬁ e ﬂﬂ?‘ﬁ tgjﬁ‘iﬂ”@%ér@‘ﬂﬁarﬁﬁgp&hﬁsks as
used in §he gtigth ¥hefhte Rlddtibdedte,coul d then be used, e.g. adapted to the
width wa of the electrodes sa and as applicable also to the width d of the

recess 8 ther e BebhRfhrocklelteh Mot id hlggaaqﬁéﬁnmtaﬁgg a9t YToVEARBURD as

depicted in Tig. on portion ti remai ns
t hi n-fil m | agkectiosles lsg andlthe pubsirates7 ararheyeband thismtebwdl @ag takepladede of

the stripe-1ljike el ect ] fif . ' ig. 2e
e R T
used for theaképmtivetie byet céiabimatiqr of sui¢ableprobessescbutsesn & itmnatigrthehe

el ectroges s .S .G cll ' I S u . pbe
provi deg(?i n §regfggﬂgalpr$§§§ejsr &/él\é&gf%}%%@ﬁ{:%oﬂt?ﬁg&ﬁﬁggv?t&s& b%gq‘é%rgt értgglené es 8,
but is in thEorfeypoadatpphotdepaskistasdisedanrthy step sliowh integ.r 2z eguksthenl be

of the | ayer SR, iR B%he Wit 3, ULAE AITRAR Boand ¥ abBicdfRATY ™"
Finally fig. tethawopdthtd oé:’thw acraas'sﬁaﬂiembeiwepnmmfteeithecfouchhbpﬂmesxrsnepra al s
is renoved o3 f: | NsU ' | ' such t hat
: t now for nsgﬁﬁ&g%?iiggﬁla??g%g#tggturlo. .2;%&&&%11{5%16‘3‘215 ¢ cédrl?)@ @%tt Eb

bet weenl5 el etemaidis0fRhedhin-fidnf layer isthecwaldwrtions a thedeef extendedilong

i nsul at ed thﬁ'l;eﬁgeiﬁgrgftm S%ng_gnﬁseg%@%kggeg/\gl | portions 6a of the insulating

thin filmé. recess e protess the illustrated fig. 2e could

be regarded as casting nould apnd the_conducting materi.al s provided therein
by ang suitabh a fgf;]gﬁ)irg@eﬁgrsé%ggpwn in fig. 2e anotheg conductive matgrial which in

any case could be the same as the one 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 €, 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 € is
removed down to the height of the insulating wall portions 6a, such that it
now forms a stripe-like electrode €, of a second electrode set E, between
electrodes €, 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 the illustrated 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
plan view in fig. 6a. Herein the electrode layer L comprises a plurality of



This resulting enbodi nent of an electrode |layer for use in el ectrode neans
according to the invention and schematically illustrated in fig. 2MA2@60wWn
in plan viewin fig. 6a. Herein the electrode layer L conprises a plurality
of 4 MAY 2006 15 stripe-like parallel electrodes sa, sb provided on the
substrate 7. The electrodes Ea can be enyjsaged as belonging to the first
set E. of electrodes E. as resulting fromthe patterning step of fig. 2b,
while the el ectrodes Eb between the fornmer can be regarded as belonging to

_thef_seconczi S§tki glfilaé ?ﬁreﬂl@@l?@@wesf@a?@[,bir@tﬁd%ﬂwlﬂ t}{eemgfsmeés, Jtep depi tcth ed
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|to[] QCESS 5‘025 elf@b%rﬁtléé p@smilfiﬁtgsﬁdsmthulr;ﬂobastsfdtep d%picgé%i ihffigsfamﬂlfdﬁ%"ﬂ’ge ]
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scal e, with yhandnth¥ widehoiitRé BledtRod¥syiifevi@NdwWHE dalus whi W, ahldm all

preventing electrical faults and 15 bregkdown_between the electrodes sa, sb.
I n ot her V\Drﬁ’éﬁtbﬁr‘tﬁmﬂél@%h%% thaye abouf thesigrilanmagnude othe MInMWRs 5ci ng

the el ect r odgglugof WHIEH ®éll be giveR byethestalu€ af e iiaihaii ng, all the
paralle] strip-like elecitraqdes sa

~Sbhb.will he ~mutually electricall
i nsul at ¥, APLAcEps-GANSIaingd tsatyre f Q\BfarlﬂalPliegm thg gaﬁm%\gqplch&ss g%r ngeds no

I lﬁrt hler tex pldammia@,tgels&m@ﬁte int ﬁﬁﬁszAbqlw%ﬁs tﬁhfz‘}thé ﬂﬁtckﬁé@gé o_fZH% of 3ot h
e electrodes sa, sb as we|]l a e insulatin portion 6a is, n
that one haslqsﬁiatgkﬁjé’taﬁd?f)réloiﬂsvﬁs? etgge_enﬁh!n@\gtlgggo Frafb> Fe 48 §HE§°HSt5%‘ln_ﬁEZH’ t he
el ectrodes i faf€neHt Revera thitkhed® doWietom HhRomkte! Rald,00RA tha.ondp W || be
the sane and Igsgual to a vglue w, all etﬁq(;tfr odes sa,. sb .thus T?’Vllng tge sane
cross- sect i ofPREANGIRIPIGVIAE 48 ighulatipechin TpnRwEntigrleetioal aulisead t he
25 sare| T ondytdakdowhl B dentthe elbetrédid)l egem Gthet hﬁ)ﬂk??fd\ﬁiﬁ@d TR heEM
conprising el ectrode | ayers L gs. di sc.ussgd th ciegard 0 t(ﬂ.esﬁt t ai nabl e
fill factorsSWh3§q o Q‘eeg‘g?séﬁ’aﬁ% _lﬁlé?réq\flpgt E GHFEEQ G AN L ISE R si on of
the appar at uglea&$dlF} MBuldtingd Gl theepirafle] s&ip-tikeWleéttodéde,, ¥)avilBRe Fi gs. 3a
and 3b show t he :{H ocless .St ﬁ:p, for n’gg\lé;act uring a second enPodl ment of, an
el ectrode | ayually glechrically insulate sectian ek thsr piang ey 1n fig. 6a shown in

fig. 6b needs no further explanation, although it is to be noted that the height

20 of both the electrodes ¢€,, €, 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 €,, €, thus having the same

cross-section area and if made of the same conducting material €, also the

25 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. 2c 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
the recess 8 in fig. 2¢ by any suitable process and then follows a



the present invention. The process step depicted in fig. 3a has as a
starting point the structure shown in fig. 2c with the insul ati ngMAynodeé | m
6 already in place. As shown in fig. 3a, an electrical conducting nmateri al

s which again 35 can be the sanme as the conducting material of the

el ectrodes sa is deposited in the recess|g in fig. 2c by any suitable
process and then follows a 4 MAY 2006 16 planarization step resulting in the
structure illustrated in fig. 3b which confornms to the second enbodi nent of

tlhe tel egtrocEi 1d@yﬁatﬂe§aﬁ@ rrém{winthntthe sthuRy@rmetil RRtrated ihfig. QWHidhEPt the
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an anount ¢ on ness S o e insul a |
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thin film®6 is deposited gl oball overln in the substrate

el ect rodes ssorrAsemttpﬁ@eﬁhtcémea$ 00 |tbeﬁaw1@élmsthmé'ﬂm 01 Ilhgf@idocover i ng
the recess 8o8fajhitHe safe &IBEHbHE RP0dssechidnS HHHBbH Eldtrddes ¢, 8, tRE Willth

pur pose of
20 wy, of electrodes €, should be correspondingly enlarged to account for the

fact that the height h, of these electrodes only can be h, — 6 after the
planarization step making the top surface thereof flush with the insulating
thin-film portion 6c¢, cf. fig. 7.

The process steps for manufacturing a third embodiment of the electrode

25 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. 2c, 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
the recess 8 of fig. 2c, resulting in the structure of fig. 4a for the purpose of

30 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,
and leaving the electrodes €,,€, exposed in the surface of the electrode layer

35 all mutually flush and flush with the top edge of the wall portions 6a of the
insulating thin film 6 as shown in fig. 4b. This third embodiment now



30 formng the electrode sb shown in fig. 4b. The conducting material s can
of course be the sanme as that used for the el ectrodes Ea as bef ogeAXQoo06
follows a planarization step, whereupon both the portion of the insulating
thin film6 covering the electrodes Ea as well as excess el ectrode materi al
s are renoved, and |leaving the el ectrodeg7sa, sb exposed in the surface of
the electrode layer 35 all mutually flush and flush with the top edge of the
wal | portions 6a of the insulating thin film6 as shown in fig. 4b. This
third enbodi G‘Bﬁ*es?@misﬂrtd\/l‘h\é aﬁ)@ﬂlﬂslraftedm%md&ecmntﬂmeﬁgne whlens itrwilédei n

cross section in s n that all Iectrod ea, Eb
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t ake pl ace an abl'e ne
et chi ng?é qi@ﬁﬁe&w@ﬂ@qas} ggq%eﬁwe%s thaiss rlﬁﬁawly e §er 5a and 5b

illustrate pb%ﬁﬁﬁl%%&%xﬂ@ coMdn&ifg tcbﬁéc&y mhwaect%@@s% > €5 1290 neddeewither
fig. 2b or fig. 2c abrLcatlrh a fourt’h epbodi pent of  the electr

Q
| ayer L accopanﬁ\gctmg mateHabyath thesame condugtivitnel he planagizatioagan %ﬁ%ﬂﬁ s

fig. 2b, thi %akdrpia'ceSan hsfﬂlﬁtdbfle h’f@n@' e%t E:ﬁ@ﬁlo?ﬁédlﬁh%aﬂspcﬁ?sh@ﬁ% dRfifoldd a
conductlng mat er.i al sui t rties % nmetal |ike i taniumor 20

aluminium tR lﬂﬁﬁr@ec%‘ktF ?4 \‘?EFEP'B FasiYeRT9S For m t he i nsul at i ng thin film
6 covering the electrodes wth edge portions or wall portions 6a and a top
sur f acelport tibmalBy; fags.depand 64 illustraty. powesBsteps lderjpying esthes fspmshown i n

naut ating EPRsE R BF bitheP e ob B o8 06 Pairbarlr o 6t lpidiTof @
i.e. in the # cbca@sledaycleh\amgrdimg¢0tthe p@emtnodemlea Kaherpminbof porti ons
52, anc 0c o abBRy R 2800l g L Sic R eGPt g e, O
to a selecti ae:omxlnldanganaterlal of suitable properties, e.g. metal like titanium or
20 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. 5Sa. But the process step shown in fig. 5a
could also start from situation shown in fig. 2c implying that the insulating
thin film 6 must be etched away where it covers the substrate, i.e. in the
25 recess 8, leaving only the electrodes g, 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
the electrodes €y, one obtains a much cheaper way of providing insulating
30 thin film 6 covering the electrodes €,. Electrical conducting material € is
deposited in the recess 8 between the electrodes €, 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
form the electrodes ¢, in the recess 8 between the wall portions 6a shown in
35 fig. 5b and covering an insulating surface of the substrate 7 in direct contact
therewith.



of the electrodes Ea before depositing the electrical conducting material s
for the electrodes sb, one obtains a nmuch cheaper way of providi #¥1AY 2006
insulating 30 thin film®6 covering the el ectrodes Ea. Electrical conducting
material ¢ is deposited in the recess 8 between the electrodes E. and wil|
then, of course, be insulated therefrom ag before by the insulating wall
portion 6a, whereafter a planarization step shown in fig. 5b renpbves excess
conducting material 6 to formthe electrodes Eb in the recess 8 between the
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thermal ox1dat10n process resulting in the structure shown in fig. 2c. This

20 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
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

25 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
as already mentioned above. Such oxidation processes are well-known to
persons skilled in the art and shall not be further discussed here.

30 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
contact therewith. Fig. 10b shows the second electrode layer L2 with
electrodes provided on a backplane 7' which corresponds to the substrate 7 of
35 the first electrode layer. This electrode layer is of course in all respect similar
to that of the first electrode layer L1 and is joined together with an
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drivingy@nd aRRh6R) and'applying voltages to respective electrodes of the first and

second electrode layer shall then polarize the functional element 5 formed
between 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

25 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
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

30 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
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
35 are rendered. Fig. 11a shows an embodiment with a first electrode layer L1
corresponding to the one shown in fig. 2f and provided on a substrate 7. A
global layer 3 of a functional medium is now applied over the first electrode



connection wth an addressing operation to the nenory cells when the 25
functional nediumis a nenory material, e.g. wite and read oper aigMKE 2006
is to be understood that el ectrodes nust be connected with peripheral
driver and control circuitry as readily understood by persons skilled in
the art. Fig. 10d shows how several suchjgevices conprising the el ectrode
means can be stacked to forma plurality of electrode neans with a
functional medium thus 30 realizing a volunetric device. It is now easy to
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from 29 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 thereof.

Depositing a second electrode layer L2 directly on a functional medium may
pose particular problems when the material of the functional medium for

25 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
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

30 200°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
thereof. Also a subsequent etching in the patterning step to form the parallel
stripe-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

35 laying down the metallization layer without inducing damagingly high
thermal stresses on say a functional medium in the form of polymer material.
Various spraying and sputtering processes, €.g. using electron or ion beams,
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mat ri x- addr esderein @ éynetéonal medium is deposited in a global layer 3 and sandwiched

between two of the electrode layers L1, L2 forming the electrode means EM

20 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
in figs. 6-9, will be identical to the electrode layer L2 which, however, is
provided with the parallel stripe-like electrodes 2 oriented at an angle and
preferably perpendicular to the corresponding electrodes 1 in the electrode

25 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
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

30 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
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
embodiment of a data storage device and most particularly a ferroelectric

35 data storage device, preferably with a functional medium selected as an
organic material in the form of a polymer and copolymer. However, the
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in figs. 6-9, will be identical to the el @otrode |ayer L2 which, however, is
provided with the parallel stripe-like electrodes 2 oriented at an angle and
preferably perpendicular to the corresponding electrodes 1 in the el ectrode
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respectively W he+ fo'rr Srtna?/ de Swit Oﬁ'gd ‘t% B 6819051 ayerl%er{'o]mengn which may occur
20 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
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
25 polarization state thereof. In physical terms the overlap of the electrodes 1;2
of the electrode layers L1,L2 and the ferroelectric material 3 sandwiched
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
30 respective electrode layer L1,L2 in any case are only separated by a very thin
film 6 of insulating material, the thickness & of which being only a tiny
fraction of that of the width w of the electrodes ¢,,&, and corresponding most
preferably to a minimum process-constrained or process-definable feature f,
it will be seen that an electrode means EM according to the present invention
35 allows an increase in the fill factor towards unity. — It should be noted that

the electrodes €,, €, in any case may have different widths w,,wy, but as



The pol arization state of the ferroelectric nmenory material 3 which of
course, nust be capable of exhibiting hysteresis, can be permanenhyaseeeboe or
storing a logical value therein and/or the sign (direction) of the

pol ari zation, viz. + or - nmay be switched to the opposite, a phenonenon
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shown in fig. 12c. The area ocgcu (3/% e insuldatin a bet ween

The el ect r odek ths platasaFignonal be dar & QAL+ 800 59,08 sndsha filhgactor

el ectrodes t BegERky 34,08 £0@18% @'aeﬁllrﬁéﬁaﬂm% helrdaxihhim %nﬁé?of 8f3 +
452. This inmlies that W th bei ngflonl tiny fractigon of her for the

wi dth wlof t Hanedienal edemments, @rC@life nthe f‘b?éfleirglé[%rtb% r@ﬁlw €in the

appar at us acﬁ@ééilsftgetmn&hsnalnfﬁ@amxﬁris mmam fifbnt tb@bld‘sle%eAné uwﬁ% Bpardfud he
area of functlor%énrreme sandwi ched het ween t

e e%:?ro e |lay ergl hl
i's taken up BSCUNENG ihERG BFRSEIBIBRINI. Prd@w@gce,tlﬁé Fidss e 2BPbed whi o
will be f2. ke ﬂd&%@'ﬁ@@ ald affuncﬁ‘blhaﬁ Iﬁéﬂlutn‘i)&ﬁ’rbh% adom, 901 If, the area
of the planar SeCtIé) will be ]1+00004-4 8 and the fill
fact or 0,98 - 10°/0,2° = 24,5 - 10 addressab e functional elements 3 could be
20 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
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
25 attainable then of course, will be % of the number that can be achieved when

using the electrode means EM according to the present invention.

This also implies that in an apparatus according to the present invention a
single device with two electrode layers L1, L2 and the functional medium 3
sandwiched therebetween will have the same capacity as four such devices in
30 conventional technology and stacked to form a volumetric data storage
apparatus. However, there is nothing to prevent that the devices such as
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
top of electrode layers L2 being provided to function as a separation and/or
35 insulating layer between a first device in the stack and the one following.
The outcome is, of course that the same capacity in any case can be achieved



beconmes 4/4,08 = 0,98, i.e. a fill factor of 98% The maxi num nunber of 15
functional elenents or cells 5 in the matrix given that the area #MANZ006
accessi ble functional mediumis A, wll then be close to AAf2 in the
apparatus according to the present invention. For instance, if the design
rule applied sets f as 0,2m and a functpgnal nmedium 3 area Ais 106m i.e.
0,98 106/0,22 = 24,5 106 addressable functional elenents 3 could be 20
provi ded as nenory cells storing one bit, inplying a storage density of
about 25 MotithoRly M\h@fﬂimnﬁrhbeebédbvmée&nmodymgnhé prédent pnventien in ar e
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"/ < of the nuidieriabf devi ces enbodying the present invention in a stacked
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degree of precision, ving an over al lanarit nanoretre scal e
even in |ar ged%rrt@awelteéndcmd %eb@h@ ﬁ@c‘éﬁl i 0 theofum iopabswadiumninedachon. For

i nstance cagegsrafeRich§dd&hegpmechani cal polishing be applied to provide a
10 finished el'ectrode neans w thout the irregularities or bunpiness
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no means limited to a data storage apparatus, although an apparatus of this

20 kind would be particularly advantageous whether it is formed of stacked
memory devices or not. For the general layout and structure of such
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 WO098/58383 which has been

25 granted i.a. both as a US patent and EP patent and belongs to the present
applicant. This application discloses architectures for data processing
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.

30 Concerning the electrode materials for the electrode means EM as used in
various devices, such as memory devices, they could as mentioned be any
suitable conducting material, e.g. metals like titanium or aluminium which
commonly are used in electronic devices. The electrode materials may also
be inorganic materials, for instance conducting polymers, but must then be



material. Hence it will be inpossible to avoid an increasing bunpi ness of
the stacked device as nore devices are stacked. In addition one asAYa2006
avoi d problens 15 due to thermal and nmechani cal stresses introduced when
voltage is applied in order to wite and read data to the cells of the
functional mediumin each separate nenorysdevice. The application in the

el ectrode neans EM according to the invention is by no neans limted to a
data storage apparatus, although an apparatus of this 20 ki nd woul d be
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conpat i ss used form ng.the |nsulat|ngt in-filmlayer

or any procebtainghlg f%wr%ﬁ@vl%ée ﬁ@ﬂ%lidéf@ly tlu@?sefclilﬂn thgivadu¢ of Shdhe same
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in the range of 0,2 um or somewhat less, other technologies presently
established or under development would allow features in the nanoscale

20 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
layers L with a top surface of high planarity and wherein all component
parts, i.e. electrodes €,,6, as well as the insulating thin film 6 will be flush in

25 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
pair of electrode layers with the parallel stripe-like electrodes and
respectively oriented mutually at an angle and preferably perpendicularly so
30 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. Particularly attractive is the possibility of fabricating electrode
layers according to the invention in e.g. a reel-to reel process whereafter the
35 separate electrode layers will be obtained by cutting the continuous band of
electrodes to desired dimensions. Now a functional medium could be applied



of course applies to the application of the insulating thin filmwhich can
take place e.g. by oxidation, vapour deposition or spraying or SpMA¥ROH
down to al nost nonoatom c di mensions. The only requirenment is that it
shoul d 15 provide the necessary electrical insulation between the adjacent
electrodes E. and E. in the respective seg Ea, Eb of electrodes in the

el ectrode layer L. Also while fin conventional photom crolithographic
processes usually would be in the range of 0,2 p. mor somewhat |ess, other
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cutting the Eonti nuous ctro | mensi ons. Now a
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20 capamtor) 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
semi-continuous reel-to-reel operation, either with a carefully controlled
thickness or followed by a second planarization. Then separate electrode

25 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
means according to the invention can be formed and joined with the in situ
functional medium of each electrode means in interfacing relationship. This

30 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
according to the invention in a volumetric configuration.

The electrode means according to the invention with its highly planarized
35 electrode layers also allows a careful control of the electrode dimensions, i.e.
the cross-section areas of the electrodes which should be uniform with regard



10 organic materials such as polyners or copolyners used therefore to
provide e.g. a ferroelectric matrix-addressabl e device. The outl ynegly 2006
fabrication procedure shall, however, not be easily applicable to active
matri x- addr essabl e devi ces, but in view of recent devel opments these do now
appear as a particularly attractive propo9ti on for say, matrix-addressabl e
15 ferroelectric nmenory devices. Not only shall active matri x-addressabl e
ferroelectric menory devices be conplicated and have a hi gher power
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0,67. Alternatively the functional, medi.umalso coul applied in final
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the in situ avaomdingengl capagiitive sbuphogs ehdaclistudes afunaddressed sdmeryneells
relatioqﬁhipinIﬁéﬁuﬁg fabrication procedure could be repeated to fabricate
for instance a volunefric data storage device conprising a plurality of

el ectrode neans according to the invention stacked to any nunber desired
and thus realizing the apparatus according to the invention in a volunetric
configuration. The el ectrode neans according to the invention with its

hi ghly planarized 35 el ectrode |ayers also allows a careful control of the
el ectrode dinensions, i.e. the cross-section areas of the el ectrodes which
should be uniformw th regard 4 MAY 2006 27 to their current-conducting
capacity. This in its turn inplies that addressing to a functional el enent
in the functional nmedium of shall subject the elenents to the sane
potential differences for inducing or setting the elenent to a determ ned

i npedance (resistive or capacitive) state. Also when wite 5 and read
protocols with voltages that are fractions of a switching voltage of say, a
ferroelectric nenory material are used, a higher reliability is obtained,
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 ne#dIAY 2ed6l s
10 in the matrix. 4 MAY 2006 28 CLAIMS 1. An el ectrode neans (EM conpri sing
first and second thin-film electrode |layers (L1,L2) with electrodes (a) in
the formof parallel stripe-like 5 electrpgal conductors in each |ayer,
wherein the el ectrodes (s) of the second electrode |layer (L2) are oriented
crosswi se or substantially orthogonally to the electrodes (s) of the first
| ayer (L1), @exEVMB at | east one of the electrode layers (L1;L2) is
provided on an insulating surface of a substrate or backplane (7, 7'), and
wherein the electrode |layers (LI, L2) are provided in 10 parallel

spaced- apart planes contacting a globally prOV|ded | ayer (3). of _a

functional mbdi umAmheleeedasaernscizYld corinrrdagifirst and Sé‘é@%déhlntﬁbnt hin-film
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el ectrodes (sa ness ha ectr
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(a) of the fiheelectredes ka) onthe Breidayerdll)y wheseinaateltashenedi the blectrodei n
fil 6 f I I Sro d at
i1m(6) o er?k ?1522)01@ dhr)Svidkgfe’ hhr]ﬂsﬁ(;i?h‘ﬁg' s%'rf fa al@f z{u Qhﬁé;tg&% and a

| east extendi troJes (Ea ab)
and form ng hackpignegﬁ; A9, angWherei) t elceﬁr@d@é@@rs(mdﬂa)ommr@m qdin
magni t uge of

| wh,
won thif spopardl é@EaééWabaf@gﬂﬁiiﬁnﬁaﬁgh SO e IhRPOY6r T (0
(Ea) bei ng whwpgionaldnedizm thesebeivwram; ode Iayers (L1,L2) with el ectrodes (a)
and the 'nSUEH&ﬂaegeriiEJm tHameﬁéa ofﬁhé ‘ﬁ%lﬂeﬁlm\é‘?éé’tré&’é mﬁ@@ﬁh D) Ehptigyer s

in the electrode neans (EM ., An el ectrode nean accor di’n to claim

1, charact er Augt pet &Ex&toftsned &@mmhkwéeq&m@&(&h) @f wmi W addrthi eé?}la,of
h | |
the surface. s Oeefodepte. AThbIRSt sVUELT Lelng binudty BRAAA SRatpiast 1Y OF

accor di hy t odistanan d equahtaer greatedthan What the el ectrodes (e) of one of the

el oot rode 1 2HSkRofd Ipk B i FARTFATKEIRFoRY 6L Witk QibliPughlepce ¢ her eof

opposite the other e
thickness hy, provided in the spacings between the electrodes (€,) of the first

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

electrically insulating material with thickness 6 and at least extending along
20 the side edges of the parallel electrodes (g,, €,) and forming an insulating

wall (6a) of thickness 6 therebetween, the magnitude of 8 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 (L1,L2) with electrodes (g) 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 (g) of the at
least one of the electrode layers (L1;L2) 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 (€) of one of the electrode layers (L1;L2)
are exposed to the exterior in the surface thereof opposite the other electrode
layer (L2;L1).



layer (L2;L1). 4 MAY 2006 29 4. An el ectrode nmeans (EM accordi ngqhvrEbdism
1, characterized in that the surface of one of the electrode |layers (L1;L2)
opposite the other electrode layer (L2;L1) is covered by a backplane (7').

5. An el ectrode neans (EM according to cbgi m 1, 5 characterized in that the
sectional area of the electrodes (Ea, Eb) 0f both sets (Ea, Eb) is equal,
such that waha = Whb 6. An el ectrode neans (EM according to claiml,

characterizeq in t i r . tirodes (Ea) of the first
set (Ea) isqdi fféqrqgélltetc. rg%qﬁh%g@h@ﬁgegﬁgg ?g Z%ﬁféb) of the second set
(Eb), such tharagterizeshin thpt'thewsurfgcy of anecfctheraderiradahyersll 1detor ding to
claim1, cha } bt ti NG; ! odes
(En "Eb) of BB SRy Mot DASRRLS byl BAISIEHEETIZ))
according to_claiml1,,1 har act e{]é@d in_t.hat trfe. Cﬁnducti ng material of
the el ectrodds (Etr%n gleciiode oeans, ACCRIHINELo Gla lant from t he conducti ng
mat eri al 50f theraetatigditethat th@seotiondlaréa bfthes electimales (2,, ) oflbech sotie
nmeans (EM azﬁoréj ng to Iaigg, characterized in that the conducting
material of {He EW)dEeAdabsuchMabVaiag Voot 20 set (Ea) and the conducting
material of the electrodes (Eb) of the second set (Eb) have conductivities
of magni t ude$. aa, Aabeleetipdetmeats/(EM)accontingtthataian Igel ati on wa ha Qb W

hb 6a is obe i ng:.t : | i l\e Eb)
of the 25 ChapelR @it i IRESPAINA APERT Y efisyRRES EUFHE R Aree By, =)
any case. 10(Epnisalifferemtdronetrad of M ebextovddisr(g,  of tHeasenohd sehdEgitsachzed in
t hat thgoi ns?lléz%ti r]ﬁ %val | 8 (6a) between the electrodes (Ea) of the first set
(Ea) and”t he Fetato ebflEb) of the second set (Eb) forma portion (6a) of
the insulating thin film(6) provided in a _continuous |ayer covering 30 the
el ectrodes (Ea) ofAn electrodsimeeans (EM) ageardingdagdaimde a substrate (7,7') in

the spaci ngghhgicvassed 1etHa tHB con8ittidy MaYeB08S the electrodes (&, &) of both

sets (E,, Ep) 1s 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 (Ey) 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 (&) of the second set

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

relation

Wa ha _0Ob

Wy hy Oa

is obeyed, making the conductive capacity of each electrode (g,, €;,) of the
25 first and second electrode sets (E,, Ep) 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 (Ey) 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



30 that the electrodes (nb) of the second set (Eb) are provided in recesses
(8) between the wall portions (6a) of the insulating thin film ($§MAvnA066n
case also above a portion (6b) thereof covering the substrate, the top
surface of electrodes (sb) of the second set (Eb) being flush with the
surface of a 5 portion (6¢c) of the insulagpng thin film (6) covering the top
surface of the electrodes (na) of the first set (Ea), whereby the

el ectrodes (ca, nb) of both the first and the second sets (Ea; Eb) have the

(equal B)ei gh; $¥£&ﬁbmle?ﬂ§uéd1@gigﬁfh@b@§dr{do§m (S(Eg%/efespfdlvlidbi&)in\lné&éssef ¢g) r odes
na, nb) an e insul atin i il m L Or M . a anar layers in
the el ect rod@eﬁﬁﬁ‘ﬁ% eEma{ll Ig‘ir.“%ﬁ (gpg&f F%%Hgs}lﬂé%tﬁ%g %BE{E&Q?&P%%C@S Iaiﬁom 1,
char act er i zedbbwe talpdrtionh@bi) ntheteaficoyevinl| the (sGajtrhtet, weenop bt;rfabeot(f rE g;jefs (na)

f the first t d h | ect b f.th set orm
gort i gnsI zga,e?%g&ﬁ%)@@g otfﬁbﬁeseg?lﬁ‘ﬁ?%tg@fbgfb%?‘?%ﬁébi%ﬁhiﬁggﬂf@f’e&f&vi ded in a
|( Eygar COtSferj[ F}b@rﬁbﬂ (6t)Yef angasubdtindthihdilet ¢6) codsaing sled tay sutfecd of she set

a) up to

t op, surf.ace .t her eof in case also a substrate (7, 7') in
t he spaci ngs eﬁe&tr@&%%ﬁﬁeﬁmﬁrﬁrﬁ Sﬁﬁgﬁﬁhat the electrodes (sb) of the second
set (Eb) areviq¥bythle electrrRs{es 3 ofigsthertn filkeandaht sposid eets(BEHEHF the
I nsulating thin f{l man]ghi.n Eaﬁe_ al so,above portion (6b) thereof covering
the subst rat &ay9yhe gquakheighfssdiog 8¢ of t he second set 20 (Eb) being fl ush
with the toptgstiadedfedtiedé Nsera(Lnd Nakith dléarodss (5] £y )amd e inkohting f ace
of the ihectrﬁde%kélcai of It‘gge first sgat gEiP ﬁ/\/nelre t he el e@ﬁ&ﬁdes (sb) of
the secold sdflfy (RAadermgdohal plapan fpyers i theselegirpdemeans, ect rode
| ayer (L1,L2) with el ectrodes (ca, sb) and insulating material (6) forma
gl obal pl anarl 1l ayékn electioidekmeans (aM)racchedisgdotalade lpwhatactenyged psthat.  An

el ectrode ne - . | t ' r Ri [ t
I nsul ating mgﬁféﬂsﬁg%t}ﬁ%g&%&e@ﬁ%tg%%@%glgg é%?t(gar) heefqi]rrstétgg{sg?a)%‘ég) and
t he el ect r odébke €kt)radest(bg) ckthenstcoat seELE, )f form popoortsi (@a, 6b) oidhe tlsiml at i ng
thin film¢( Vi s OVEr Lk t . fier st
set (Ea) donht EreE RSN R SRUSOREed e FaFG LT B 5Bk 0% ok
second $8t athke 8lecprogles deg) ofthectmss set(E.9)upoiet thectopt suefavxl thepeofi amchm (6a) of
the insulati ' ' Y~anq :j . '
substrateo ( 705¢ HlsBasyba®GR7H ihiin 38R BoEkegy the sttt anBSRRERR | o
i nsul ati ng t lelectfddes (€6) of theesdcogd seh €Efogresprofvaded of redessed (R)tbeddesn(tha) of
the first se . r . > e flrst ' t he
hei ght ha = %ﬂqfﬁé{“%%ﬁé{ HE iRl STAE AWFh shdp o raé%i%}’é?%im?@%ﬁa
wi t h el ect rodéb) (heecoSb)vamig thesubstrdtai V)jghe electrodes (&) of the second set
20 (Ey) being flush with the top edge of the insulating walls (6a) as well as the

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

(ep) of the second set (Ey) have the height hy, = h, - 8, 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 (g,) of the second set (Ep) 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 (&) 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, - §, and that said at

35 least one electrode layer (L1,L2) with electrodes (&,, €,) and the insulating



4 MAY 2006 31 thin film(6) forma global planar |ayer of thickness hb in
the el ectrode neans. 13. A nethod for manufacturing an el ectrode §aLY 2006
(L1,L2) in electrode neans (EM conprising first and second thin-film

el ectrode layers (L1,L2) 5 with electrodes (a) in the formof parall el
stripe-like electrical conductors in eachiilayer, wherein the el ectrodes (s)
of the second electrode |layer (L2) oriented crosswise or substantially
orthogonally to the electrodes (e) of the first layer (L1), wherein at

| east one of thinefikh§6) fofif d glodas plduarlayer of thiclkadsday ianharelecisodat i ng
surface of a substrate or backplane (7, 7'), and 10 wherein the el ectrode

| ayers (L1, L?} ASe provided in parallel spaced-apart planes contacting a
gl obal I'y provided |ay e}r1 é‘S of a functional nedium therebetween,
L

characteri zed3by < oms orjapusifactuging an ale&trquﬂéyerb(Ll,é42e)dnrq1@<etrode
d
conducting mi’ﬁ%[rﬂsetlEMEPH‘S)ﬁﬂh i afﬁncﬁ‘ﬁ‘?&fhcﬁt}ﬁpbﬁﬁﬁ@l@ctng(?é Ia?fe?é QE” 2 I e

pl anar | ayer con orma first set

15 el ect Podesvith eteomrasten (ah imitlee fonne ofi pesaliel swipadike clnstideal equluctary in
recesses t h%ﬁ?ﬂ??%y}:ﬁe%%%’%t t%% Qc&@&engé)t ﬁf M cfyn%aga roEi@'IR}‘gér’@@O” ons

of the conduc mat eri a exposi n e su ace o
bet ween the ostentqberasswist ec'subsientlal‘lytom&dgomallystetthetdiectpad@ﬂ (edlof the

el ectrodes ofpfig b 1PY) SGherdiU? 1081 B HARELIAARSAC Iy rbPL fiishagce d bei ng
S e 5 g DHEL

equal to the wd recesses between said e ual to
or greater tﬂvmvmd droawiingplating tsunface|of osubsiteate pw&mbkplanﬁs(lﬂ at), agdmat eri al

coveringpat r{haee él'egfaroﬁg ﬁ’fer@fLl%]g?)eﬂeggfrtoW@&ﬁuPi)afﬁfelfs?EE Sphrt and

dep05|t|ng an rical con ecesse en t he
i nsul ati ng tmlanqm ¢antacting ar@obﬁléy@ir@@deédgmr ) me@m@mnaidagdmmt he first

set to form Et‘eff%ﬁgﬂgeé?tch%}acﬁkﬁ%% f'& (?e'i)o% t‘l‘%gtarblpgalalh@/e} lipckness hb,

such that an ctrode’l ayer is nar "l ayer in the
el ectrode negheetrieal cwdmtmgjnmémaldw lek@ﬁsmhh:pn @rsabatf@ter, PAHETIHRE

formng the 'sQﬁ}‘ngahhf‘ga}Fé?'d"f Jdddﬂcﬁ%g%@f&‘ial 'té)fSﬁnCé)Pi?it'éw of%ﬁd‘sttrgfeoflkESt

set of electrod and t’he exposed rface of substrate siting
the condict i §beqteadesiwithpgidth vecangthigk 6¢SSthuem§@@dbdsg%ted1 ?FP%TF]@Y@%%%‘%S

bet ween the ghQebeRyssh featél®id tﬂ&baﬁ&%ﬁ’%‘ﬁr@@%‘é%éﬂ@vi ﬁfdrﬁ%ﬂt'h'en film

and planarizing.,the el ectrode | ayer such t he u
ol ectrodes oftONAuCHRE wateral and ckpaSHEhersurfase ofs ea%qﬁsga%gﬁtw overing

the el ectrodasp@iikehdleétrb8és 6€the first set, the parallel electrodes of the first set

thus being spaced apart by the distance d being equal to the width of the

20 recesses 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

25 a width wy, 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.



4 MAY 2006 32 15. A nethod to claim 13, characterized by formng the
insulating thin filmas global |ayer covering the electrodes of §WAY 2ot
set and the exposed surface of the substrate, depositing the conducting
material for electrodes of the second set in the recesses 5 between the

el ectrodes of the first set and above thespnsulating thin film and

pl anari zing the el ectrode |ayer such that the insulating thin filmcovering
the electrodes of the first set is renoved to expose the top surface of
said el ectrqdes anehethed tdleddini 18, top surface of the el ectrodes of the of

bot h t t d the | | at i hi n.fil l flush.in. the
Cop surt ace Shataerrad By dermiti Henshladits in tum a8 elebaainc¥ina e 1,
(l; h?L aﬂ] eri lzeé%éb)trdddvsrt‘%fﬂ{gﬁtfﬁl?_t isasmhdi’:hd"laqu[inﬁﬂ durfaveast ﬂieomﬁf stﬂaa?/,e&%eﬁﬂmi/tmg ng
) e el ectrode e fi.rst set _an exposed sur.fagce o e
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irst set do Q. .substr and, ex sy , QS khin
the conduct | Rpnatigipas CRe R VRS tut dfe TN aHGE 1AL Bt o EARY "
recesses, andlquteodesidfithg fitsheerisaemaae foagrpossitbh topasurface dfgaidur f ace of
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(e et ok GlodulSRER g e S8R LR ELRirddlE UL L T
surface of theddbpedges®fithyensulating shirefiloalbhexofldsingn the tomiswface ofitee ei n

only onenof C e layers (L1,L2) is provided on a substrate,
charactzQize%nﬁ§ﬁ%§b%§?ﬂing a gl obal layer of functional nediumcovering the

one el ectrode | ayer provided opn a su &triée and contacting the el ectrodes 25
t hereof, and !Ohen /s Biathed agcertipgdoslaim ldde | ayer directly on the gl obal

! ?yer 0; aI f %ﬁﬁfdc@él?ie&'@ﬁ gUfﬁlhyg ﬁidlngisaktﬁigeﬁﬁg FHn A9 btﬁ?dyélloéc)\f@ﬁ yng an
el ectrode | ayer, an the, substrate. . od accqrdi 0. cl ai

characteri ze 051}/%& B&Fmoﬁﬁs é’fghﬁé-’crﬁfafeé @F@&&?‘&‘)&ﬁa SHB&gFiQfgt?‘Fﬁé‘@é‘lré@w ode
30 | a)éer for lffelfhoothg grﬁ: ﬁiﬁ@b@ting &Mﬁrlejlﬁag aatlileb@tttmn@f th*aeﬁﬂcugrses,l%avﬁngrbhwdl f
accordi to,claim1l aracterize S cting e gconduct.ing material o
the el eig r od € Gisul3fing @i’@cﬁﬁ'ﬂcfé’vﬁﬁlgﬁs%ﬁﬁg?‘gfoi?ss%&erfifsg Sﬁﬁ@@?&’a 0 as
nmaterial s ansobitrstetandsenxpaning thasuehcotheraof] depositingg thecondudtaig ng t hin
film by oxi dlrr%étggaf BB tBHEIRED AR of the second set in said recesses, and planarizing

the electrode layer such that 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 (L1,L2) 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.



35 either in at |east one oxidation process as appropriate. 4 MAY 2006 33
20. An apparatus conprising at | east one el ectrode neans (EM coaMA¥R0GH
first and second thin-filmelectrode layers (L1,L2) with electrodes (a) in
the formof parallel stripe-like electrical conductors in each |ayer,
wherein the el ectrodes (s) of the second gkectrode |ayer (L2) are 5 oriented
crosswi se or substantially orthogonally to the electrodes (s) of the first
llayer (L1), wherein at |east one of the electrode |ayers (LI;L2) is

\% ovi ded ﬁn alo i nMd apparansie drdpeisitg at &ubtsém@g&g@rodeaﬁk@h@(\EM)7 7d) and
erein the el ectrode er oVi in aced- apart
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]gel ecz r 0d§| | ?y&hte{&aaosbwlw Qﬂbﬁl@i@nﬁ?ﬂ% bg@ho@@ﬁﬁﬂ?&@hh@ e@édtaddesvm ro@tne a
unctional el enen can be activated by ng, a vo
crossing el efislolays %]?15) (Wherein at h"fﬁsﬁﬁnF tﬁgﬁg telg laé’leé%&gf ]-(23)1 Ssuch t hat
? pot ent i ?l Pﬁoﬁﬁear@i &l inAdanag shbfRck Aftaesubsedaes ebxbabhflam%(gl g9l aglate of a
uncti ona er npnent an or .a
swi tchi ng botsE ﬁmdﬁ(hsc%mﬁyrefis?a Y5 AL e dr DoV ot tpparalled SERcFrapEnige
aIOpl i cati 0)n mtdoalltwueg)arggsb@lmﬂpmwdbd layexe(@drcffsgsfmgcéﬁfm%au hﬂedlllﬁﬁt i onal
el ement (5 ite or rea et an erein t
Funct1 okl etasrelety asy iy R el RIeBrBisdy e foded T sobupey o the
]1: ulnlct i onal nmmtu@ialcrﬁa%ﬂnm :(m)iéeﬁﬁe@aerwpec?se @tvelrlapstbemweemfelédtﬁ)des (1)
ol I owi ng, abl e 0 r oceSSi n arat u
mermory cells ?ﬁh%\fd‘(ﬁ Q%#BF‘&E%&%@&%%’?‘C ‘?lefaﬁ"?@ (:5 fiﬁ’ %Pﬁa‘ﬁ?%tw
di spl ayi ng appardlay toprevileya hhwriackidressable afrayaitheetione fitsctiaell s or
pi xels 25 in L a trl
Char act or i o8I0 PRECrEHTEALY SR vBaENS (B SHFRE sloctyoges
provi dellS i n(h2)defimcng the élllwmmdealemymt (YLsichXhat alpaitential sl garteratgds (1; 2)
in the elec :
el ectrodes (Liut'%clg tﬂgﬂﬁex( %earﬁuletﬁ%isﬁﬁ?@gr%?wgggﬁgﬁ {(/Jino% r| caﬁﬁ}“&y an
} ns uIt at i ngf t bertefipomasly ¢6perhandritikokarged, ot hewitohng ldeWOén ﬂlsmerm@l@ t
raction o 0 a
process- consi)ngSl ggﬁté@ taﬁg%lfl {:aéz;ttastl? 1(21vgltgggnfa %vﬁbﬁgg%sgﬁlt\ﬂ’fﬂf Fgﬁggﬁ)r og
functional eteapraddréB)ng of the fendtoorsl Mﬁut’r(fr)eﬁoatwmﬁ ohecast opérationsse t o
uni ty agg the, IS dherein the functional elements (5) 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
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 (L1,L2), that the electrodes (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 d 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 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>.



functional elements (5) approaches a maxi num defined by the total area A of
35 the functional nedium (3) sandw ched between the el ectrode | aygngatbkbis
L2), and said feature size f, said maxi mumthus being defined by A/

MAY 2006 34 21. An apparatus according to claim 20, characterized in that

t he apparatus conprises a plurality of elegtrode neans (EML...EM') provided
in stacked arrangenent, each of which containing and contacting a
respective global layer (31...3") whereby the apparatus is 5 realized in a

vol unetric confi gmﬁap atu&acmda@ﬁf@h% Hxcordi ng to cl a| m 21,
characterized,in ;hat he el eﬁtrodes in a second ﬁ_er of an

od
el ectrode nEBRacteAsd Hhihatd CPHBalfanﬁ%F?’B‘HéﬁseFrécR ty) fie ¢lectiade Meansi ng
el ectrode m(eBNﬁ (EMY prodidedcinl stackdlsrrhogement, @athroftwhlchcéomdmingyad (L)

th f, 10 t k .of | t | d
weneals e CBRlhe Y TeDEr e alafaEhels . ) UonrEl ohs Eobats il 20128

means ac§or dir¢glided i@l avolumeti@configarations according to claim 20, in order
to performa passive nmatrix addressing to the functional elenents

constitutingybhe M%@a@%mgﬁgéﬁqulthe 15 apparatus. 24. The use

of the el ectrode means. according t&d claim1 i'n the apparatus according to
clai m 20, whehatagtesazad mythatitbeglecdradesnin a secopdrdectadailayeraaf an elgstrogae

active switchjdy 91] ((E'N?@E tact theOfufifioh8l Hﬁ'&ﬁ% 3?%5%1?1& '%Ho%ﬁ%'&ectﬁi@ essing
to the functiona nts constituting the dr essab 20 array of
t he appar at utneans (EMy.,) directly, thus forming a ﬁrst electrode layer (L) thereof,

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 20, 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 20, 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.



