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two stacked | ayers provided in a stack, wherein the stack either forns a
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and wherein the stack conprises at |east one structure staggered in at

| east one direction, such that steps in the sta red structure are forned
by exposed Yerticahslaftridad intgrnommecipps ?ﬁtggg stack and with a step

hei ght h corresponding to the thickness of the respective layers. ]t also
concer s a_ gt g inf BRtioARIIrRRr aanaRTIy el GRIZIRICESHPU S8 16

devi ce which conprises at |east two |ayer,s .proyvj ' erein
the stack eildwing dtdenst BvestackedpsyrES B adrdird éﬁgg’ gﬁ%?ﬁ{atﬂf}%gﬁa\gﬂi s

provi ded on a RT | artbbmiretaciteoativebess providgstonae
structure st%{b%&b% g Sel@g&%ﬁg ectrpg '

ered’in one lon, such that ,st i t.a0 i
structufe arsmbsiratedand végreseihe B@ng GHEPHECE ﬁil%"égg’i’gt %é;t?é?ss |% trﬁg "
stack and wi tta a lsgﬁ/g £l {tn, RuchRheostepsdantiengat gerteld stkuesyze @fretfﬁ_@ned by
respective % a3 érn el éctronic_njcr ocugﬁl tf it‘reg G vRkral dey l?ié‘iéﬁth
| ayer by | ayerpasedsportians of Higpsenasale LByeradn §ic Slafkedl %gs WhBr € .
i nsul ati ng | ayer &, SeRALAe HeAKSE I esg Ul thiefesgeativallayers. PRATFETBH
sem conduct i(hd'rrmlf erl g] S ?[hat are patterned a r {
deposi tion andtleed ﬁbné@b@@ﬁh?@@é@. SF TH %‘b‘_?IQF r‘ﬁﬁ?ﬁég%%?gﬁ ﬁé\’gﬁmat ures
ocaredbl AU BEHE S 1EE (RS M e s e o e

. . . e
connect i ons, farermedelf-sepportng %P%Té]lrFfriﬂtetrﬂgt&F!)i m Blf%jﬁet aﬁ‘feé', spost s or
wires that pgnetnaie:t movahkorfnpriseore]dayens dfuctune SHASSHAG IFHTE i al

separating the conponents to be connected. [ &l bekpoged
during the |diyeetipni Fachind GeRS N eE{?%ge %%l{}#\s{%r e tﬁ{rglugh %I 1rjeady

existing | ayﬁéﬁ&ys 6f @3¢ kegarchatnels it thestick aed veijle BssteByAZHt N ot chi ng) |
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circui i i in layers .
components and sub-circuits which are located in the substrate and in laye:

on top of the substrate. These connections, termed vias, are typically in the

form of metallic posts or wires that penet_rate‘ through one or more layers of

. intervening material separating the components to be connected. Such vias

25 are either made during the layer-building process or they are inserted through
already existing layers by creating channels through the layers (by e.g.
etching), followed By filling metal plugs into the channels.

0 masking steps, and the

Silicon chips according to'prior art may involve 20-3 _
. intra-layer leads that

number of separate layers containing patterned metal ¢

30 connect directly or indirectly to a via is typically 3-5. Each via requires 2
certain amount of real estate associated with it in each layer that is traversed,
or connected. In addition to the metal Cross section of the via itself, there
mﬁst be allocated a buffer zone around it which insulates the via from.

adjacent circuitry that shall not be in immediate contact with the via, and



- 3 SEP 2004 2 all owance nust be nmade for the finite precision wth which
the patterning in each |layer can be nmade as well as registration ac

of patterning nasks. in the paper "A review of 3-D Packagi ng Technorwmy
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proved in adﬂﬂﬂaﬁl?ns frpfhedﬁgja@ﬁs, 1aPeris| dre @OnSEYEE O ebachsitalogdee GEOMBHIONS e

- above, \gner eths s:ge O%HB laycrs f‘r}/ﬁrorweglan patent application No. 19995975 the
' connection between the layers may additionally also be formed by vias which in
principle will be fabricated as conducting structures in the same material which
is included in the thin film and hence form an integral part thereof, and there is
further shown a concept called "staggered vias” wherein the separate layers in a
25 stack of this kind are provided mutually staggered and the layers in the stack
" connected mutually electrically or to an underlying substrate by the use of
" so-called staggered vias over the staggered portion. Neither in Norwegian patent
308 149 nor in Norwegian patent application No. 19995975 there are given any
directions how the disclosed edge connections can be realized in a physical and

30 practical embodiment.

-The above referred prior art has generally proved in adequate for devices
built on silicon substrates as mentioned above, where the number of Jayers
and vias is low to moderate, and where ultra-hlgh precision hthography is an
integral part of the chip-making process. However, vias represent a

35 considerable complicating feature in the overall manufactunng process, with
consequences for yield and costs. Furthermore, it is expected that entirely
new types of device architectures and manufacturing methods for electronic




and vias is lowto noderate, and where ultra-higb precision |lithography is
an integral part of the chip-nmaking process. However, vias represemé%E§§ﬂn4
consi derabl e conplicating feature in the overall nmanufacturing process,

wi th consequences for yield and costs. Furgghernore, it is expected that
entirely new types of device architectures and manufacturing nethods foT
electronic - 3 SEP 2004 3 data processing and storage devices shall energe

in the next few vears. ' ARy RRAIRIf B 8E 98 tROMRE S M yé&gEBNt S.
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substrates. |stacks sootmning very dagq nnmbeys oF layersedh imopnY 2HABLeYtBS S hal |
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processing devices I'ncorporate a stack”contarning two or nhore sheet-
or filmlikedstwiseonal parts that partially or conpletely overlap each
other. It is also an object of the present invention to provide such

met hods and 11%s keghnicatjesoblithopsedenatinvantibe tombeits ethbds aaddschhisab

the nunper of _suych sheet-= or filmlike functional, part o I .
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each | ayer ard eposited on the surface of the layers, the electrical

" It is ‘a further object of the present invention to provide such methods and
technical solutions that can be implemented in cases where such sheet- or
20  film-like functional parts are manufactured and devices assembled by high-
volume, low-cost technologies.

The above-mentioned objects and further features and advantages are
- realized according to the present invention with a device which is
characterized in that one or more contact pads are provided on each step in
25 the staggered structure in electrical connection with memory and/or-

- processing circuits in the respective layer, and that one or more electrical
edge connections are provided on and over the step in each layer in the form
of electrical conducting structures on the step and over the edge between the
steps in each layer and deposited on the surface of the layers, the electrical

30 edge connections contacting one or more contact pads in the layers and
providing electrical connection between each layer and also between the
layers and contact pads provided on an optional substrate.

In the device according to the invention it is considered advantageous that
two or more contact pads (4) in one or more layers (L) are mutually




30 edge connections contacting one or nore contact pads in the |ayers and
providing electrical connection between each | ayer and al so betmeen_3g§€ i
| ayers and contact pads provided on" an optional substrate. . In the i@%
according to the invention it is considereg advant ageous that two or nore
contact pads (4) in one or nore layers (L) 'are nutually - 3 SEP 2004 4
connected by electrical conducting structures provided on the step in the
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20" In another advantageous embodiment of the device according to the
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like structure, such that the area of
om the substrate, and that overlying
est against the

invention, wherein t
least a part of an inverted step pyramid-
each layer increases with the distance fr
ied over the edges of underlying layers and to I :
‘95 substrate, overlying 1aycré being for_méd with one .or more staggered portlzns,
whereby the number of steps in the staggered portion of a layer corresponas

f layers located therebeneath, and preferably are then one or
yers are resting

- layers are carr

to the number 0
more contact pads provided in the substrate where the la

against the substrate.
30 Pinally there is in the device according to the ipvention regarded as

advantageous that the side edge of each layer between the steps 1s rounded or
b : . .'. .

forms an-inclined surface.

and advantages are also -
which is characterized by

The above-mentioned objects and further features
realized according to the invention with a method




30 Finally there is in the device according to the invention regardgiéﬁi
advant ageous that the side edge of each | ayer between the steps is r 4
or fornms an-inclined surface. The above-nenti oned objects and further
features and. advant ages are al so realized5according to the invention with
a method which is characterized by - 3 SEP"2M 5 addi ng each layer in the
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| ayers zgref Pred w one”or nore staggered portions, the nunber of steps

in each staggeddbesobsirate.in a | ayer corresponding, to the nunber of
| ayers | ocated therebeneath. .20 In the last-nentioned case one or nmpre -
cont act padslkge picthetdavcyrpmevicdte inventled ¥abIEE2 ¢ V%’H&gr’% rs
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connecti ons kfepappancdssTSHee @idepoBHE SIRE 18Y X Rz T
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20 In the last-mentioned case one or more contact pads are preferably provided
in the substrate where the layers rest against the substrate.

Finally there is in the method according to the present invention regarded as

advantageous forming the electrical edge connections in 2 ?roc'fess s:_sle_cted

among one of the ‘following, viz. lithography, dry etching, 1pk ;3 e.:t prmt.m gT
25 silk printing, soft lithography, electrolysis, electrostatic deposition or 1 situ

conversion.

In the folloﬁing the invention will be deseribed in greater detai] with a
discussion of exemplary embodiments and with reference to the

accompanying drawing figures, of which

30 f'lg. 1a shows a side view. of a first generic device according of the present

" invention, _ o
fig. 1b a plan view of a first embodiment of the device in fig. la.
fig. 1c a plan view of a second embodiment of the device in fig. la,

g.

fig. 2 a plan view of a third embodiment of the device in fig. 1a,
g.




0 30 fig. | a shows a side view of a first generic device according of the
present invention, fig, Ib a plan view of a first enbodi mnent of the device
infig. la. fig. | ¢ a plan view of a second enbodi nent of the devi_cagw‘
fig. la, 1 a, fig. 2 plan view of a third gnbodi nrent of the device ' p
atD 6 -3SEP2004 fig. 3 a plan view of a fourth enbodi nent of the device in
fig. | a, fig. 4a-c anal og enbodi ments of the device in fig. | a without

use of substrate, fig. .4d a.side_yiew of..a_ ' : iments in

ro. “4a, “but e the Bagoderbe piyosh GuposiPshr Rt sSVitdmEE R o kn ¢ s
first exanpl q@f44 ghirixu8piemnbsodiepsnts af theadaviog im fipvixzwitfouthsekehd  shown
infig. I a fig. 6a-d a second exanple of fabrication steps for formng a
devi ce of th&ubkitAE:shown in fig. | a, '10 fig. 7 a side view of a second

generic devi gg; afFariogiéw dhevarienenf theeetiodimentsiin.figadm bt wildnpl e of
fabrication steps .for form nﬁ arfdevi ce.of. .the kind showm inf g.. 7, fi g.
9a georel ri c POSHYIiEY 9ha6EesANBHECHR YU ARy of el ectri cal edge connectjon
15 on to the sievice'd firft @arhphs of Fabridtigeetetsrior foelrangandévigs ¢fthenleind
patterning. o | ectrical, edge” connections on the device in fig. 7, fig. 10

schemat i cal | yhowa® Fhﬂgutla@f the electrodes in a passive nmatrix-addressable

devi ce accor (ﬁr%‘.%at-ﬁ PEEIndekample oZFabiigatidnIstepsfexfrmpliag oflevidsr 0EHS on
steps for formng, a stacked . matri X- addressabl e nenory devi ce based on the

devi ce accor diihg SheWmi 1&el§ent i nvention. Before a closer description and
~di scussj@n offj£xpHR&e vidwerbodecmnd genérictdesiceaccerdngdodba@restithe
present i.nvention.are given, "a short exposition of 25 the general
background ofRY#H&IPBwention will be presented. As thin-filmbased actiye
circuitry engigydag dmexaaplesf fabrigatien steps for forming a device of the kind

shown In ﬁg'._'?, N . -

fig. 9a geometric relationships in the patterning of electrical edge connection
15 on to the device in fig. 1a,

fig. 9b geometric relationships in the patterning of electrical edge

connections on the device in fig. 7, |
fig. 10 schematically the layout of the electrodes in a passive
matrix-addressable device according to prior art, and
20 fig. 11a-m examples of fabrication steps for forming a stacked
matrix-addressable memory device based on the device according to the

present invention.

Before a closer description and discussion of examples of embodiments of
the device accor'ding to the present invention are given, a short exposition of
25 the general baCkground of the invention will be presented.’

As thin-film based active circuitry employing inorganics, oligomers or
polymers enters the rriainstream of commercial electronics, it is expected that
stacked devices with “smart” layers, i.e. layers that possess individual
processing cap'abilitie's, shall become ubiquitous. In addition to enhancing the

30 possibilities inherent in the stacking concept, this implies that bus-type edge
connections may carry messages that are distributed globally across the stack
and picked up selectively by those layers they are intended for. On the other
hand, the interconnect concepts of the present invention may involve stacks
that contain sheets or layers without decoding circuitry, in which case

35 dedicated edge connections to those sheets may have to'be provided. An
extreme case of the latter is where all layers are “du_mb"’ and where each




polyners enters the mainstream of commercial electronics, it is expected
that stacked devices with "smart" |ayers, i.e. layers that possess. 7 SEp 7004
i ndi vidual processing capabilities, shall beconme ubiquitous. In addlplon
to enhancing the 30 possibilities inherent in the stacking concept, this

I nplies that bus-type edge connections may/ carry nmessages that are
distributed globally across the stack and picked up selectively by those

| ayers they are intended for. On the other hand, the interconnect concepts
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person skilled in the art. Now a nore specific description ,of&%eneri ¢ cent
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thereof as well as a exposjtion o f ' ' ' ' it of
e A R
such that . t hpggicanoRetemeth proferred| dmbodimentsoel thenmethpd taﬁ%oﬂjg?gég '

~according to the inventiqn. Specif] Yerfaled - sbasoPr&dlfdnyi ew of -a
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be denoted aspmoHigientyiodithd detvieccaceading 0 dbePRYERICRt acked functi onal

units which are provided on separate, but 15 nutually adjacent sheet-like

or filmlikeglaysSay ?iéé.Q%dsEmv@a%ﬁ'@@bﬁ@beafa firstgensrioneviee 2opOIsiRg dee
of a given |ayer are el € a1 3d 8fructure

] trically gaonnected, w : )
exposed edgeths i;aVQlﬂlQIhem’eﬁy%Werf/%g‘FW@cscia@edb?/id%a/olteﬁ&)?%._a%?ﬁ ?)?ﬁer e are shown
four such | a}’tef,émg}iéeé sMhiledy Ragridial vhdtstwhicts aee RrovideAson SEHRAHRSPYthe -
side viewthe layers Lj-L4 an thg ri Sj: 888 9resl sdBsghtaict ure
and aboie t himtyally %@PP?E%&%Q@‘%S&E&Z@ ?1%2 %9{3%9 grr%j ded and exhem%ﬁ
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apparent shown in the side view the layers L;-L4 on the right side form a staggered

20 structure and above this an electrical edge qonnection 31s provlldcd and
extends from the top surface of the layer L, and dQWD to a contact pad 5 on
the substrate 2. The electrical edge connection 3 contacts and is connected
with electrical conductors provided on the top surface of each layer L and

" indicated by a thicker, not specifically denoted line, such this is apparent

25 from fig. la.

Fig. 1b shows a first embodiment of the device in fig. 12 and it will here lbe
seen that the layers L,-Lq in the stack 1 is staggered in one direction, namely
towards the righf. On each of the layers L;-L, there are then provided contact .

pads 4, one of which 1s emphasized in the figure, and an electrical edge
e contact pads 4 and

30 | connection 3 is now provided such that it contacts th
then connects the layers L;-L4 electrically to contact pads 5 on the substrgte
2. The contact pads in the Jayers Lj-Lj are provided in an exposed portion
thereof which form the steps in the staggered structure. In fi
the top layer shown a rectan gular hatched area which represent a circui't area.

.35 Without this being shown in detail, the circuit area can consist of physically

g. 1b there isin




25 fromfig. | a. Fig. 1b shows a first enbodi nent of the device in fig. la
and it will here be seen that the layers L1-L4 in the stack | is staffeh 2004
in one direction, nanely towards the right. On each of the layers L)-L4

there are then provided contact pads 4, one80f whi ch is enphasi zed in the
figure, and an electrical edge 30 connection°3 is now provided such that it

contacts the contact pads 4 and then connects the layers L,-L4

electrically to contact pads 5 oa t he sgbstrate. 2. The cont act gads in the
| ayers L']-=L3CAAEALECOVRRRRENH 28[ RSETES PIrtTB COMRTEBE 1AEHO% BY3FFt he
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both in fig. Ib and the additional figures theis hatched area in the top
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the two edge gonnectlons . can e contact pads 4 in_al %uc ayers

and addi ti onatd Whﬂ%’ﬂécﬂﬂ%’&cﬂ%@lﬁos RstwepRdhe (7S $48% CORREEHRIS AR
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shows a four

the edges to {}Ifeg‘gkgﬁ‘lé?t&t &s E@?EE%E CPnEﬁc‘}‘ﬂnf ﬁégg’f%‘é%‘ea lﬁreeacll?e?t{qcoﬁylaéaa ég%:r

t he st epsareadpedtibRks may of fer advant ages when the edge connection which
here is denoted 6, shall be carried over the steps forned by all |ayers.

and 20 down tpléﬂ) sEURRL ﬁft?rtl?erdﬁoélﬁférﬁtcﬁnh'eaidi@&ew (H Qil!itais wilbe
rounded, the odinment 1 n

g gIEiu; hﬁ ris pt ur e
the el ectri cafeeddghe e@&ﬁﬁé‘étthﬁ eP'W?éF\ Xerls ¢ A7 &he © SQYRe eitﬁ:h
as is the casge dte *'Eﬁ“ea%ﬁﬂqiﬁhs"fﬁfﬂysoﬂhr tdgantakea-whed ﬁ&f edgc Iclonatlcwagm vekich

certain dange for Eé’lﬁr éyéﬁrﬂqshggledﬂ'over ﬁmdcgs?tegg% r%%ﬁeor}' Iiﬁrlg?grsaﬁl@

deposited t h|
.20 down to the substrate 2. If the step is not perpendicular, but rounded, the

embodiment in fig. 2 shall reduce the risk for a rupture in the electrical edge
connection. When it is carried over a sharp edge, such as is the case in the ’
" embodiments in figs. 1a-c, there will always be a certain danger for a rupture
arising in an edge connection formed as a deposited thin conducting layer. In
25 a variant of the embodiment in fig. 2 the steps need not be rounded, but can
" be formed with a gradual slope between the separate steps.

Fig. 3 shows a fourth embodiment of the device in fig. 1a and wholly in
analogy with the embodiment in fig. 1c. Also here the stack 1 comprises four
layers L,-L4 provided on a substrate 2 which correspondingly to the

30 embodiment in fi g. lc are provided with two contact pads 5. However, only
one of the edge connections 3 is provided as a continuous connection from
the uppermost layer L4 and to the contact pad 5 on the substrate and
simultaneously contacting all contact pads 4 on the exposed portions, i.e. the
steps in the layers L;-L, as shown. There are also provaded several contact

35 pads 4 on each of the steps in the layers as shown at the lower right in the




25 a variant of the enbodinment in fig. 2 the steps need not be roun&egl but
can be forned with a gradual slope between the separate steps.. FiI'g8 E3°2|]U4
shows a fourth enbodi nent of the device in fig. 1 a and wholly in anal ogy
with the enbodinment in fig. 1 c. Also here the stack 1 conprises four
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forms a contifuous SARNEEHEJOr beswesthaldydrajerls: 89 GREE CPINE Egnva th
20 connecied with the contact pads 4. Fig. 4b shows a self-supporting devmg
"embodied as either a regular step pyramid or alternatively as a polygonal step
pﬁémid. At right the edge connection 3 via the contact pads 4 on the lay_/;rs |
L;-L4 Iforms a continuous connection between all laycr.s fr.om Ll‘to Lswi
the use of several current paths as well as patching as indicated in fig. 4b at

25 - the left where it will be seen that contact pads 4 only are provided on the_
n this manner it is easy to form an electrical
‘ need

exposed portions of L, and L3. In't ' :
nection between two or more of the layers in the stack 1 and these

con
hows the stack 1 as a step

not be adjacent. Correspondingly fig. 4¢ again s
pyramid strucfure, but with edge connection 3 1n at least two stagger
30 directions. In fig. 4 the edge connection here is provided diametrically

opposite on each side and contact pads 4 are provided on each step of the

structure as here shown with 6 layers Li-Le-

n can in addition

The ﬁi’st gcn'eric device according to the inventio
particularly be realized with

35 is sh

the possibility for two-sided contacting, as this

own in fig. 4d. In order to form separated step areas which expose both




t he use of*several current paths as well as patching as indicated in fig.
4b at. 25 the left where it will be seen that contact pads 4 only are. 3 SEP 2004
provi ded on the exposed portions of L2 and L3. In this manner it is easy
to forman electrical connection between two or nore of the layers in the
stack | and these need not be adjacent. CbPrespondingly fig. 4c again
shows the stack | as a step pyramd structure, but with edge connection 3
in at |l east two stagger 30 directions. In fig. 4 the edge conpnection h 1€

i s provided diiafiesicfadacit ofampdéwéamséachs,sﬁh@éemcgo ricvepdndy ﬁag?i c
provi ded .on each step. of th 5 ] o bottbshEyesssof 1- L6.
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. e. e exposed port.i f the
| ayers are coppasitermyfas oheah kﬁé@iloi%e)tﬁﬂ‘i) tSﬁ'Eq E’@OHE Qlfﬁégs%t%g’% form an
inverted step str Eﬁéﬁ%% Argj {]—fé 2541120t bads BeareBE sasRO0dIbagh podes ohtheoflevige
é ‘adm

opposite si d&OLRE access'to the opposite surface of each |ayer
L. - Beyond t hat,shoven imfi@ut4Cof the edge connections 3 and the contact pads
4 are the sane on both sides of the device as shown in fig. .4d. 10 4
Genfa(rj albi(yf t h@%@é}gngr%ﬁw@emﬂ:cﬁmm HeiretiroeinbedimesosO WA 1pi 4gs- ird4
cou e fornmed.iin eac epar at e ' i £dgecarreasspecifically-
-speci fi cal |'$oul4 be @5?&6 c ?%Pp%éﬁget%éegggggéé%%bei% f or % i a(pfy
exposed port ifon cohtasguipbsgseithe wdgaare: ek %ﬁ!il@l““f1 pRas %SP&&S@SPO%IL&E ons
bei ng formed by, i i Zi cseagaationsHeingtiormedi iy
st aggeri ng iﬁaéhelaggll irrrtg){rl{e&gsfgt:%iqré%??gen%,sc)gjs nment.i.oned atlg%goe.n OHQ rShERS
will, of courselizing thepsael Waggﬁ@dcﬁﬁ‘t‘%&‘f%@pésﬁﬁggl TheT al%lg each
~layer Lyin the stack it sekfn&RBbabeoThe stapsmeill asf eowmndechposed pHeen
subl aye}s whi¢h may ¢onprise, el ectrical conductors, active circuits and
functional’ nﬂhércioallt%‘itsé?@m%ory materials for data storage purposes.- 20

e each | ayeL 0L a2 S S0 SPGB Sy EL A e
functional purnoses: 18 @ wilcBr ey donpicit enenceostt antdudors dotiondutadify
and functional materials, e.g. memory materials for data storage purposes.
20 ‘When each layer is built as a sandwich of such sublayers, preferably in
thin-film technology, separate sublayers can be realized with spgciﬁc
functional purposes, €. g in order to achieve contacting and conducting |
functions or they may comprise active circuits, e.g. formed in thin-film
technology or wholly coﬁsisting of functional materials, €.g. memory
25 materials for data storage purposes. Without entering into details, it will be
evident for perso'ns skilled in the art that each separate layer can be
fabricated on a supporting film before it is mounted in the stack or 1
formed by a deposition process or a series of such on a surface of the sta.ck.
itself. In each case must each sublayer then have a thickness, the Jower limit
.30 - of which will be given by the carrying capacity of the supporting layer in
relation to the forces it is exposed to during the prefabrication and stack
addition processes. By using additive processes.the thickness of single layers

can be made much smaller, as the sublayers basically could be deposited as

t can be

monolayers.




functions or they may corrprise active circuits, e.g. formed in thin-film
technol ogy or wholly consisting of functional materials, e,g. nmenory -25SEP 2004
materials for data storage purposes. Wthout entering into details, it wll
be evident for persons skilled in the art that each separate Iayer can be
fabricated on a supporting filmbefore it ikl mounted in the stack or it can
be forned by a deposition process or a series of such on a surface of the
stack itself. In each case nust each subl ayer then have a thickness, the
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the devi ce adeemdiangoiver stippiyNael benline 28 Spacbtiepmployelli g. 5a shows the
substrate 2 before the deposition of the layers L which formthe stack |

Itself.” A ci rmgé tsaare%ﬁ a' rs@resmrgﬁg o'f'TanlcQﬂo%J p@ﬁge@éﬁn%gamecan in
itself forma Tircuit and IS CIf area Is
connections in thc stack which forms the dBV]CC accordlng to the invention.
20 Specifically fig. 5a shows the substrate 2 before the deposition of the layers
'L which form the stack 1 itself. A circuit area Cs is pfovided in or on the
substrate 2 and can in itself form a circuit and this circuit area is further
connected with contact pads 5 of the substrate. In the next fabrication step
shown in fig. 5b an isolation layer Iy, is provided and the denomination
25 thereof shows that it is connected with the first layer L, in the stack. For the
isolation layer I;) now a circuit Cy; is provided for the layer Ly and
connected with contact pads 4 provided on the isolation layer Iy ;. Fig. 5¢
renders the same fabrication step for the layer L,, here with an isolation
layer I; 5 which is provided and laid out such that the resulting layers L) and
30 L, now shall form a staggered structure. Also on the isolation layer I, ; there
is provided a circuit area C;, and contact pads 4 connected with this circuit
area. Fig. 5d then shows the deposition of a third isolation layer I 3 for the
third layer L3 in the stack and with'a correspondmg circuit area C, 5 and
contact pads 4 connected therewith. The example shown in figs. 5a-3d
35 ilJustrate how layers L,-L3 are formed consisting of respective isolation
Jayers I ;-I; 3 and circuit areas Cp-Cps connected with respective contact pads




.connected with contact pads 5 of. the substrate. In the next fabrication :
step shown in fig. 5b an isolation layer 1L) is provided and the - 3SEP 2004
denom nation 25 thereof shows that it is connected with the first layer L1
in the stack. For the isolation |layer IL] nowa circuit CL] is provided

for the layer L] and connected with contd@ pads 4 provided on the
isolation layer IL3. Fig. 5¢c renders the sane fabrication step for the

| ayer L2, here with an isolation |layer IL2 which is provided and |ajd_out

such that t Qf g Lﬂr{;ﬂ f}gbhﬁlxﬁb_ﬁ dedp 2BEiBR0LER cnowens ipalths bocondustiag ety
S on
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20 third layer L3 with isolation layer Ips, circuit area Cy3 and furthcr' edge

| connections 3 with contact pads 4. This results in that the embodiment as

shown in fig. 6d realizes a contiguous, but stepwise deposited edge _.
connection 3 from the uppermost layer in the stack and over contact pads 4m

the interlaying layers and down to the contact pads 5 in the substrate. This

25 . also implies that the deposition and contacting operation for each edge
connection 3 in jtself is handled stepwise and repeatedly and hence .any'
desired height of the stack can be negotiated. The field of depth Wh](‘:h 1s
obtained with deposition processes based on photolithographic techfnquc
hence only needs to be adapted to an actual step height and in principle the

30 height of the separate step can then precisely correspond to the actual and
limited depth of field which is obtained with high resolution

photolithography for fabrication of edge connections 3.

In fie. 7 there is shown another generic device according to the present
invention. This one is also embodied as a kind of step pyramid, but turned
35 upside down and could hence be called an inverted step pyramid. Similar to




connections 3 with contact pads 4. This results in that the enbodi nent as
shown in fig. 6d realizes a contiguous, but stepw se deposited edge
connection 3 fromthe uppernost |ayer in the stack and over contact ‘&aﬁfso 1§04
in the interlaying |layers and down to the gg)ntact pads 5 in the substrate.
This 25 also inplies that the deposition and contacting operation for each
edge connection 3 in itself is handled stepwi se and repeatedly and hence
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| ayers have direct 15 electrical connection to e.gqg. iyer and control
circuits proWWewdn sxample shpEiheagiyen o hew fﬂﬁi‘f%d%éﬁ”dﬁ’é\ﬁcé%@% fn gpyerted
substrate is skos podaBid 8s ShbiweOih £81 7. canNowfalriexmiple fia8d alsabgiraen o8
how a stack 1 which forns_an inverted. ste ram d as .shown. Ig.. 7 can
be -fabri cat edhoMR WiEp captact %aég* 4t girét 1S§’rfa£élilug@%e-rvﬁﬂ ik 863*’16\%{& %)‘é%sa 5. A
first izml atisabstraped sukh this iy showhedn dier8inand provided as herein shown with
two electrodes E; ; which via the edge connections 3 are connected with
contact pads 5 on the substrate 2 such as rendered in fig. &c. It is to be
understood that there on the isolating layers I; can be formed circuit areas and
not in detail shown functional units which via the electrodes E“. are
25 contacted to an underlying layer. Fig. 8d now shows how the next layer is
formed by providing an isolation layer Iy, over the first isolating layer I, ),
but extending beyond the latter and forming a step over the edge and down to
the substrate where a portiron of the layer I; ; at least extends all the way to
contact pads 5 on the substrate. Again electrodes E;, as shown in fig. 8 are
- 30 provided fo'r. connecting circuit areas and functional units in the second layer
| with the substrate via contact over an edge'connection 3 and down to the
contact pads 5 in the substrate. Fig. 8f shows how the process is repeated
with deposition of yet another isolating layer Iy 3 which masks the electrodes
Ey» and as shown in fig. 8g is provided with an electrode set E; ; which
35 contacts the contact pads 5 on the substrate 2. Hence a stack as shown in figs.
8a-g is obtained with three stacked layers, but which in contrast to the device
in fig. 1a is provided as an inverted step pyramid, i.e. the area of each layer




20 substrate 2 such this is showm in fig. Sb and provided as herein shown
"with two electrodes ELI which via the edge connections 3 are conngc\ﬁ 004
with contact pads 5 on the substrate 2 such as rendered in fig. 8c. [
to be wunderstood that there on the isol atlng | ayers |1 can be forned
circuit areas and not in detail shown funcifonal units which via the

el ectrodes ELI are 25 contacted to an underlying layer. Fig. 8d now shows
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_ neccssary that all Iayers in the stack has the same step height, cf. that in fig.
9a the layer L, has a much smaller height than the other layers. The required -
dcpth of field as shown by the distance between the parallel stitched sloping
lines to the right extends over the whole height of the stack. Optimally the

25 ray direction can be orthogonal to the slope line of the steps. A
corresponding situation such it will be for the device shown in fig. 7 is
shown in fig. 9b and it will again be seen that the necessary depth of field
will be less or equal to h, where h is the height of one of the steps L;-Ly in
stack, which here is located on a substrate provided with contact pads 5.

30 Again the edge connections can be patterned from top to bottom in one single

| photolitographic operation, e.g. by letting the ray direction be orthogonal on
the slope line as shown by the stitched lines in the figures.

Fach separate layer L in the devicein fig. 1a or in fig. 7 can be realized as a

passive matrix-addressable device such as shown in fig. 10. It comprises a
35 first set of electrodes By comprising mutually parallel stripe electrodes W

and another set of electrodes Ep which likewise comprises mutually stripe




for the device on fig. | a. Here the stack 1 which is not shown provided on
a substrate, is staggered on the side such that the sl ope becones |i

The necessary depth of field hence will be |ess and approxi mately e'$§fﬁm!'
the 20 | argest height hM x of one of the layers L in the stack 3. Neither
is it necessary that all layers in the stadk. has the same step height, cf
that in fig. 9a the layer L2 has a nmuch smaller height than the other

| ayers. The r;aui red depth of field as shown by the distance between the
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word and bit lines in an arrangement as shown in fig. 10 can comprise
several hundred or thousands of electrodes in each direction and extend
laterally over macroscopic distances (millimetres to centimetres). The
thickness of each separate layer, i.e. édmpose‘d of layers which form"

25 electrode layers and memory medium, will be of a magnitude of 1 pm or less.
Such matrices can be stacked and form the stack in a device according to the
invention and it is then obtained a monolithic structure where each single
layer which forms a matrix is isolated electrically againsf crosstalk and
interference from the other layers in the stack, such that an extremely high

30  volumetric memory cell density is obtained.

In a high density stack of large passive matrices the number of lines in the
" device which are connected with suitable driver and control circuits will be
very large. If the layers in the stack are completely passive with all circuits
for switching, multiplexing, detection and processing located on orin a
35 supporting substrate, can the number of direct electrical connections between
individual layers in the stack and the substrate be compérab}é with the total
number ofﬁaatrix lines, i.e. word and bit lines in the device, and the problems




15 el ectrodes in the respective sets. Ina nenory device of the kind
mentioned a given nenory cell can be witten, read and erased by 3 i
activating the word line electrodes Wand the bit |ine el ectrodes B &ﬁf@W
cross at this cell. Infig. 10 all word lines WB could for instance be
activated and hence address all cells at thé crossings with the hatched
bit Iine electrode B as’" shown. A menory 20 matrix which conprises a |ayer
of menory material in sandwi ch between word and bit lines in an
arrangenent agcahewred withithe fbrivanicsoapsncke desmesrhandeundl &¢ of perasueiarids
of electrodes.in each direction and extend laterally over macroscopi.c

di st ances (niFnHWE&W@§ to centinetres). The thickness of each separate
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| 20 Fig. 11a shows the substrate S with respectively a bit line contact field with

contact pads B,-Bs for respectively first to third bit lines in each layer and a
word line contact field with only two contact pads W, W, for each of the
word‘lincs W, in all layers; but before the first layer.in the stack has been
deposited, fig. 11b the substrate S with the first isolation layer Iy to protect

25 against electric and chemical interference between the substrate S and the
thereabove provided stack, and fig. 11c how bit lines from the first layer, ie.
the first matrix-addressable device in the stack, are provided and connected
with the first set of contact pads for the bit lines on the substrate S. In fig.
11d a layer My of a functional materia] is shown provided, in this case a

30 memory mat.eri_al, above the bit lines and which contacts these, while fig. 11e
shows how word lines Wy, are connected with word line contacts in the
substrate S. Another isolation layer Iy, is in fig. 11f shown provided over the
first layer or the first memory device in the stack and is then provided with
the bit lines By, for the second layer, such this is shown in fig. 11g.

35 Thereabove again a memory layer My, for the second layer is provided and
contacts the bit lines By, such this is apparent from fig. 11h. Fig. 111 shows




limted to only three |ayers. By using the nmethod steps as shown in fig. |
1 a-1 I rn a densely stacked matrix of passive, nmatrix-addressabl e devic
can be obtained, as the series of fabrication steps provides for Gb?t&ﬁpnﬁﬁb
an 15 electric connectivity with high densit7y to the substrate. In the
exanpl e showmm the word lines in the separa{te | ayers are connected with a
common conductor, while a separate set of bit lines is provided for each

| ayer. In the subsequent fi I a-1 lin L deno Ixg0! at.i 1O
Subst 7 at o, WprasiEd pifgd e Blio BT oF CRBSELATF TEOT DS T Snaarrye o
refers to |ay, AW dFiges s dbtaisdtows the substrate S with
respectively Cgfng?éfﬂﬁ.’ Eér contact field with contact pads Bl-B3 for

respectively first.tq t.hird bit |j L i: vin lihfeeg. 115
contact fiel \Met"ﬁ1§fﬁia§)°f’\/48y%roih3a{8?%§%é§na?%€\%} ?yoﬁf%\ggﬁd%%% éo?? L] r%es
VL in all T aysicis viﬁedwiehﬁ:ﬁmelines 8 3 laaysdoWm in FE2. sk lde K 18ad lﬂ)é HW;twei
eposited, fig. t ubst r.at : atin@nit liawer: 0
protect 25 adﬁPWé)tryg%%rtewléb%ﬁ&ﬁ%E%%d\é%fgﬁ E%ﬁ?%lgértghggls?el“?@gm th ssu 0stI; at e
fS_ and It'he t higg enbey qaz][i@udcbédﬂx stacklinem®V {3 whigh ptitq{’éiﬁ/ %quh_(; th.ﬁ‘??lhe .
L.rst layer, i.e. e first E I Xzs I e Jayer.
pr ovi dedyand léﬁ%@aé armﬁdetdlgeﬁoéir’fei&Flg?’gstgﬁﬁo ggg’?\ggg?gggg%f orc.&?’%gl i tly "
lines on the. substrate S. In fig. | Ld | gyer ML of a cil

material is SHoswngthodistiers 23 ﬁh@WFlslncfége?éa %ﬁﬁﬁﬁe%tsé%%%bgﬁg t he

bit |ines and }mgfﬂnggggs%qérfgaﬂggﬁ duhickewhidh wholly cafresgomdsitavthra dBYiHés
W.1 are connétte wth word [ine conta i)s in the Sﬁgagﬁéﬁd%‘l Apge her

i sol ati d0 |-ayemcording ® the mvgnipn ¥S]%?C\1 SR e VEr the Pirst Iayer
 neeao o RO d B 18 Bl o e

i nes or e second | ayer, suc i S..1: 1 : :
Ther eabove ageiuise %ﬁ‘ﬁ?ﬁoF%’)?BPnaLt?%Srm?Hégiégga\rq@ewg)?edr&%agi o%ded and .
contacts the jpvbntibRasmBbdicdsach pabiveimatppaddnessabderisgory deNiCceryery Vel

shows - 3 SEP 2004 17.provided word |i T. taGlevihea moudahdne
-W.I such thatméﬁrﬁ%wmg%ﬁﬁﬁfﬁqrﬁﬂ“rpg?r 9ﬁg&#§nld' ARESCaP 18 Hey

v ines 1 s obt meﬂ. A NeW..,
i sol ati 9§ | ay@brd kadft linke in kack lh}aqxeﬁdrslnp?@ﬂedéélaééu?%‘aﬁuf 0 bEePoss1Y jh'
and is provided with bit .lij : : i3 fdsoR 0 00k SO0 Fitptrik ks, showst
the 5 nenory qoar);\él:llzmtyq-g§ﬂ1?ﬁ§10§h?rg |g§g}rﬁ@‘c’iiec§ésiste over ELB gged Eﬁ_{a’rﬁcﬁs
shown in fi'gs4 DODMGY metdueaddrensalie anemesy o3, aRELY S2F H%mvgr, e
edge of each _| ’ - ' 1yt o Yy Aulnibeeso eonin
under | yi ng Ia%ﬁég%fﬁeﬁq%%ﬁﬁgglg%gggggﬁﬁgwgf\i%ﬂ.t 11.1I é"‘tlel %irtﬁrﬁli'ges a
stacked passisteckateh thaidel VebeaBiiac FEMHe 2T ARE Wiy WSS corres%onds_

to the ggvi C&torage capacity and high storage density is obtained. o _

In the separate layers as shown in figs. 11a-1 Im it can besides be possible to |

modify the fabrication, as in reality several procedures could be used. For .
instance could the word lines be formed in 2 single step by using a method in
analogy with the sfep shown in fig. 5a-e and correspondingly will the

25 provision of the bit lines, ¢.g. as shown in fig. 11k, make it necessary that a.
larger number of layers must be negotiated in s single fabrication step..If this
is a problem, a patterning alternative based on th‘e geometry as shqwn in fig.
9a can be used or the edge connections can be formed sequentially with

patching to an underlying step in analogy with the fabrication steps shown 1
30 figs. 6a-d.

Even if it is possible to combine the principles in the present invention with
ng vias according to prior art, certain essential features shall be

through-got
noted which qualitatively distinguishes the two.




10 according to the invention. It shall of course, be 'understood that the
limtation of word and bit lines in the exanple shown in fig. | 1 ar% é

of course, d.o not correspond, to the realities as a device accordi § %ﬂh4
the invention enbodied as a passive natrix-gddressable menory device very
well may conprise a | arger nunber of Iayer% and at | east up to severa

t housand 15 word and bit lines in each layer. For instance it has turned

out to be possible_to realize two-di nensional ne devjces, ¢ 00
matrices, i.e- mﬁtHnT%EIU@EQ@G@VﬁBPPPXYSHHF §§55F@lﬁéﬁﬁpfm%éﬁf@?agaggﬁég
SLaCki 219) thef '1'h'ﬂ| ¥henyef paﬁﬁiihg ca@fblfcmmsea% \i\ﬁlxﬂlarilmﬁlalcemsmg' > ppopriiensoaiiet yhe o
t he nunber of layers jn t stack suc. at a_vol.unet - r.di ng
to the inventﬂ%ﬁﬁﬁﬂpﬁhﬁﬁ %%ba%?gFaﬁgag%é%WPt$TEW€“ﬁ§&ﬁhﬁ?gﬁgggﬁﬁgﬁggﬁg i's
obt ai ned. In tBRcSeRAAMAAGYENE Afatsfimenmatetiags compatibilitymssuegan besi des
be possible to nDditﬁ tge fabrication ﬁgs i.n ;eality several procedures
coul d be used CURGMIZIRG 04 ey 16 C t RS WP U P Bes be forned in a single
step by using a method in ‘analogy with the step shown in tig. 5a-e and
correspondi ngty wi [Ih thhe@reseniriovesiion, oo et pleing; A1 1A8Or BIPlarRPLRHRA ¥n
fig. 1 1k, m%@qﬁi&e&%%}ggré’orﬁf&ihn% cHa%'rn%Fs; t}%}'ﬁ??ﬁrl.ﬁ%rsl RY@leSsttie! be

negotiated in" s*single rication~step. iS a problem a
patterning alternative based. on the.geonetry as.sh in flg. .can be
used or the edd& R:'f&ﬁﬁ%ﬁ{qv&%m@aﬁ’lma’éd?%?ﬁ%ftée?&éﬁ? ?%“F?&‘ﬁv&a?ge Sggc_i ng to an
under | yi ng st gparifasnaimgyetddketinieviedy irc kdwerosss igh-shbune operaons guch
6a-d. Even if it is, possible to conbine iNei in the present

i nventi i wit BS TEHF Uﬁéﬁég}moﬁgcgpﬁsoryoa%ggﬁ%g{egn %‘%‘lﬁggss'art , certain
essential features shall be noted which qualitatively distinguishes the
two. - 3 S P P 2004 18 In the present invention, vertical connectivity in
the stack as well as intra-layer patching can be achieved.in manufacturing
operations after the layers in the stack have been |l aid down, providing.
increased flexibility in selecting manufacturing strategies (materials
conpatibility issues; 5 custom zing 'of devices, e.g. post stacking). In.
the present invention, no etching, drilling or simlar operation is:
required to open connecting .channels through layers in the stack. The
present invention provides realistic routes towards |arge-scale

manuf act uri ng of stacked devices in | ow cost, high-volume operations such
10 as reel-to-reel production of polyner-based devices.




- 3SEP2004 19 PATENT CLAIMS | . A nenory and/or data processing device
having at |east two stacked Ilayers (L) provided in a stack (1), wherein
the stack (1) either forns a self-supporting structure or alternatiGeJEp W6
provided on a substrate (2), and 5 wherein tjig stack (1) conprises at |east
one structure staggered in-at |least one direction, such that steps in the
staggered structure are forned by exposed portions of the separate |ayers
(L) in the Ste}SKT@T)ITa@EﬁWF a step height h corresponding to the

t hi ckness of thé respective layers, characterized in that 10 one or nore,

contact pads (4). are provided each step i.n the.st ered , structure .in
el ectri cgl coS’nlnz-Jct i b WHTMWW EI/%PC%S(B’&%%M@B ﬁg‘g’(ﬂﬂ ?Tsleiaﬁ{ %Evﬁe“mked

respective | aygyefsL) gfsilbatin angadk (Mehetefithe cedcle(beeichenteimoas (3)
are provided on  and over the step in each .la

L) .i,n.the f
el ectrical cORIUEPPROIIELS SEpGHES Qirﬁh%@agf“@ﬁ’egnér %\(}Ig?dtqua éﬁég%rg&t (wedtfhe .

steps in pach feletifahe Glackefd canpeibtett ast baesn{aos sfageeed ayatfedst)
the el ectrical edg.e Connectlg{)lqs (t ) contacti ng eoége or, nore 303%%? pads
(4) in the | ap®EsOREFURGSUGH HAt StFRs B Bis $TR88F ebRBEITE RIBJOTRET Bhach
l'ayer and al SQxb%wgﬂ)rﬁBﬁs dfayersepande ¢apéqL )nadhe(iclp(dy adddvith Aastep
opti onal substrate ]é ). 2. A.menor ar}agﬁr dat}@g&)rocessm devi ce accordi ng
to claimi, 20¢EhRCOErssPending (o the (REKBESSH %5??&3&5{“%&836{54) in one or
more | ayers (lharactafieefihuBhi y connected by el ectrical conducting
.structur provided on the.  step-in.the respective |layer. .3.,. A _enor
and/or i a pOBESTSTGC §85TAE RASSIRAG A VESA o Fach g R s sTREEE oy
t he el ect ri caktradgereconelectsdealscomdectivn withvinderbrysand?br pooc¢Ising iz tsemnt
pat hs between cont act .pads_ (4)-4in | east i | i
t he. stack (lfh%Fc?e‘:tc\f\g’ecglaggﬁl%tta@aﬂjsﬁ?’ZBC %’Itr:&g}?efeggét?&?\ﬁ;@ﬂ%gd?%%{e%tt%ycé’?s
(L) in the staokptdyidediomandmnieorthe stapbin eacke 1gpgr @) iacket faro efielestricabse
ayers. 4. 2 CEARLXGABUAICIAAPUAFERY Aty BOYL Bf: BOEOBANGeh IEISRI f eatth
characterized I'n atethie ‘el'ectri cal “edge connections (3) are provided as a
pat ched 1éur r ettyepdilh) st depositadbondhassnfacessfeths layyrs (-1 HBe flgetiqal jedge
bet ween an opt.} . 1 | ‘
pet veen an 2%’@@%@3%3 y @&aéﬁhgm bPBrdr@Ynthéilpa I ALRMAE Rayleb€ (L) and
providing electrical connection between each layer-and also between the
layers and contact pads (5) provided on an optional substrate (2).

2. A memory and/or data processing device according to claim 1, |
- 20 characterized in that two or more contact pads (4) in one or more layers (L)
are mutually connecied by electrical conducting structures provided on the

step-in the respective layer.

3. A memdry and/or data processing device according to claim 1,
characterized in that the electrical edge connections (3) are provided as
.25 continuous current paths between contact pads (4) in at least three
" consecutive layers (L) in the stack (1) or between contact pads (4) in at least
two adjacent layers (L) in the stack (1) and an optional substrate (2) adjacent
to one of these layers. - |

4, A memory and/or data processing device according to claim 1,

30 characterized in that the electrical edge connections (3) are provided as a
patched current path between two adjacent layers (L) in the stack (1) or-
between an optional substrate (2) and the layer (L,) adjacent to the substrate.




5. A nmenory and/or data processing device according to claim1,
characterized in that the stack (1) forns at |least a part of a step. SEF%D?
structure, such that the layers (L) have different areas. 6. A mam)rg

and/ or data processing device according to claiml1, 5 characterized in that
the separate layers (L) in the stack (1) ar e2Gnt ually displaced, such that
the staggered structure conprises at | east and staggered portion where the
steps form an exposed portion of an upper surface in the respective |ayers
(L) in the staék (1)A Sfdnexy ped/Sr dfie Psecrfgidepne dEPrding o cidim bt eps

form an exposedy parcté9fePin aaatltﬁ%&aayégﬁfo% at RGst Q%%Sfé%‘é%ﬁé@ﬁgﬁéni@ (L)

in the stack (1), one or nnyre contact S ~on eac case
bei ng el ectri cBIPGIEEnhectt Brptviie Harenididthavg Giterentipeeas 3) respectively
provi ded on opposite surfaces of the layers (L). 7. A nenory and/or data
processing devéce agcaregiony imd/ok aiaa proodssing deviceeaczioading o) clasmpl,ovi ded

b 2 15 ch | zed h . K I

part of afl | nvehdabte ey B0 he SEPrte e Ed iE BE SR OHE mEbafT™
eﬁch | ayelr _(L)di:spb&cmiseacwthﬂt ﬂﬁataggeﬁe@rw]szmdmmb rﬁdgsﬂtlrlaaﬁ (ﬁI'?é stag@éredd
t hat t .
o rest agai natHE! BABEE P SlepS)omtEn byPaes PRTPR ofiBE BEP G eRSRett HEE
one or rrgre stregpectue payers ¢h3,invhe rsednk U)axﬂi)amwﬁsta‘bnefst?gglmadipnrltim where

t t .
thorebencat h. 5o vt R0 iRl RIPAR 1 a 108 R S0RAGe 4B s ¥ it RS
cl ai m 7, 10char(@gtisrtheedatin (1 hateomemure montad qradacis )pax sa¢is ptegr i pradvtaked
0 Lhe  SubStiiifie (RctHBNS dditdeLnl Lini6Sin SURARLALIS) SbRLARIEy (2)

25 9. A-nenory and/ or a“processi ng vice accC

char act eri zed Aravided oplppsisife wgfacesfofdheHayersell X L) between the steps is
rounded or forms an inclined surface. 10. A nethod for fabrication of a
menory and/ or at a Armemssy ngddevidsiz probesding demics escatdibgastclhim 1, ayledrsin

L i ded i (1 ' ' 3 k (1 ith f i
gel) f pga\pl)l orGti Irtl e?ﬁ%‘iﬁér% %Pvé\q]?e({eghgat$u3)§ltﬂlaq? iﬁg(r:ovi(d)edel one; saggfrgt e (2),
‘and wherki n t lebasacterized an that Sesstaek (1 péstmontledst acpant @fsnagyerted $tapone
di ion, R ' f frars

I rection, SU%EE&%?& tl?@ﬁ?u&ﬁré,gﬁicﬁ{ ﬁﬁg?féf%e?afq E)P%.hl:'fi ‘?aj’?‘ére(I.() gﬂrcgﬁ%eg V*\tnv;[tﬂ the

exposed port-i-on e separat ayer e stack (‘1 )
step hei ght hdégapes mmithg Sﬂzbsvmeczzﬂegg dzzat peerlgspetayere aragarged over §Ep
2004 21 edges of underlying layers and to rest against the substrate (2), overlying
layers (L) being formed with one or more staggered portions, whereby the
20 number of steps in the staggered portion of a layer corresponds to the number

of layers located therebeneath.

8. . A memory and/or data processing device according to claim 7,
characterized in that one or more contact pads (5) are provided in the
substrate (2) where the layers (L) rest against the substrate (2).

25 9. A memory and/or data processing device according to claim I,
characterized in that the side edge of each layer (L) between the steps is
rounded or forms an inclined surface. '

10. A method for fabrication of 2 memory and/or data processing device
which comprises at least two layers (L) prdﬁided in a stack (1), wherein the
30 stack (1) ejther forms a self-supporting structure or alternatively is provid'ed
on a substrate (2}, and wherein the stack comprises at least one structure
staggered in one direction, such théf.steps in the staggered structure are
formed of exposed portions of the separate layers (L) in the stack (1) and
‘with a step height h corresponding to thickness of the respective layers,




characterized by adding each layer in the stack in separate succeeding
steps, providing each succeeding layer in the stack with an area di ffEZ@ﬂt
relative to the previous adjacent |layer or displaced in relation i t
such that the stack is formed with the at | east one staggered structure in
one direction, 5 steps in the staggered stdcture being fornmed by exposed
portions in the provided |ayers, depositing structures of conducting
material on the steps in_ each layer, such that one or nore current paths

and one or noreharesteaizedadeddimgeedady lar o thastecKafietepaanid HESESHITETEPS.
cont i nuous a“géx%fwmtocéh%ﬂ ﬁJc‘;c%EHflﬁﬁialye‘P‘?fi‘QHE%{a‘& WHhUG! HF &S die it kOlafive to

el ectrical connéctions contact pads on two Or_ nore
| ayers and/ or uhetpmemusrmije@mtal@wepadshmla@%%relaﬁ@metmea?f@s sughdhatide

substrate. g‘%‘ﬂ?% ﬁg}g% Coal }ﬁﬂ#bgaﬂ Rat 8 mséafage?@@rsﬁ%mﬂezlﬁdmw dﬁ%@ﬁﬁht ing

the | ayers sucsh rns at east a art of a step g\
structured' 15teps amthﬁestnggemsiqutwgetbmg formad by grposed nqaréwmayart e(L)

are provi ded VRS ,%i—iglcneg;o%@%& rs%%h(&)s’offc%%rd%%hﬁ“rh@@erbé’l SepRsifeb9an

the layers su n s at |east a pa an inverted Ste
pyram d structa@ck 1apes sush dhat g OF paie GaiARt H@gésﬁ“tde@ne &% SR OFheonagkPafs
an underlying a]r@%fméﬂ%ntéhdfﬁﬁat ef‘gzi’rhd‘EE bﬂ@ln@m{tiﬂ@ls Ql‘i)dﬂt\iﬂ?fa@ﬂ&’ed)&’mcwtﬂg
Iayers are fornmed with one or g % dpeﬁr ons, %EF}THB{ eps
in each staggérddusbpgistimatres WAy A ELESHR ﬁ%gff 8°Fﬂ8"“ gve ﬁ}fyers
| ocat ed tder e%ﬁl@@dﬂpad&?on ﬁvﬁﬁrhﬁdr@m&ﬂ AR/ drobetiraiem th2, caxtactapdds oz ede loy

providing one or e co ads in the substrate where 25 the |ayers
rest agai nst fR¥S §f5r%ﬂ‘iahelﬁgb§'r?tr§t hod according to claim 10,

characterized by prOV|d|n8 the el ectrical edge connections in a process
sel ected anond lone Amethedfasicoodinggio ¢pn 1G:t hography, dry etching, ink jet

printing, sillehRfdditiined b§Qic dsith O ThéPers 8LER thA thel Stack|fefmhE e leddta part

deposition 30 or in situ ver sion.
of a step pyrami structurc :

- 15 12. A method according to claim 10, wherein the layers (L) are provided
_ on a supporting substrate (2), ‘

* characterized by depositing the layers such that the stack forms at Jeast a part
of an inverted step pyramid structure, each overlying layer being deposited
over the edge of an underlying layer and to rest against the substrate,

20 whereby overlying layers are formed with one or more staggered portions, the
number of steps in each staggered portion in a layer corresponding to the
- number of layers located therebeneath.

13. A method according to claim 12,
characterized by providing one or more contact pads in the substrate whcre

25 the Jayers rest against the substrate.

14. A method according to claim 10,

characterized by providing the electrical edge connections in a process
selected among one of the following, viz. lithography, dry etching, ink jet
printing, silk printing, soft lithography, electrolysis, electrostatic deposition

30 or in situ conversion.




