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Scalable data processing apparatus 

The present invention concerns a scalable data processing apparatus, 
particularly a data storage apparatus, comprisi~g one or m;ore thin-film 
devices which form a substantially planar layer generated by a number of 

5 sub layers of thin film, wherein the sub layers of thin film comprise electrical 
isolating and/or conducting and/or semiconducting structures and- structures 
with information storage capability realized in a thin-film material in a 
sublayer, wherein the structures register with or contact electrically other 
structures of this kind in adjacent sublayers for realizing active and passive 

10 electronic circuits elements or logic cells in the thin-film device, wherein the 
active and passive circuit elements in a thin-film device are realized with a 
three-dimensional architecture and extend through two or more sublayers, 
wherein the circuit elements are electrically connected by horizontal 
electrical conducting structures in one or more sublayers and vertical 

15 electrical conducting structures extending through one or more of the 
sublayers, and wherein two or more thin-film devices are provided as an 
integrated stack of the substantially planar layers which form the thin-film . 
devices, such that the apparatus forms a stacked configuration. 

It is known in the art to create memory devices in the form of thin-film 
20 circuits in stacked configurations and wherein a memory device additionally 

may be combined with processors for controlling, driving and addressing the 
memory, but then with the latter realized in inorganic semiconducting 
materials, either in the form of single crystal rigid substrates and/or thin-film 
provided on a carrier substrate which very well may be exceptionally thin, for 

25 instance formed as films of silicon dioxide. A complete memory device with 
processing circuits is created by juxtaposition of the layers and often with 
transfer of the thin-film circuits by means of special methods. In order to 
provide interconnections between the layers viz. through set of holes in the 
layers are used and possibly combined with evaporation of metal in order to 

30 create the necessary current paths. Further there is from PCT/N099/00I 80 
which belongs to the present applicant and which hereby is incorporated by 
reference, known an integrated scalable data processing device which forms 
a complete computer with a mass memory and a combined processor and 
memory module wherein either in separate processor layers or separate 

35 memory layers or combined processor and memory layers are provided so­
ca11ed intelligent random access memories (!RAM) and processors which 
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realize the CPU function of the computer or which realize control and 

communication functions in the computer. In order to provide short current 
paths three-dimensional electrical structures are used to create 

interconnections between components in the separate layers and between the 
5 layers mutually. The whole data processing device· is' provided on a substrate 

which contains further high-speed processing circ~its for control and 

communication purposes, these being realized with inorganic semiconducting 

materials in conventional technology, while the dif'f~rent layers of the data 
processing device otherwise wholly aie realized i~ thin-film technology 

I 0 whether they concern processors or memories. 

Even though in the art known devices for data processing and storage based 
on the use of thin-film technology carry a number. of advantages with regard 
to speed and functionality, they are for purely storage purposes often very 

costly and can particularly be complicated to produce. An effective memory 
15 management further requires a substantial processing capacity, for instance 

for c~ntrol, communication and addressing, dedicated circuits for these 
purposes often being assigned a large memory or several separate memories 
with large storage capacity. 

The main object of the present invention is to provide a scalable data 
20 processing apparatus, particularly a data storage apparatus which is relatively . 

simple and i11expensive to make and which in principle allows for almost 
unlimited scaling of the data storage capacity without the management and 
operation of the memory becoming complicated. 

A further object of the invention is to realize a scalable data processing 

25 apparatus, particularly a data storage apparatus substantially in thin-film 
technology which allows implementation ofsupporting functions.for control 

and addressing of memories realized in thin-film technology, the electronic 
circuits for the mentioned purposes to be integrated with memories in the 
thin-film device. 

30 Finally it is also an object of the present invention to realize a volumetric 
data storage device with large storage density, fast data access and high data 
transfer rate, optionally combined with parallel input of data in the data 

memory and fast parallel readout of data therefrom. 
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The above-mentioned and other objects are achieved according to the 
invention with a scalable data processing apparatus, particularly a data 
storage apparatus, which is characterized in that each thin-film device 
comprises one ore more memory areas which form one or more matrix 

5 addressable memories, each with a memory medium in a sublayer in contact 
with a first electrode set in the .form of stripe-like parallel electrical 
conducting structures or electrode· structures and a second electrode set in the 
form of corresponding electrode structures oriented substantially orthogonal 
to the electrode structures in the first electrode set, the electrode sets 

10 respectively being provided in respective further sublayers adjacent to said 
sublayer on each side thereof, whereby addressable memory cells are created 
in the memory medium at the crossings between the electrode structures in 
the first and the second electrode set, that each thin-film device further 
comprises circuit areas which form electronic thin-film circuitry for 

15 controlling, driving and addressing the memory cells in one or more 
memories, said electronic circuitry being connected with electrode structures 
in respective the first and the second electrode set in a memory over current 
paths which are formed as electrical conducting structures in substantially the 
same sublayers wherein the electrode sets are provided, and that each thin• 

20 film device has a respective interface to every other thin-film device in the 
apparatus, said interfaces being realized with communication and signal lines 
and supporting circuitry for processing which extends vertically through 
respective dedicated interface areas in the thin-film device. 

In an advantageous embodiment·ofthe apparatus according to the invention 
25 the memory medium in one or more memories comprises materials selected 

among molecular materials in the form of monomers, oligomers or polymers, 
carbon-containing materials in inorganic ·or organic form, or a juxtaposition 
or mixture of such materials. In this connection it is preferred that the 
memory medium comprises a memory material which in a memory cell 

30 provides a non-linear current/voltage characteristic, said non-linear 

current/voltage characteristic being generated by inorganic or organic diodes 
. . 

or a threshold-switchable material. 

In another advantageous embodiment of the apparatus according to the 
invention the memory medium comprises a switchable material, said 

35 switchable material being a non-volatile material, selected as respectively a 
ferroelectric material or a charge transfer organic complex, or the memory 
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medium can be switchable and have ii non-linear current/voltage 
characteristic, 

Advantageously·c~ accordin~ to tlie i11vention the ¢lectronic circuitry 

comprise inorganic and/or organic semiconducting µiaterials. 

5 In an advantageous ~mbodiment of the apparatus ac:~ording to the invention 

the interface areas in one ·or more thin-film devices .are provided integrated in 
an edge portion· of this or these, said edge portions ill the latter case 
registering mutually. In this connection it is ·preferred that the interface area 

in an edge portion additionally comprises an 1/0 interface for the respective 
10 thin-film device or optionally the apparatus as a who,e,· and implements 

functions for data and signal communication with external and/or peripheral 
' ' 

devices. 

Advantageously can in the apparatus according· to the invention the thin-film 

dev~ce or the stacked confi~r~tion of s~~h devices b~e that the thin-film 
15 device or the stacked configuration of sucli devices be provided on a 

substrate which· comprises ~ctive electronic circuits. f~r implementing -· 
additional control, driving and communication functl<>ns in the apparatus, 

' ' ' 

each thin-film device being connected with a circuit over a separate interface 

area which in each c~e extends vertically through th~ thin-film devices 
20 which are located between a thin-film device in ques~~on and the substrate. In 

. this .connection it is pref erred that the substrate comprises an interface 

portion that the substrate comprises an lnterfa,ce porti~n which extends 
substantially horizontally in ·the substrate and parallei to and adjacent to the 

thereabove provided thin-film device and which is e.lectrically connected 
25 with the interface portions iil thin-film device or the thin-film devices 

provided above the substrate, and particularly it is pr~ferred that the interface 
portion that the interface portion further comprises an 1/0 interface for the 

apparatus as a whole, said 1/0 interface implementin~ functions for data- and 
signal communication with external and/or peripheral devices. 

' ' 

30 It is then also advantageous that the substrate is, mad~ in a semiconducting 
material, particularly an inorganic single crystal semfoonducting material and 
even more particularly such a single crystal semiconducting material of 
silicon, and particularly it is in this connection preferred that the electronic 

circuits in the substrate are realized in CMOS technology. Further it is in this 
35 connection preferred that electrical connections between the electronic 
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circuits in the subs.~~te and its interface portion or ~ver this interface portion 
to the interface at~~~~ in the above-lying thin-film::::a~vices are realized as 
CMOS-compatible metallic interconnections. 

In an advantageous embodiment of the apparatus according to the invention 
5 wherein the apparatus comprises two or more thin-film devices, the thin-film 

devices are substantially conformal in the plane and provided mutually 
registering in the stacked configuration. In this connection it is preferred that 
one or more separation layers are provided interfoliated between adjacent 
thin-film devices and implementing either separately or in selected 

10 combinations respectively an electrical, thermal, optical or mechanical 
isolating function or a planarizing function, said interface areas in the 
respective thin-film devices in each case being electrically connected over 
vias in a respective separation layer. 

In another advantageous embodiment of the apparatus according to the 
15 invention, wherein the apparatus comprises two or more thin-film devices, 

the thin-film devices are provided mutually staggered in the stacked 
configuration. In this connection it is pref erred that one or more separation 
layers are provided interfoliated between adjacent thin-film devices and 
separately or in selected combinations implement respectively an electrical, · 

20 thermal, optical. or mechanical isolating or planarizing function, and that 
separation layers only are provided in the overlapping portion of two 
adjacent thin-film devices, the interface areas of the respective thin-film 
devices being provided above exposed surface portions of the thin-film 
devices in staggered area thereof, such that the separation layers between the 

25 thin-film devices form an unbroken layer without vias for electrical 
connections between the separate thin-film devices. 

Finally can the apparatus accordi.ng to the invention advantageously be 
provided on a carrier substrate formed of a foil-like material or a rigid 
material such as silicon, said carrier substrate in each case being provided 

30 adjacent to the lowermost thin-film device in the stacked configuration or an 
optionally provided substrate with electronic circuits. 

The scalable data processing apparatus, particularly data storage apparatus 
according to the invention, shall now be discussed in more detail in the 
following with reference to exemplary embodiments and the accompanying 

35 drawings, wherein 



W000/38234 6 
PCT/N099/00365 

fig. I a shows a plan view of a, thin-film device used in the apparatus 

according to the present invention, 

fig. lb a section through a first embodiment of the thin-film device in fig. la, 

taken along the line A-A, 

5 fig. le a section th~ough a second embodime~t of the thin-film device in fig. 

la, taken along the line A-A, 

fig. 2a a plan view of a third embodiment of the thin-film device used in the 

apparatus according to the present inventiont 

fig. 2b a section through the thin-film device in fig'. 2a, taken along the line 
10 B-B, 

fig. 3a a fourth embodiment of the thin-film device used in the apparatus 

according to the present invention. 

fig. Jb a section through th~ thin-film device in·fig. 3a, taken along the line 
C-C, 

15 fig. 3c another sectfon through the thin-film device· in fig. 3a, taken along the 
line D-D, 

fig. 4 schematically and in perspective· an· em~odiment of a 

matrix-addressable memory as used in the thin-film device in one ofthe 
figures 1-3, 

20 fig. Sa a plan view of the matrix-addressable memory in fig. 4 connected with 

an active electronic circuit in a thin-film device as shown in one figures 1-3, 

fig. 5b a schematic section through the memory in fig. 5a, taken along the 
line E-E, 

fig. 6a a first embodiment of the apparatus according to the present 
25 invention, 

fig. 6b a second embodiment of the apparatus according to the present 
invention, 

fig. 6c a third embodiment of the apparatus according to the present 
invention, 
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fig. 7 a fourth embodiment of the apparatus according to the present 
invention, . ,·i ·. 

fig. 8a and 8b variants of a fifth embodiment of the apparatus according to 
the present invention, 

5 fig. 9 schematically the joining of sublayers in thin-film technology into a 
thin-film device as used in the present invention and the joining of several 
such thin-film devices into an apparatus according to the invention, and 

fig. 10 schematically a preferred embodiment of the apparatus according to 
the present invention exploded in its main components. 

10 The main object of the present invention is to provide a data storage device 
and the apparatus according to the invention will hence in the following be 
regarded to realize a memory device and· be termed as "apparatus". The basis · 
of the present invention is that the apparatus can be realized in the form of 
mutually.adjacent and substantially parallel stacked layers, each of these 

15 stacked layers being formed as a thin-film device which in its turn is 
composed of a plurality of sub layers of thin film with specific and different 
functions and possibly made of different materials. 

A thin-film device 1 as used in the present invention is shown in plan view in 
fig. la. The thin-film device 1 is organized respectively in a circuit area 2, 

20 memory areas 3 and an interface area 4. In fig. 1 b there is shown a section 
through the thin-film device in fig. le taken along the line A-A. The memory' 
areas 3 which contain memories 3' realized in thin-film technology, are here 
shown provided within the circuit area 2 which contains thin-film based 
electronic circuitry for implementing control, communication and addressing 

25 functions for the memories. Depending on the memory type the addressing 
function wilJ for instance comprise writing, reading and erasing in the 
memory, as well as communication to and from the memory over the 
interface area 4. Fig. le shows a section through the thin-film device in fig. 
1 a, also taken along the line A-A, but here in another embodiment than that 

30 in fig. 1 b, the memory areas 3 here being shown with vertically stacked thin­
film memories 3, in the circuit area 2, but mutually isolated by electrical 
isolating layers 5. It is in this connection to be understood that also each 
separate memory 3' of course is constituted by a number of separate 
sublayers, such as will be discussed in more detail in the following, and 
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further the not in particular show~ electronic circuitry in the circuit area 2 
over the interface area 4 not only is used for contrplling and addressing of 
memories in the separate thin"".filni device, but als<): c9mmunicates with 
corresponding circuitry anci other memories in adj~cently provided thin-film 

S devices 1. 

It is the circumstance that each separate thin-film 4~vice 1 is composed of a 
large number of su.blayers, typically for instance s~veral tens, while the 
separate memory 3' does· not ileedto comprise mor¢than four to five 
sublayers, which allows several meIJ1o~ies to be s~~ked, either vertically as 

IO shown in fig. le or in another advantageous embo4iment as shown in plan 
view in fig. 2a and in fig. 2b taken i~ .section along the line B-B in fig. 2a. 
Here the separate memories 3' in the thin-film device 1 again are provided 
stacked, but mutually staggered. In fig. 2a and 2b there are shown four 

15 
memory stacks with four memories 3' and mutually isolated by electrical 
isolating layers 5. Only respectively the lowermost and the uppermost 
memory in each stack are indicated with the reference number 3 '. 

Another embodiment of the thin-film device l as used in the present 
invention is shown in fig. 3a which substantially C()~esponds to the 
embodiment in fig. 2a· and with the meIJ1ory stacks created with the memories 

20 ' staggered, but now along a .diagonal line such the stack appears as shown in 
plan view in fig. 3a; in section in figi 3b taken along: the line C-C in fig 3a, 
and in section in fig. 3c taken along the line D-D iri ·fig. 3a. An arrangement 
of the memory in the stack as shown in respectively fig. 2a and fig. 3a can be 
advantageous with regard.to better exploitation ofthereal estate in the 

25 circuit area 2, while the staggering can simplify the interconnection between 
memories and electronic circuitry in the circuit area 2. It is of course to be 
understood that the mutual arrangement of the memories 3' in the memory 
area 3 in the circuit area·2 essentially is not limited.io some·specific 
geometry, but may be varied within boundaries given by the embodiment and 

30 the form factor of the thin-film device 1. 

Fig. 4 shows schematically the embodiment of an essentially passive matrix 
addressable memory 3 '. A memory of this kind is fo~ instance disclosed in 
PCT/N098/00185 which belongs to the present applicant and which hereby is 
incorporated by reference. In fig. 4 a memory medi~ 6 is provided in 

35 sandwich with respectively an underlying electrod~ set consisting of parallel 

liii1ii~1r 
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stripe electrodes 7 aµd an overlying electrode set consisting of parallel stripe 

electrodes 8. By a~~'·fying a voltage to respectivelf fln· underlying and an 

·overlying electrode 7;8, there will in a memory medium 6 at the crossing 

between the electrodes be obtained a change of state which for instance can 

5 be expressed by change in the impedance in the memory medium. The 

memory medium 6 itself will preferably be made of a molecular material, or a 

carbonaceous inorganic or organic material. Usually it will be desirable that 

the memory medium shall have a non-linear impedance characteristic, and by 

addressing a not shown memory cell formed in the crossing between an 

10 underlying electrode 7 and an overlying electrode 8, it will be desirable to 

prevent the generation of so-called sneak currents to other memory cells in 

the memory matrix. This can advantageously be achieved by providing the 

memory medium with rectifying properties, preferably by incorporating a 

layer which forms a diode junction or by the memory medium 6 itself 

15 spontaneously forming a diode junction with the electrode material. 

If the memory material 6 is a polymer, its information storage capability can 

depend on a change of an impedance value thereof under applied electric 

current or voltage and keeping this changed impedance value also after the 

current or voltage has been turned off. The memory can also be a switchable 

20 material, for instance a ferroelectrical material in the form ofa polymer, the 

polarization state of which then could represent a determined logic state~ or a 

charge transfer metal organic complex such as M(TCNQ). Generally there is 

in the art known a number of different memory materials which may be used 

in matrix-addressable memories and there shall in this connection for 

25 instance be referred the above-mentioned publication PCT/N098/00185. In 

fig. 4 the memory is provided in sandwich, but this is, however, no condition 
and it is wholly possible to employ another electrode configuration, for 

instance a bridge configuration as disclosed in PCT/N098/00212 which 

belongs to the present applicant and where the underlying electrode 7 and the 

30 overlying electrode 8 will be mutually isolated in a crossing and the memory 

material 6 provided over the electrodes, something which, of course, requires 

that the memory material must h~ve the properties which ensure its 

information storage capability also in such a case. Typically a memory. 

material in this case may be a conjugated polymer. 

B R.Jeplaeed 
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The int~rconnection between the D1emory 3' an .a circuit 9 in the circuit area 
2 is shown schemati~ally and in pl~n view in fig; 5,a. :Each of the electrodes 
6,7 in the matrix i~ ~onnected to the circuit 9 via W'otd and bit lines 10. In a 
section taken along ~e line E-E in. fig .. 5a, the arr~~~ment in fig. Sa formed 

5 as sublayers s1-s8 iµ. the thin-filID: device ~ will ap~~~ as shown in fig. 5b, 
where are shown tw.o stacked memories 3' 1, 3 ' 2 an~ the circuit 9 which 
wholly are realized in, a thin-film t~chnology. Part~c~larly it is to be observed 
that current paths an4 conductor paths for the meme>cy 3 '' that is underlying 
and overlying electro.des 7 ;8 as well as the lines 19 which connect the 

IO electrodes to the circuit 9, substantially all are pro:vi4ed in the same sublayer, 
here for instance s2, .s4, s6 og s8, something whiCh "Yill make it more easy to 
generate such current paths and conductor paths i~ '.th~ form of electrical 
conducting structure~ in one and the same sublayer~ ~~cording to purpose. 

Fig. 6a shows howseveral thin-film devices I, in this case three, are joined 
15 into a stacked configuration. As before are the circuit areas are denoted with 

2 and the memory areas ·denoted with 3 ·and in the ·fi~es shown with mutual 
registration, but this is no condition. The'.interface.:~ea 4 is provided on the 
side of the circuit areas and registers correspondingly, the electrical 

. .. : .· .··, 

connections between.the thin-film devices I being bidicated schematically . 
20 with arrows 4' and 'extending verti~ally through the interface area 4. Further 

the interface area 4 can be made with I/O interfaces 12 which connect the 
thin..; film devices I with not shown external dev.ic~~ or peripheral devices for 
input and output of data. 

Fig. 6b again shows the thin-film devices I in stacke4 configuration, but now 
. i . 

25 provided on a substrate 13 with active electronic c~rc~its 14. This substrate 
can well be realized 'n an inorganic semiconducting fllaterial, for instance 
silicon or modifications of silicon, and the active electronic circuits for 
instance be realized ill a CMOS technology. The actiye electronic circuits 14 . . . .. ... 

in the substrate 13 are intended for control and communication tasks in the 
30 management of memories in th~ thin-film devices an~ are adapted for co­

operating with thin-film circuits in the circuit areas 2 of the thin-film devices 
1. This will leave more room in the thin-film devices I for memory purposes, 
as the thin-film circuits in the circuit areas 2 in this case can be restricted to 
that which is necessary in order to maintain an effective control and driving 

35 of the memory, while processing tasks, for instance' with regard to parallel 
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input and output of data to the memory and. for error correction, memory 
remapping etc. m8,.'~'$b handled by processing devibts implemented by the 
active electronic circuits 14 in the substrate. Vertical interconnections 4' in 
the interface area 4 in the stacked thin-film devices communicate with an 

5 interface portion 15 on the substrate 13, and the electrical connection through 
this interface portion and between the circuits 14 and the vertical 
interconnections 4' can.for instance be provided by metallic vias formed in 
the interface portion 15, but this musttake place in a CMOS-compatible 
process, if CMOS circuits are provided in the substrate. Instead of creating 

10 the 1/0-interface 12 in the interface area 4 in the stacked thin-film devices, 
this 1/0-interface 12 may now provided in connection with the interface 15 of 
the substrate. 

Another embodiment of the apparatus according to the invention is shown in 
fig. 6c. Here as before are thin-film devices again ·provided in a stacked 

15 configuration on the substrate 13, but instead of providing the interface area 
4 of the thin-film devices 1 in an edge portion thereof, there are instead 
provided separate interface areas 4 in order to create vertical 
interconnections between the thin-film devices 1 and between these and the 
interface 15 in the substrate 13. This can in its tum contribute to a 

20 topologically regarded advantageous layout of the circuit area in the separate 
thin-film device and reduce the need for horizontal current paths therein. 

In a variant of the embodiment in fig. 6c the apparatus can be realized as 
shown in fig. 7. Here separation layers 16 are provided between each· thin­
film device 1, such these layers for instance are known from NO patent 

25 application no .. 98 0781 which belongs to the present applicant and which is 
hereby incorporated by reference. These separation layers can either 
separately or in selected combinations.implement for instance an electrical, 
thermal, optical or mechanical isolating function. In a stacked configuration 
they may also be used as planarization layers. When the interface areas 4 in 

30 the thin-film devices I are provided as ·shown in fig. 7, this however 
presupposes that they are run through the separation layers 16 and this must 
be done by interconnections for instance in the form of vias in the separation 
layers, something which in regard to the isolating function may be 
detrimental and additionally also lead to cost-increasing fabrication steps. 
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One way to avoid this is to prQvide thin-film devices I as before in the 
stacked configuration, but now mutu,ally staggered. 

. . 

An embodiment of this is shown in fig. Sa where the thin-film devices once 
again are provided ~n a substrate 13 and mutually sep.arated by separation 

5 layers 16, but where the interface area 4 is provided 'between the interface 15 
in the substrate 13 and above the exposed steps in th~ thin-film devices on 
the side thereof. The interconnections between th'ethin:..film devices I 
mutually or between these and the substrate 15 are schematically indicated by 
respectively horizontal and vertical interconnections··4'. 

10 In the embodiment in fig. 8a may further a not shown carrier substrate be 
provided adjacent to thin-film device 1 on the opposite side of the stacked 
configuration. In the fabrication can then the arrangement of the thin-film 
devices 1 take place ..from the not-shown carrier substrate and upwards, 
whereafter the substrate 13 with active electronic· circuits 14 is provided on 

15 top of the stacked c·onfiguration asa last step in the fabrication process. This 
implies that the interconnections over the interface area 4 and to the interface 
portion 15 are realized after the placement of the thin;_film devices 1 in a 
preceeding fabrication step, something which in a number of cases may be 
advantageous both with regard to c_osts and a si~plifi¢ation in the creation of 

20 the interconnections. · 

Fig. 8b shows an approximately corresponding embodiment to that in fig. Sa, 
with thin-film devices 1 provided mutually separated.by separation layers 16 
and once again provided staggered in a stacked configuration, such that the 
thin-film device I closest to the substrate 13 does not cover this wholly, but 

25 forms a·step down to the surface of the substrate. Then once again the 
interface area 4 may be provided above the stepped' portions in the stacked 
configuration and interconnections between thethiil~film devices 1 mutually 
or between these and the interface 15 in the substrate 13 extending 
horizontally and vertically over the steps in the stacked configuration. 

30 Fig. 9 shows quite schematically how each separate thin-film device 11; 1 2; 

l 3 are constituted by a number of sublayers, here shown as four layers s19s4• 

Horizontal electrical interconnections can be created ·as an integrated part of 
a sublayer s by a conversion of thin-film material in this sublayer and 

1ii[i1nf 
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corresponding]y can vertical electrical conducting interconnections be 
created through tJf~:-~ublayers s by registering poffidns of electrical 
conducting material in the thin film. Under particular conditions can such 
electrical conducting or semiconducting structures be generated in situ in an 

5 already formed thin-film stack or they can be generated separately in each 
separate sublayer s which then is laminated or in another manner joined into 
a stack which forms a thin-film device 1. In PCT/N099/00023 which belongs 
to the present applicant and which hereby is incorporated by reference, there 
is discussed a method for generation of horizontal and vertical electrical 

10 conducting structures in situ by means of radiation, for instance light 
radiation or particle radiation for thus· creating three-dimensional electrical 
conducting and semiconducting structures in a stacked thin-film device. The 
generation of such structures can however also take place by means of 
electric fields which are applied patterned to the separate sublayer s by means 

15 of a special generator/modulator device, such this is discussed in 
PCT/N099/00022 which belongs to the present applicant and which also · · 
shall be incorporated by reference. 

The apparatus according to the present invention is shown exploded in its. : 
main components in fig. 10 where it appears with three thin-film devices 11; 

20 12; l3 and the interface area 4 provided in an edge portion of the thin-film 
devices. The apparatus in fig. 10 is shown with the use of a substrate· 13 
which comprises not shown active electronic circuits and an interface 15 and 
also forms the I/O interface 12 for the whole apparatus. The use of a 
substrate 13 of this kind in the apparatus according to the present invention is 

25 however no condition, and the stacked configuration of the thin-film devices 
1 may just as well be provided on a passive carrier substrate only, for 
instance formed of a foil-like material or a rigid material such as silicon. 

The embodiment in fig. I 0 has similar features to corresponding 
embodiments as shown in the above-mentioned international patent 

30 application PCT/N098/00185. In !pis patent application are disclosed in 
more detail matrix addressable memory means which will be suited for use in 
the apparatus according to the invention and it is also disclosed how circuits 
can be realized in stacked thin-film layers and with three-dimensional 
topology. This can for instance concern diodes, transistors, complementary 

35 transistor circuits and logic gates realized in thin-film technology, something 
which, however, shall not be discussed in more detail here. It is also to be 
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understood that memories in the separate thin-film device can be configured 

as one or more. of a i:iumber of memory types, .viz. R,AM, ROM, WORM, 

ERASABLE or REWRITEABLE or combination~ ~f such memories. Also 

this is disclosed in. detailin the above-mentioned p,tent application and shall 

5 hence notbe further. described here. ·· 

Each thin-film device 1 in the apparatus according·,~ the invention can be 

built upon a propriet~ry separation layer 16 before the joining into a stacked 

configuration takes pface. The separate sublayers in :a thin-film device 1 can 

have a thickness well below 1 µm, for instance down to 0.1 µm, which 

10 implies that a thin-film device I provided on a carrier substrate or a substrate 

which well could c01!espond to' the separation la ye~ 16,° together with this 

will constitute a component with a thickness of for instance 20 µm and may 

in that case comprise up to 100 sublayers,somethfng.which will be sufficient 
. . . . . . . 

to realize relatively 'complicated electronic circuits .~n thin-film technology 

15 and simultaneously.allow that tens of separate mem9ries 3' can be stacked in 

each memory area 3; With a memory ·cell size of I µin2 can then for instance a 
single memory of 1 cm2 comprise I 08 . memory cells 'of this kind and 

consequently store at least 108 bit. A thin.;film de~ice the size of a credit card 

'' size will for instance comprise 40 such·separate.Iilemories and hence store 

20 ·· 0.5 Gbyte. When th~ntheapparatus which fol-instance can be implemented· 

as a PCMCIA-Jike card with l mm thickness, can comprise 100 stacked thin­

film devices, it will be seen thatthe apparatus can store 50 Gbyte within the 

· conditions given by the form factor. Further storage' capacity can be obtained 

by better exploitation of the real· estate of each thin~film device, that is 

25 increasing the dimensions of the memory areas 3, but also by a reduction in 

the size of the separate memory cell, as a size of at least down towards 

0.25 µm x 0.25 µm seems realistic. In that case the storage capacity 

straightforwardly could be increased to 800 Gbyte, and.it will be seen that 

the apparatus according to the present invention thus realized might 

30 implement a mass Storage device or a hard disk repl~cement which could be 

used in most of today's personal computers or workstations. 

Under the conditions which follows from a given data storage density, it 

would be seen that the total data storage density will be given by the form 

factor, the area and the thickness of the apparatus. Basically and practically 

35 scaling to a design storage capacity will take place by using a sufficient 

number of thin-film devices. Integrated in for instance a PCMCIA card type 
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3, the apparatus according to the invention could then replace a conventional 
hard disk memocy'\Hi·'tbe card. Where a given starttl~d does not place 
restrictions on the dimensions, could the apparatus according to the invention 
replace existing hard disk solutions in for instance personal computers and 

5 suitably scaled offer mass storage capacity in the Tbyte range. 

Finally it shall be remarked that even though the apparatus according to the 
invention is realized in planar stacked configuration, it may also be thinkable 
that the stacked configuration has been· formed with deviant geometries. As 
the thin· films are made in a flexible material and if a substrate with active 

10 circuits and based on inorganic semiconductors is not used, but for instance 
only a flexible carrier substrate in a form of foil-like material, it is thinkable 
that the whole apparatus for instance may be rolJed up into a cylinder or pipe 
like configuration if this was advantageous for the purpose. In any case it is 
evident that an apparatus according to the invention realized in flexible 

· 15 materials can be incorporated in other objects where the requirement for 
planeness or stiffness no longer is unavoidable and hence be used for· 
implementing applications in completely different circumstances than those 
which are regarded to fall within the scope of conventional computer 
technology. 
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PATENT CLAIMS. · 

I. ScaJable data processi~g apparatus, partic~l~fly a data storage 
apparatus, comprisi~g one or more thin-filni devi~#~ which form a 
substantially planat layer generated by a number Qf~ublayers of thin film, 

5 wherein the sublayers ~f thin film comprise electrl~~l isolating and/or 
conducting and/or semiconducting structures and ·s~:i.ictures with information 
storage capability realized in a thin-film material :in ·a sublayer, wherein the 
structures register with or contact electrical1y oth~r structures of this kind in 
adjacent sublayers for realizing active and passive electronic circuits 

l O elements or logic cells in the thin-film device, wherein the active and passive 
circuit elements in a thin-film device are realized with a three-dimensional 
architecture and extend through two or more subl~yers, wherein the circuit 
elements are electrically connected by horizontal electrical conducting 
structures in one or more sublayers and vertical electrical conducting 

ts·· structures extending through one or more of the sublayers, and wherein two 
or more thin-film.devices are provided as an integrated stack of the 
substantially planar layers which form the thi;.•film c1evices, such that the 
apparatus forms a stacked configuration, characteriz~d in that each thin-film 
device comprises one ore more memory areas whic~ form one or more matrix 

20 addressable memories, each with a memory medium in a sublayer in contact 
with a first electrode set in the form of stripe-like paralleJ electrical 
conducting structures or electrode stnictilres aild a second electrode set in the 
form of corresponding electrode structures oriented substantially orthogonal 
to the electrode structures in the first electrode set, the electrode sets 

25 respectively being provided in respective further sublayers adjacent to said 
sublayer on each side thereof, whereby addressable memory cells are created 
in the memory medium at the crossings between the electrode structures in 
the first and the second electrode set, that each thi~~film device further 
comprises circuit areas which form electronic thin.:.fi]m circuitry for 

30 controlling, driving and addressip.g the memory cells in one or more 
memories, said electronic circuitry being connected with electrode structures 
in respective the first and the second electrode set in a memory over current 
paths which are formed as electrical conducting s'tnlctures in substantially the 
same sublayers wherein the electrode sets are provided, and that each thin-

35 film device has a respective interface to every other thin-film device in the 
apparatus, said interfaces being realized with communication and signal lines 

I If Ill~ HI~ 11~111, 11 IJll 
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and supporting circuitry for processing which extends vertically through 
respective dedicat~ii'interface areas in the thin-till\iiidevice. 

2. Apparatus according to claim 1, 
characterized in that the memory medium in one or more memories comprises 

5 materials selected among molecular materials in the form of monomers, 
oligomers or polymers, carbon-containing materials in·inorganic or organic 
form, or a juxtaposition or mixture of such materials. 

3. ApparatUs according to claim 2, 
characterized in that the memory medium comprises a memory material 

IO which in a memory cell provides a non-linear current/voltage characteristic, 
said non-linear current/voltage characteristic being generated by inorganic or 
organic diodes or a threshold-switchable material. 

4. Apparatus according to claim 1, 
characterized in that the memory medium comprises a switchable material, 

15 said switchable material being a non-volatile material, selected as 
respectively a ferroelectric material or a charge transfer organic complex. 

20 

5. Apparatus according to claim 1, 
characterized in that the memory medium is switchable and has a non-linear 
current/voltage characteristic. 

6. Apparatus according to claim 1, 
characterized in that the electronic circuitry comprises inorganic and/or 
organic semiconducting materials. 

7. Apparatus according to claim l, 
characterized in that the interface areas in one or more thin-film devices are 

25 provided integrated in an edge portion of this or these, said edge portions in 
the latter case registering mutually. 

8. Apparatus according to claim 7, 
characterized in that the interface area in an edge portion additionally 
comprises an 1/0 interface for the respective thin-film device or optionally 

30 the apparatus as a whole, and implements functions for data and signal 
communication with external and/or peripheral devices. 

9. Apparatus according to claim 1, 
characterized in that the thin-film device or the stacked configuration of such 

' 1111111 111111 11111 fllll If 1111 . * C l M S * liiU~liii1f 
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devices is provided on a substrate which comprises active electronic circuits 
for implementing additional control, driving and communication functions in 
the apparatus, each thin-film device being connected with a circuit over a 
separate interface area which in each case extends vertiCally through the thin-

s film devices which are located between a thin-film device in question and the 
substrate. 

10. Apparatus according to claim 9, 
characterized in that the substrate comprises an interface portion which 
extends substantially horizontally in the substrate and parallel to and adjacent 

10 to the thereabove provided thin-film device and \\'.hich is electrically 
connected with the interface portions in thin-film device or the thin-film 
devices provided above the substrate. 

11. Apparatus according to claim I 0, 
characterized in that the interface portion further ~omprises an 1/0 interface 

IS for the apparatus as a whole, said 1/0 interface implementing functions for 
data and signal communication with external and/~r peripheral devices. 

12. Apparatus according to claim 11, 
characterized in thatthe substrate is made in a semiconducting material, 
particularly an inorganic single crystal semiconducting material and even 

20 more particularly such a single crystal semiConducting material of silicon. 

13. Apparatus according to claim 12, .. 
c h a r a c t e r i z e d in that the electronic circuits in the substrate are 
realized in CMOS-technology. 

14. Apparatus according to claim ·10 and claim 13, 
25 characterized in that electrical connections between the electronic circuits in 

the substrate and its interface portion or over this interface portion to the 
interface areas in the above lying thin-film devices are realized as CMOS­
compatible metallic interconnections. 

15. Apparatus according to claim 1, wherein the apparatus comprises two 
30 or more thin-film devices, characterized in that the thin-film devices are 

substantially conformal in the plane and provided mutually registering in the 
stacked configuration. 

' 111111111111111111 11111 \I 1111 
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16. Apparatus 'f~~:?rding to claim 15, ·> ,. , 
characterized in tliaf''one or more separation layers are provided interfoliated 
between adjacent thin-film devices and implementing either separately or in 
selected combinations respectively an electrical, thermal, optical or 

5 mechanical isolating function or planarizing function, said interface areas in 
the respective thin-film devices in each case being electrically connected 
over vias in a respective separation layer. 

17. Apparatus according to clai.m 1, wherein the apparatus comprises two 
or more thin-film devices, characterized in that the thin-film devices are 

10 provided mutually staggered in the stacked configuration. 

18. Apparatus according to claim 17, 
characterized in that one or more separation layers are provided interfoliated 
between adjacent thin-film devices and separately or in selected 
combinations implement respectively an electrical, thermal, optical or 

15 mechanical isolating or a planarizing function, and that separation layers only 
are provided in the overlapping portion of two adjacent thin-film devices, the 
interface areas of the respective thin-film devices being provided above 
exposed surface portions of the thin-film devices in staggered area thereof, 
such that the separation layers _between the thin-film devices form an 

20 unbroken layer without vias for electrical connections between the separate 
thin-film devices. 

19. Apparatus according to claim 1, 
characterized in that the apparatus is provided on a carrier substrate formed 
of a foil-like material or a rigid material such as silicon, said carrier substrate 

25 in each case bei~g provided adjacent to the lowermost thin-film device in the 
stacked configuration or an optionally provided substrate with electronic 
circuits. 


