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more such layers and/or in layers formed with a selected number of

processors and memories in selected combinations. In each layer are provided

20  horizontal electrical conducting structures which constitute internal electrical
connections in the layer and besides each layer comprises further electrical
conducting structures which provide electrical connections to other layers
and to the exterior of the data processing device. These further electrical
structures in a layer are provided on at least a side edge of the layer as

25  electrical edge connections and/or preferably as vertical conducting
structures which form an electrical connection in the cross-direction of the
layer and perpendicular to its plane to contact electrical conducting structures
in other layers. Particularly the layers may be formed of a plurality of
sublayers made of organic thin-film materials. Some of all layers or sublayers

30  may also be made with both organic or inorganic thin-film materials. A
preferred embodiment of the data-processing device according to the priority
application is shown in fig. 1. Advantageously are here processors and
memories, the latter e.g. RAMs assigned to the processors, provided in one
and the same layer. A processor interface 3 with an I/O interface 8 is

35  provided on a substrate S and above the processor interface 3 follows a
processor layer P; with one or more processors. Both the processor interface
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processor layers MP there is provided a memory interface 1 with an I/0
interface 9 to external units and above the memory interface 1 follows
memory layers M,, Ms, ... in as large number as desirable and possibly
realized as the mass memory of the data-processing device. These memory
25 layers , M, M; etc. are in their turn connected to the memory interface 1 via
memory buses realized as vertical conducting structures 2 through the layers

M, M;, ...

The integrated data-processing device has a scalable architecture, such that it
in principle can be configured with an almost unlimited processor and

30 memory capacity. Particularly can the data-processing device implement
various forms of scalable parallel architectures integrated with optimal
interconnectivity in three dimensions.

In addition to comprising random accessible memories, the storage unit of
the data-processing device shall also comprise memories in the form of
35 ROM, WORM or REWRITEABLE or combinations thereof.
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account for a significant fraction of the DRAM die area. More importantly,
existing DRAM designs to date have not proven scalable to a 3D stacked

15 architecture. By their design, high density DRAM’s are also inappropriate as
ROM memories. The conventional NOR-gate based ROM requires a nominal
cell of 70A* (though again reduced by processing tricks) limiting densities to
<10® bits/cm® under even the most aggressive lithography assumptions.
Higher densities can only be achieved through the use of both dense metal

20 designs (minimum metal pitch) coupled with 3D integration. Technically and
commercially viable devices of this type have as yet not been forthcoming,
although the enormous commercial potential has prompted a great deal of
R&D efforts by the electronics industry, which in term has spawned a
voluminous patent literature.

25 3D data storage: Stacking of thin layers of memory on top of each other to
achieve high volumetric and areal densities has been attempted by using e.g.
lift-off techniques for inorganic thin film circuitry. However, the background
art has led to designs that have proven too complicated or costly to have a
commercial impact. In US Patent No. 5,375,085 “Three dimensional

30 ferroelectric integrated circuit without insulation layer between memory
layers”, B.E. Gnade et al. have disclosed a layered, passively addressed
memory stack based on a ferroelectric memory substance. However, no
concrete information is given, in particular relating to processability in
multiple levels, showing how complete memory devices can be made that

35 include all the required ancillary active circuitry. Several patent applications
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wafer processing, involving e.g. thermal treatment, implantation and etching
20 procedures which are incompatible with the goals of the present invention,

i.e.: low cost and optionally multilevel data storage.

The above-mentioned cited U.S. Pat. 5,375,085 discloses devices based on
passive matrix addressing, but restricted to the Special case of ferroelectric
memory materials. The ferroelectric materials referred as examples in that

25 patent have, however, proven unsuitable in simple passive matrix addressed
memory schemes due to loss of polarization in unselected cells subjected to
repeated partial switching. One- and two-transistor ferroelectric RAM
(FERAM) devices avoid this problem, but have not lent themselves to simple
3D scaling.

30 In U.S. Pat. 5,441,907 “Process for manufacturing a plug-diode mask ROM”,
H-C. Sung and L. Chen discloses a passive matrix addressed ROM where
binary data are coded at each matrix crossing point by the presence or
absence of a diode connection. However, methods describing fabrication of
devices according to the referred patent involve several high temperature
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“REWRITABLE™ shall be used in connection with memory cells where

20 information that has been stored can be exchanged by new information
through an erase/write or direct overwrite operation. Depending on the

. application, this operation may be performed only once, or repeatedly.

It is yet a further object of the present invention to provide integrated data
storage and processing devices where memory structures and device

25 architectures can be created in very dense structures characterized by short,
highly parallelized interconnection paths in two and three dimensions.

Finally, it is also an object of the invention to provide a fabrication method
for a data storage and -processing apparatus based on low-temperature
compatible processes and materials suited therefor.

30  The above-mentioned objects and advantages are realized according to the
invention with a data storage and —processing apparatus according to the
characterizing portions of independent claim 1 and claim 9, as with a method
for fabricating the data storage and —processing apparatus according to the
charactersing portion of independent claim 25.
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described above may be referred to in the following as “low temperature
processing” and “low temperature materials™.

2) Low temperature processing makes possible the creation of memory
modules in one superlayer or a stack of superlayers without damaging
20 underlying circuitry nor other memory layers in the stack. This applies
both to devices based on traditional single é’rystal silicon substrates, as
well as plastic substrates with thin-film active circuitry. (In the latter
case, the short duration of the heat pulse typically used in laser
recrystallization appears to prevent damage to the plastic even at
25 temperatures where a sustained thermal load would cause damage).

3) From 1) and 2) follow a number of beneficial consequences:
- Possibility of stacked layers. Leads to:
- High volumetric data density, and:

- High density, short vertical interconnects, leading to high data
30 throughput:

- Low capacitive and resistive interconnects due to short
distance
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in fact quite and/or above as well as in the same layer.

Vertical interconnections can take many forms; One is penetrating
conductors through vias, in which case the short distances and large areas
available in the stacked concept permit high data transfer speeds as
mentioned above as well as flexible architectures, involving, e.g. staggered
arrangement of vias as described in more detail in connection with a
preferred embodiment below. Vertical interconnections can also be achieved
20 by electrical conductors in each layer leading to the edge of the layer in
question, where they are exposed and can be electrically connected to
similarly exposed conductors in other layers. This may e.g. be facilitated by a
step-wise extension of the edges of the lower-lying layers. Another class of
vertical interconnections relies on contact-less (non-galvanic) communication
25 through the layers. This is possible due to the layered architectures, i.e.
capacitive, inductive or optical coupling between circuits in different layers.

-~
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A preferred design according to the invention is realized as a layered
structure built on a single crystal silicon substrate which contains all active
electronic circuitry. The latter communicates with one or more overlying
30 memory layers through vias. Each memory layer contains low-temperature
processed diode ROM and/or WORM and/or REWRITABLE arrays where
high areal bit density is achieved through the use of passive matrix
addressing. Each memory layer constitutes a self-contained entity and
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15 The driver and sense circuits are preferably fabricated in a standard CMOS
process on single crystal silicon substrate to minimize costs and to achieve
required high data transfer rates. The ROM/WORM/REWRITABLE arrays
are then built above the final metallization layer coupled by vias to the
underlying drivers. The diodes can be inorganic, €.g. amorphous,

20 polycrystalline or microcrystalline silicon, or they can be based on an organic
material such as a conjugated polymer or oligomer. The passive matrix
addressing scheme and the 3D architecture employing the low temperature
diodes provide a dramatic storage enhancement over all existing
ROM/WORM/REWRITABLE designs, at only marginal cost above the

25 underlying CMOS circuit.

For clarity and concreteness, a detailed description of the invention shall be
given below in terms of a preferréd embodiment based on low-temperature
processed poly-Si diode ROM arrays in a stack with four double-layer. The
design can be easily extended for WORM memories applications utilizing

30 either induced explosive crystallization of amorphous diodes or conductance
modulation of interlayer organic films, and to REWRITABLE memories by
incorporating highly functional meinory materials in the memory matrices;
cf. other patent applications belonging to the present applicant, quoted in the
present document.
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memory planes and connecting the latter to underlymg circuitry,

fig. 7 a graph of the access time versus the number of memory block
segments,

fig. 8 a graph of the average addressing power requirement versus the
average block (read) addressing size,

20 fig. 9 vertical diodes in “on” and “off” memory element in a ROM,

fig. 10 vertical diodes as in fig. 9, but fabricated by a self-aligning and
-planarizing process.

The schematic layer layout for a 1 gigabyte (GB) apparatus according to the
invention is shown in fig. 2. Row demultiplexers and drivers, sense

25 amplifiers, and column multiplexers are implemented in a conventional VLSI
CMOS single crystal chip forming the base of the structure. All of the diode-
ROM layers are fabricated after completion of the VLSI circuitry above a
final dielectric deposition and CMP planarization.

The details of the VLSI CMOS circuitry will not be discussed except as it
30 specifically relates to the memory planes. The drivers and sense amplifiers
are essentially identical to those used in conventional DRAM modules and
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process on ®engll dabmigasion. silicon substrate to minimze costs and to
achi eve required high data transfer rates. The ROM WORM REWRI TABLE

arrays Theelectriwil sbhembtiefor eadthpailriofahemetyplaneatis showayarfig.aipl ed by
R R e e N
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st orage enticisrhensediepargliel doy all icofpmn lines. Following read, the row line is :
returned to Vpp potential and the column lines to their quiescent potential
(between ground and Vpp-0.7). The power and speed penalty for the diode
defined memory (compared to a NOR MOS design) is more than offset by the
20 density increase permitted by a row/column dense metal crossing layout. Ina
block-oriented data access device, driving a single row inverter provides data
readout for two columns. Although the speed of each row access may be
limited by capacitive charging, the total data transfer rate is “amplified” by
twice the column length. As discussed further below, the random data access
25 time can also be adjusted by appropriate segmentation of the memory,
something which shall be discussed in more detail below with reference to
fig. 5. '

Independent of the segmentation, the 3D memory layering requires staggered
stacking of the memory planes on the Si die to provide area for the row

30 drivers, sense amplifiers, and peripherial circuitry. This staggered stacking
arrangement is shown in fig. 4 wherein the memory planes are indicated by
the light grey with single-crystal Si blocks defined by darker grey. Each
memory plane pairs is offset both horizontally and vertically to provide
single-crystal silicon real estate for the row drivers (large inverters) and

35 sense amplifiers. All of the row drivers are fed from a common row decoder
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staggered st ggéﬂrg%u%nigarﬂgr%%?ytacggss the reducing the number required by resolving
requests from cache has the potential to dramatically reduce the overall
power even in a random-access mode. For random memory access, the cache
15 would need to still provide some sort of look-ahead predictive reads from
memory to compensate for power and speed limitations on direct access. For
highly block-oriented memory applications, the cache becomes less critical
and the area could instead be devoted to higher order error correction

algorithms to improve die yield and reduce costs.

20 Because of the capacitive loading from the diode elements, the optimal
memory structure of an 8-plane, | Gbit/plane, will not be 32.768x32,768
arrays. Both the row line capacitance (from dielectric and diode elements)
and the column line capacitance increase linearly with the array size. The
row charge and diode current transfer set the power dissipation; the column

25 capacitance directly determines the charge integration time required for the
sense amplifiers. To increase speed, the 1 Gbit memory blocks could be
segmented as shown in fig. 5, wherein the stacked arrangement in fig. 4 is
used for combining several such planes alternating the sense of stacking
between the separate blocks — at the cost of increased driver electronics real-

30 estate. But since large areas of the Si substrate are unused in this design
(remainder dedicated to cache), this cost is not significant. The optimum
segmentation depends strongly on the application — in particular the averge
size of the memory block accesses. In general, smaller segments are
essential, for power dissipation reasons, as the block size drops. Minimum

35 random access speed can also be dramatically improved by increasing the
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latched during data strobe providing a block transfer to the column decode
logic. This would naturally occur within a SRAM cache as part of the
design. Assuming a CD-ROM based replacement, the majority of data

15 accesses will be resolved from the column latch cache without additional row
data strobes. '

Limitations arising from dense vias between device level and the upper
memory blocks could be of concern, but this is not the case since the vias can
be staggered satisfying both design rules for conventional via attach and

20 achieving dense metal wiring density for the memory arrays. Simple
staggering of the vias, as shown in figure 6. illustrates one possible solution.
Vias are staggered up (or across) the die to rigorously satisfy the 2x2A via
size, 1A metal overlap on all sides of the via, 3\ minimum via spacing, yet
maintaining wiring at full dense metal within the memory array itself. The

25 vias will generally be separated further than illustrated to accommodate the
actual required space of the sense amplifier or row drivers. In this layout,
one line in N is lost. To maintain uniform metal density and optimize process
development (necessary to push metal pitch beyond random logic design
rules), the missing line is replaced with a dummy metal line (no connection).

30 The reduced row/column density arising from this stagger approach is
incorporated in calculation results given in the design analysis below.
Although illustrated for a 2A via, the extension to an arbitrary size via for
connecting memory arrays to Metal 1 or 2 is obvious.

With the general layout defined as above, the required die size can now be
35 determined. The memory plane density is limited by memory metal wiring
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20 designs). The table below summarizes results for a | GB design assuming
512 byte average block transfers and a design requirement for 1000 MB/s
total data transfer. The segmentation is the recommended size to balance
access times. with a 100 ns maximum requirement.

Table 1
0.35 um 0.25 pm 0.18 pm

Via size / spacing 0.50/0.45 0.36/0.38 0.24/0.28
Metal width / spacing 0.60/0.50 0.40/0.40 0.28/0.28
Metal via overlap 0.20 0.15 0.10
Dense metal {cells)

width 0.40 0.30 0.24

| Dense metal (cells) 0.40 0.30 0.24
spacing
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5 manufacturable, but a 0.5 GB array is within reason. The only caveat on
0.35 um technology is that the upper level metal planarization must be
implemented as a CMP process to provide the planarity required for dense
metal on upper layers.

Memory speed and power dissipation shall now be considered in relation to
10 design and operating parameters.
Design parameters: For the purposes of this design example, the following
approximations were used:
e Row and column line parasitic capacitances will taken as equal to
the direct capacitance
15 ¢ Interlayer dielectric is 300 nm of SiO; equivalent
e Metal line conductivities are 0.07 Q/O
e Sense amplifier minimum threshold is 10 mV
e Diode transconductance is 10° A/cm? for a 1V forward bias
e Diodes are one-sided junction with 400 nm depletion width at zero
20 bias (10'7 doping)
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As evinced by the graph of fig. 7, the access speed is only slightly dependent
on the lithography rules, but strongly depends on the segmentation size.
20  There are decreasing returns above 16 segments for the array.

Power dissipation: The primary design parameter influencing the power
dissipation is the average size of the block transferred in each read. As long
as the read request can be resolved out of the row read cache, the power
required for charge and sense amplifiers can be averaged over a large number

25 of read cycles. But if the access becomes random requiring a row charge
cycle for every access, the power requirement will grow substantially. The
graph of fig. 8 illustrates the estimated power requirement as a function of
the average block read size with a sustained data transfer rate of 1000 GB/s.
For this purpose, the four-segmented 0.25 um design was used. Note that the

30 scale are logarithmic. As long as the average block size remains above a few
hundred, the power dissipation is determined by the intrinsic transfers. As
the size drops though, additional row reads are required and the power rises
inversely with the block size.
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configuration present in today’s technology. The isolation diodes in either a
ROM or impedance controlled RAM devices are fabricated directly on the
row/column metal as indicated in figure 9. The memory cell on the left, for a
20 ROM, is “on™ while the memory cell on the right remains off. In the simplest
configuration, the only difference between memory cells is the presence or
absence of a cut in the interlayer dielectric patterned over the diode material.
Several specific fabrication technologies will be discussed, beginning from
the most complex using present manufacturing technology to those involving
25 only more esoteric processes.

The fabrication of vertical diodes by directed energy processing shall now be
discussed with reference to specific processing examples.

Example A -Fabricating diodes directly on metallization with polvmer/low
temperature substrates

30 Common to all fabrication strategies is the formation of a p-n junction diode
in the vertical orientation directly on the dense metal line array forming the
row or column lines of the memory. Transient thermal processing,
specifically pulsed laser or ion beam, is the preferred method for fabrication
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polycrystalline pn junction diodes. The energy density is chosen to
achieve full or nearly full melt of the silicon film resulting in nucleation
15 from the metal layer. This will result in large grain (>50 nm)
polycrystalline diodes with the junction near the original p-n deposition
boundary.
v. Mask and etch of the lower level row lines, followed by conformal
deposition of interlayer dielectric (SiO,).
20 vi. Patterning of contact level defining “on™ and “off” memory cells.
vii. Column metal deposition and pattern/etch.

Example B - Modification to utilize explosive crystallization
The fluence required for crystallization in (iv) above is determined by the
film thickness. The crystallization may alternatively be done using the

25 explosive crystallization (M.O. Thompson, Phys. Rev. Lett. 52:2360 (1984)
method requiring only the formation of a minimal surface melt. The enthalpy
difference between the amorphous and crystal phases will drive the melt
through the film with minimal net thermal impact on the lower metal layer.
The resulting diode layer is a mixed amorphous/polycrystatline phase but

30 retains sufficient current density (100 A/cm?®) for memory isolation
applications.

Example C - Modification to use Schottky diodes

Instead of deposition p and n films for a junction diode, the process may be

modified to fabricate Schottky barrier diodes directly with the lower metal
35 film. This modification involves the deposition of only an n-type film,
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single film deposition. The partial melting and incorporation of the

impurities from the metal or metal overcoat, followed by liquid-phase

diffusion and potentially segregation during crystallization, will form a p-n

junction as well. The position of the interface is controlled by the
15 crystallization dynamics and can be controlled by fluence modification, again
primarily in the explosive crystallization regime.

Example E - Modification to use germanium _

All of the above methods work equally well with germanium as for silicon.

Although germanium polycrystalline diodes may show higher leakage, this is
20 offset by the 450 K reduction in all of the liquid process temperatures.

Although transient, the molten phase is nevertheless extremely reactive.

Example F - Metal selection
Aside from the modification disclosed as example C above, the primary
requirement for the metal is to minimize interactions with the molten
25 semiconductor during solidification. Candidate metals then include the
refractory metals such as tantalum, tungsten, and platinum, mid-transition
metals including Pd, Mo, Ni, Co or Cr, current diffusion barriers such as
TiN, and terminal silicide phases such as NiSi,. All of elemental metals form
stable silicide phases and moderate reaction is expected with the liquid Si or
30 Ge. Use of a stable silicide would minimize such reactions; however, since
the silicides are adequate conductors as well, formation of a thin silicide is
generally not a problem. Formation of a well-defined silicide is required for

implementation of the modification given as example C.
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minimize the feature heights. The process flow in this case would be:

i. Deposition and patterning of the metal for row lines. This would be fully
etched and planarized with dielectric between metal lines.

ii. Uniform deposition of n and p amorphous films (or single layer via

15 modifications discussed above).
iii. Deposition of contact dielectric plus thin metal reflector layer (Cr or Al).
Pattern etched leaving vias where diodes are to be formed.
iv. Laser irradiation through the patterned film. Only in the vias wilt
sufficient energy be absorbed to initiate crystallization of the silicon
20 (explosive or full melt).

v. Metal deposition for the column lines. (The reflector film, if of
compatible metal, need not be removed prior to deposition — it can be
etched simultaneously). Column lines patterned and etched.

vi. Dielectric deposition and planarization.

25 In this process, the alignment of column metal with alignment vias is relaxed.
Misalignment cannot result in short-circuiting of column to row since the
underlying metal is fully coated with amorphous silicon. The conductivity of
the amorphous Si must be maintained sufficiently low that crosstalk between
row lines is insignificant. This is easily achieved using very lightly doped a-

30 Si films with the diode formed by incorporation of dopants from the
underlying metallization (Example D above). — For the resulting diode
structure, reference may be made to fig. 10.

In another modification, a long wavelength laser is used to initiate
crystallization rather than using a short wavelength (excimer laser) as the
35 irradiation source. At 1.06 um (the Nd:YAG wavelength), amorphous Si is
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I npl ementation o accor di ni e present
i nventi on ra@tha@gns ﬁ%hls g:pp@hxeygd'@y starting out with passive matrix arrays

15 where all crossing points exhibit rectifying diode behaviour initially. Writing
to a given crossing point is achieved by creating an open circuit, i.e.
destroying the forward conductance of the diode.

In one class of embodiments, the matrix array is made by sandwiching a
conjugated polymer between the two sets of parallel electrodes that

20 constitute the passive matrix, with electrode and sandwich materials selected
so as to create spontaneously a rectifying diode at each crossing point. The
associated physics has been thoroughly investigated and described in the
scientific literature. Writing to a given crossing point is achieved by one of
several methods. The most straightforward one, but not the only one, is to

25 create thermal damage by a short but intense current pulse through the
polymer material at the crossing point, causing a spatially controlled
reduction of the conductance, or an open circuit. Descriptions of suitable
materials and geometries have been given in the following patent
applications controlled by the present applicant: Norwegian patent

30 applications NO972803 and NO973390 and applications derived therefrom.

While reading is performed at low bias in close analogy to the preferred
embodiment discussed under Section 4 above, writing requires higher
currents and a different pulsing protocol. Thus, the temporal profile of the
energy dissipation at the crossing point must be closely controlled in order to
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and linked to instructions derived from the ROM., causing faults in the

memory device to be circumvented or corrected. This is implemented in a

20 fashion which is transparent to the user, apart from a possible latency. In this
manner, the manufacturing yield can be enhanced.

A direct extension of the above-mentioned devices which may or may not
combine different types of memory is to include processing power into the 2-
and 3-dimensional architectures. Thus, distributed processors (including but

25 not limited to microprocessors) with fast and direct access to dedicated
memories in close physical proximity shall provide provide speed and
flexibility not attainable by processor/microprocessor architectures based on
traditional silicon wafer technology. For a more thorough discussion of these
and related themes, particularly integrated memory and processing structures

30 in a scalable architecture, reference may be made to Norwegian patent
application NO 982518, wherefrom the present application derives priority
and the computer literature in general.

As is apparent, the present invention provides extension of the ideas and
concrete embodiments in the above mentioned literature, through novel
35 architectural solutions as well as through the use of materials and processes
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crystallization The fluence required for crystallization in (iv)
above is determ ned by the filmthickness. The crystallization may

alternatively be done using the



25 expl osive crystallization (MO Thonpson, Phys. Rev. Lett. 52: 2360

(1984) "Wbhegshequi ring only the formation of a m nimal 6’&1@@@
The ent hal py di fference between th&3anorphous and crystal Q
drive the nelt through the filmw th mniml net thermal inpact on

t he | ower netal The resulting diode |ayer is a m xed

anor phous/ poPME}Mi{ﬂlAWSDhase but 30 retains sufficient current density
(100 Afcnferr]) for nenory isolation applic ons Exanpl e C -
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WD 99/ 63
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Si 1 ¢i de phagdRaPe¥aderd?hid Whorein the nifihbly o amés%dvr&t@.l EQEhact . This

nodi fication 1's nos frate osl ve cCr |za|onto
i ni m ze themqwqmme@ﬁ rxgglmduaygﬂ eRmBWNiGate mrough viagysush acmy ge

Exanpl e D - B&%Jctﬁﬁ% hfiEh bfhe%% Boley&sfaharw&n%lﬁﬁmjf e&ﬂaa&bn or in the
El ectri (?Ily ctive gwntsc e Tncorporated into the netal

el i mi nat{ ng $URSURAN cxen. 5t3@PPWH%°%‘PPﬁSﬁ$1€Fth§ mpgper(@tlglglge ?(]?mhnd
N apPuansistdors hn&/o@Qﬁbdmfo@fopammg the@l’pﬂ&%tﬁ@ ehafuctet@dtiarnhat

metal | i zation,, or, an d % Clﬁ Fal ni P‘ﬁ}’ rg(g(?r arseni c, can row de
conpensat i ng %ﬁ?tns@“?%a% at flos Uithe, ransistqrs GBARE 4ipdes ToFpesating e el ti ng
and i ncor por appavatusfare peovided on omiptthetsubstrdteom t he netal or netal

overcoat, followed by Iiquid-phase di ffusion and potentially

segregation guringp ﬁéﬁéﬂsagddo;g;ngqg clffm i, forma p-n junction as
wel | . ﬁe posi tion of I nt olled by the 15
z

coO
cryst al 13 zat FRAHacly H&ﬁﬁi 3 ﬂsmcpti%s‘t @@Q{Bﬁap&tﬁ%aqutﬁ QRN fi cati on,

again semxconductmg materials in doped or undoped form provided in bulk or as
' thin film on a passive carrier, and where the semiconducting materials are
selected from one or more of the following, viz. silicon, gallium arsenide and
germanium in amorphous, polycrystalline, microcrystalline, bulk or
20 process-defined single crystal form, or organic semiconducting materials
including molecules, oligomers or polymers or combinations thereof,

3. Apparatus according to claim 1,
characterized in that the circuitry provided on or in the substrate is realized
by one or more of the following technologies, viz. CMOS, NMOS or PMOS.

25 4. Apparatus according to claim 1,
characterized in that the circuitry provided on or in the substrate comprises
one or more cache memories in the form of SRAM, DRAM and/or
ferroelectric RAM (FERAM).

5. Apparatus according to claim 1, characterized in that it comprises
30 thin-film circuitry.

6. Apparatus according to claim 1,
characterized in that the circuitry provided on or in the substrate comprises
processors for detection and correction on memory errors and defects.
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prinmarily in the explosive crystallization regi ne. Exampl e E -

Modi fi cati okyg svéd88 ger mani um Al of the above net hodecveodonemsial |y
wel | with germaniumas for silicon. 24 Al t hough ger mani um

pol ycrystal line di odes may show hi gher | eakage, this is 20 offset by the
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solidification. Candidate netals then include the refractory netal s

such as taht al Uhpparatissacaerdingdopslaim dy ghasacterizeshin thap the circuitrygt 4 s
i ncl udi ng fr@vld@!‘ ox'l\"o xﬁj‘?hé’EulgtratE'ébfx?i‘iseQ' fréé@s's@f!; ﬁﬁfdynﬁhﬁcﬁﬂyh as
Ti N, and t'erm na es su

as N S el enenfal netals
form remappens the memery TBAGUIES 18,98 AU B PIRERE Bboct o i ¢ h
the |iqui difgtingés ereof. Ge. Use of a stable silicide would mnimze such
reactions; however, since the silicides are adequate conductors as

wel I, forrgti Orb?ﬁfa] ﬁgf% n? éﬂolcé g%%Pgaratus s | regi@dg/a MNPaR&Bﬁ" em

For mat I on Oof a we | np| enent ati on

of the mdMORM aw%umww@abmmry modules and/or dafgopyogessug;

PCT/ NgP9/ QQb8idies o él a substrate, wherein the memory and/or processmg mébdules are  For
sel f-alignnment an anari zation o

|ode certaln p essing nmay be
i nt r oducedprovided as SITII&IF prade daye rd’é%‘l‘ﬂi’éﬁ n;eHn Y08 ¢ Rpaﬂfgt\i‘s ﬁ"’g’ ga

convent i On@heﬁ@ﬁbﬁ&m&mhqayer ofa meﬂﬁ&t‘y&ﬁadﬂ& aml/oi danagpmesmﬁgen@daﬁel ay of
the contact nask th und net al IlzafSi addition, the

etch proceS¥BR¥% é‘@ﬁﬁ?‘é@ %g? W&EQ‘H" the e L b’?eéssaqtﬂgf must be
pl anari zeokiafta:pretessmgi nidules Rgeash main ldyeecommunieate throughi @fas;r] - 10[ err]

di T 1 erenceg ] &g levclotrﬁllett?t‘?n!;f{ge GUPRnYF aih Fhydrd GndRFi R ECRRRYS
provided on or in the substrate, and wherein the apparatus comprises active
components in the form of transistors and/or diodes for operating the
apparatus, characterized in that at least some and at most all of the layers on
the top of the substrate comprise low-temperature compatible organic

20 materials and/or low temperature compatible processed inorganic films.

10.  Apparatus according to claim 9, characterized in that the inorganic
film material is silicon, silicon compounds, metals or combinations thereof.

11.  Apparatus according to claim 9, characterized in that at least some and
at most all of the layers on top of the substrate contain circuitry with
25 transistors and/or diodes.

12.  Apparatus according to claim 9, characterized in that at least one of
the layers comprises memory modules with passive matrix addressable
memory elements defined in a memory material at the intersection between
electrodes of a first set of parallel electrodes provided on a surface of the

30 memory material and a second set of parallel electrodes provided on the
opposite surface of the memory material and in intersgcting relationship with
the first set of electrodes, the memory elements being realized as non-linear
impedance elements at the intersections, and that the elements in order to

improve the addressability thereof each are provided with a logic value given
R S
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phase can be used to devel op self-aligning diode definition patterns and
si mul t aneousl| ywedsksss3# pl anari zation issues. The primary nodi rﬁ’ﬂs r
10 this node is to | eave anorphous phas®d material in the |ntlJer 0699@0{8?
regi ons and m nim ze the feature heights. The process flowin this
case would b i osition and patterning of the netal for row
lines. This %dtﬂlbelﬁétﬁ"@l Eppe Rance parametar Qf; eaihﬁinWaW&qu?id’WFW theel ectric

bet ween net alinlerstiReing electroddst:;: Uni form deposition of n and p anorphous

films (or single layer via 15" m)dl ficati ons "di scussed above)

1ii. Depositi no { (Cr
or Al). 13 p%’%g{tgglt;c%ert 'ﬁé{@ﬁ{: ?Jéatsh ere O’ﬁ odfehs% xgén l?%%rb

f ormed. 1mpcdandgademen18r%rmracthfynng mmg:ghnadteoﬁanc er rﬁbfdfﬁliwnng)nl y in

the viasswil !materl s, yiz. sﬂ?&H ggﬁﬁ PG af) i E?B'ﬁgﬁl}&ﬁplr; ?m'o?ﬁﬁd

crystall | zation o osive or I)
v. Metal dep@@ixqmﬁaﬂme, érq,c(systnhme, Rulk or meﬁeﬂpﬁapéﬁmglq: erystal form,

conpati bl e ”%telr%aﬂte%énﬁ«%nmtxhgrmyeﬁaw intudifig ‘i'@cﬂ@élhl%koéh om&rSC@rn b
et ched si nul t aneousl ines patter ned and et ched )

Dielectric dﬁﬁbémﬁlisﬁ 1BFHﬂ%5r$hz°£ n. 25 I'n this process, the
alignment of colum netal with alignnent vias is rel axed. i
M sal i gnment l4anndippacatus acéardirtpra claimdai, charpctdrized! inrthat thermon-tineare t he

e 109, 5 Ao 18 ORGSR

crosstal k bemeéelnals viz. silingn, galBim gryenddeand geemmunmrsamgrrdmm y achi eved
using very 'Eg(l;s?clr%tgﬂﬁﬁd nﬁcro%%mame Bhlwﬁr gt&cfasg-aeﬁﬂwgﬁxgt@emmm

i ncorporatio dopant$ from l'ying metall(zati'on (Exafple D
above). - FoPf ORgANIESEMicangdugtipgdnaterials reshtdé@gm@ ePEESrAIgAMEOThe made to

fig. 10. polymérsdtUoneiinalehs theaddfon, a | ong wavel ength laser is used to
initiate crystallization rather than using a short wavel ength

\(Ngég: gﬁf > Ih;atseg ) aﬁﬁggf'atg?accdrﬁfr&dtoaﬂhﬂﬂ 95 QUL R terf¥edlindfat EadH BGid Wy dAC
J is segmcnted into two or more juxtaposed segments stacked on the top of

similar segments to form two or more juxtaposed stacks on a common

substrate and wherein a part of each segment in each stack is connected to a

portion of the substrate and communicates electrically with circuitry provided
20 thereon.

16.  Apparatus according to claim 9 or claim 15, characterized in that the
main layers are stacked on the top of each other in a staggered arrangement
such that each memory array in the stack is connected to a portion of the
substrate and communicates electrically with circuitry provided thereon.

25 17.  Apparatus according to claim 9, characterized in that a plurality of
throughgoing electrical conductors or vias providing power and signal
connections between the main layers and between the latter and the substrate
is distributed laterally in a staggered arrangement.

18.  Apparatus according to claim 9, characterized in that a portion of the
30 substrate underlying one or more of the layers on the top thereof contains
active circuitry which is electrically connected with one or more of said

NI B

overlying layers.
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PCT/ NO99/ 00 1\ Q 99/63527 sufficient I y tégnspar ent that the epetginesadisPe
transmtted through the anor pho filmand absorbed only by the
underlying netal film This netal then initiates the explosive

crystallizatjon (or f The .adyan I s, node.i s that
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menor y5and 2¢at a Apm&ﬁsl awoﬁdiﬁgrtatcﬂ@mﬁgﬂcharactenzmddnlthat atjeadErvid 6ned in
the introdygtion. brlei I scussi.on of g y greferred
enbodi nent gﬂ}ﬁlf‘ MNP aele%ﬁomprlses a ° I'c ra?%lﬁmneglfl Pes descri bed

above can #leurdmcadadtasavélbas WpEbhal sense edq:rptmmas consect@ditberewithchi eved by
startlngo{“w h(ﬂiéﬁ'ﬁ) V& trix arrays 15 where all crossing points
exhibit rec ;ﬁthng aviour initially. Witing to a given
crossing p I s achieved b crea i.ng_a en circul

destroying he ARRMRsacsardingte s "b‘fn 9h&1ﬂaﬁﬁélzed m t{'nat ‘Ftnleéﬁemlﬂ afs of

enbodil 0ent she MemoBt fioduids'iay maskEIROM dronpiitericd R @M. conj ugat ed
pol ynmer between the two sets of parallel electrodes that 20 constitute

the passiveomat iq ar&‘hfsrac%b%hg‘i?% ﬁﬂ%sgﬁ'ﬂﬁkfé?niéﬁtzﬁrthﬁiétléﬁéte&{eel?f SO
as to create sportaneous I ode at each crossing point. The
associ at ed tbwsqre@rmgdwémtahw ly investigated and descri bed in the
scientific literature. Witing to a given crossing point is achieved by one
of s&der alApmrausaccdidingvs telam 8j gidractentred inrtbat atueastodng 6 onl y

one, is tO0gamemb foﬂuié%eé Tisk REGORY cB1IS P the REWRTTRISSL £Y i’gnt pul se
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t hrough t he Crossi ng pol causin

spatiakly ntr of the conduta e, _Oor an o .
ci rcufillls Dég'crl §t“8fa°§97‘ﬁ3%ﬁ% c?axm& thararierzs dﬂgﬁ YeRfe LT M have been -
gi ven in t meethohy I_!mdtugespeﬁmptlsmg at leagipl cambimationcafitwoHiffereny nidmeoryr esent
appl i cant : JNOIWGOIH3FoRA! F'ROM, WORM and REWRITEABLE are integrated into

at least one main layer in a stack.

25. A method for fabricating a data storage and processing apparatus

20 comprising a ROM and/or WORM and/or REWRITEABLE memory modules
and/or processing modules on a substrate, wherein the memory and/or data
processing modules are provided as a single main layer or multiple main
layers on the top of the substrate, wherein each main layer of a memory
module and/or a processing module comprises functional sublayers wherein

25  the memory modules and/or data-processing modules in each main layer
communicate through wires, surface or edge connections with the main layers
and circuitry provided on or in the substrate, wherein the apparatus comprises
active components in the form of transistors and/or diodes for operating the
apparatus, and wherein the memory and/or processing modules are provided

30 on the substrate by depositing the main layers and the functional sublayers
thereof in successive steps, the method being characterized by depositing
and processing said layers under thermal conditions that avoid subjecting an
already deposited and processed underlying layer or layers to a static
temperature exceeding a value in the temprature range of 150-450°C or

R




30 appl i cations NO972803 and NO973390 and applications derived
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sel f - di agnosiictudinggeasiive ion aragos etohingfchemg-meghanical polishingnipmnd

qual i ficati opnflaRGEdA’ 8ad/o? c%ﬁ&ﬁinﬁlﬁm}éofpgﬂm&ﬁh'gm déposhiely 1hyer by
activated to identify faults in tg(f menory. Results are ?#iored I n the WORM
and |inked tGaRsisHtREaHng Withey pulaed asshPr M sevre dan Syt Ha AR o n t he

nmenory Idevi cdepoRitbé aaidrptoue filwd, Sair esfimghat of idupdsited filpiseamdit ed in a 20
fashi on which is transpar en%. t? t (ta user ﬁgar.t froma Posm bl,e l.atency. In
this incorporation and activation of dopants therein; and depositing molécular,

oligomer or polymer materials for the layers by one of the following

processes, viz. solvent techniques, evaporation, sputtering or other

vacuum-based techniques, or by film transfer techniques or combinations

20 thereof.

26. A method according to claim 25, characterized by fabricating thin film
silicon-based circuitry and transistors by a low-temperature compatible
process using laser induced crystallization and dopant activation of the
thin-film transistors.

25 27. A method according to claim 25, wherein a memory module is realized
as a matrix-addressable memory with isolation diodes, characterized by
forming the isolation diodes in either vertical or planar configuration by
depositing directly amorphous microcrystalline or polycrystallines n- and
p-type silicon or germanium films and depositing directly semiconducting

30 organic thin films of oligomer or polymer.

28. A method according to claim 25, wherein a memory module is realized
as a matrix-addressable memory with isolation diodes, characterized by
forming the isolation diodes by laser-induced melting and solidification of
deposited n- and p-type amorphous or microcrystalline films of inorganic
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manner, the manufacturing yield can be enhanced. A direct extension

of the abovewo®wgisaned devices which may not Cg&?ﬁ@”
different types of nmenory is to incl udei/fbrocesm ng power into 2”)181

and 3-di nensional architectures. Thus, distributed processors (including
but 25 not limted to mcro rocessors&@11 with fast and direct access to
dedi cat ed semicondugiing material r@fytelymwgn YlﬁngWrﬁeﬁf}P"é'ﬁBFP comnatidde pr ovi de
speed and [ayer or lay@gl bility not attainable by processor/m croprocessor
architectures based on traditional silicon wafer technology. For a

"t ogr at ed 206 d"?ffiﬁﬁé’%?s%%siﬁé" slams, Bafaieatd By WG Tiadiie! ' ol ary

ar chi t ect unaderlying kryer omigyes froml ceacsingowikhgthermplier semiconductgmpl i cati on
NO 982518| In!ﬁ“x@ﬁ?f Hﬂﬂhg '&elaEéxeﬁﬁfﬁEe&QPi'ét&liigaﬁBnd@ pgx‘rbgﬁctiﬂfgteﬁfﬁxhyﬁlm and the

conput er e present

I nvention ﬁvsl@@sb@‘klteé-n5| on of the ideas and concrete enbodi nents in
t he above rrent ioned literature, through novel 35 architectural solutions
as wel | as30br ougmethed ascordingas elaiml 28 ,ohdraotedeabby designinyhd9/ 63527

Co ) ement afFASHOR b%twgeﬁno%ﬁ@l&e?sz%q?ﬁé@%&%rlmlﬁé?ﬁ#@ it undbAy g layer or .

09/ 63527 layers to form a stable electpidal conducting compound, such as $#ti¢idé009/ 00181

10 31. A method according to claim 25, wherein a memory module is realized
as a matrix-addressable memory with isolation diodes, characterized by
forming the isolation diodes by laser induced melting and solidification of
deposited amorphous or microcrystalline inorganic film, and forming the pn
junction of the diodes with compensating doping, the pn junctions being

15 realized either from a deposited layer on an underlying metalization or from
so-called autodpoing by using alloying elements in the passive matrix
metalization.

32. A method according to claim 25, wherein a memory module is realized
as a matrix-addressable memory with isolation diodes, characterized by

20 forming the isolation diodes by laser-induced melting and solidification of a
deposited amorphous or microcrystalline inorganic film and forming a
Schottky barrier diode with an underlying metalization structure or a
compound formed by a reaction with the underlying metalization structure.

33. A method according to claim 25, characterized by constraining the

25 laser-induced crystallization within an explosive crystallization regime, thus
requiring only a transient melting of the surface of the film and the formation
of self-propagating liquid film in order to crystallize the remaining volume of
the film.

34. A method according to claim 25, characterized by forming isolating
30 structures from high resistivity or anisotropic contact materials which are
used as an isolation diode in the vertical direction and a non-conductive

interlayer dielectric in the horizontal direction relative to the layers.
—
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PATENT CLAI M5 1. A data storage and processi ng appar at us

cpnpri si ng RO\;W@@/Gggz-, WORM and/ or REWRI TABLE nenory mm nd/ or
processing nodul es on a substratepognerein the nenory pFa/00181

processi ng nodul es are provided 5 as single main layer or nmultiple main
| ayers en top of the substrate, wherein each main | ayer of -a nmenory
nodul e and/ o35pr ogenretinod atsbrinpgconglaing 84, characterizedtbyorealizingobeehs, and

et e SEIRG ML 54 ARSASEBRAGER. Aipes elBBL 7o cBIEAT

ot her mai n | @ayd¢hermaity itidiced madifi catfop ofsaifecbmacting imatarfads.10  substrate

and wherein the apparatus conprises active conponents in the form of
transistors gﬁd/ OA Qieﬂ?&ﬁaéé&dﬁ;%etbaélhﬁﬂ 3§h€h§rﬁ@€&%ﬁ tﬁ@%@ﬁh@élbz@id in

t hat Zh eift sonme_and t nost e translség or, 'di qdes for
operating théhermally inguiged medi laatéorpmna@ GSrrespegtly qQping o

2. Appar at h$glReesistiNing aﬁ@r?ﬁcﬂisfﬁlﬁcorl and ladesinducad fZI?ﬁltallﬁtdthﬁi ofhigheast a

portion of the. sub&(/rate sem conducting materials in doped
or undoped f SPFHRY Pﬁ@&p i‘Ro%r as thin filmon a passive
carrier, and where the sem conducting materials are sel ected from
one or nore &f.thé methadwengprdingto claim 26nwhgeeiniamemore mashile isia

ger mani um i i &%}Hgféssaem hﬁ%fﬁﬁ?%%kth’]?olaﬂbﬁrﬁﬁﬂé’sstcﬁlula'cgﬁxzet&%ff&' gal ]

process:defin e crysta ani ¢ sém con
i ncl udi h§ rmaé&g @in spatia) tedrregmwhsasdhedammpnéﬁf atrnetrr@band

3.  Apparat Hﬁn@]%‘r&rdﬁsl}g f‘d%&ihg'lﬂie%ai 1solat10n051§%€ﬁ ‘ﬁié dRMdel 'bytrﬁéinst &fa

CIrCUItry pI’OVId H or 1n substrate |Is re one O[ nore

of the fol | oWk rnxpe@selgmtm&t edprmatigped Pd@mtwnéﬁo e spatial
Appar at us ac nm@bm@ Ons ol 'fnyylmeans of oﬁ@ﬂi@fdlﬁfwmgcbrbeestsbﬁtv&he circuitry
provided on or in he subs hate con‘ﬁi:l iql B % 'r\i%)re cache, nenori es
in the form B¢ tifipation with mediylation of apsuroedNAYGE RAREY bY 5.
Appar at 1 ac ﬁmtt_irasg)ﬁtmdszrig layeeshar stetctarese tasen-indatedi drystatiprationswit
thin-film cipei#idfon of absorbed laser energy by antireflective or reflective thin films,

constraining nucleation during laser-induced crystallization to metal regions

by controlling an interlayer dielectric surface, using underlying layer or

structures as dopant sources for diode junction formation via explosive

20 crystallization, or selective chemical or physical vapour deposition of
amorphous or microcrystalline films effected by surface modification of the
interlayer dielectric surface.

38. A method according to claim 1, characterized by separating functional
sublayers by a planarizing dielectric layer formed by spin-coating or other
25 deposition methods and chemo-mechanical polishing, said dielectric layer
. being made of a oligomer, polymer or inorganic material.

39. A method according to claim 25, characterized by initiating the
induced crystallization by directed energy sources other than lasers, including
pulsed ion and electron beams. -
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6. Apparatus according to claim1, characterized in that the

circuitry proydéspgssn or in the substrate conprises Pr GREaSO9%00isr
detection and correction on menory errors and def ects. WO
99/ 63527 24 PCT/ NO99/ 00181

7. Appar atus according to claim 1, cﬂxpgcterized in that the circuitry
provided on or in the substrate conprises processors for remappi ng def ect
menory regions in the overlylpg | ayers and/or the substrate.

Apparatus according to cl ai'm®, characterized in'that the circuitry 5
provided on or in the substrate conprises processors for dynamcally
remappi ng the nmenory nodules in order to optim ze_performance and

lifetimes thereof. 9. ta storage and 5°ocessing appar at us
conprising a ROM and/ or and/ ogg REVRI &ABI3R nenory nodul es and/ or
dat a- processi ng 10 nodul es on subst rjat e, ere the nenory and/ or
processi ng nodul es are == REOVi ggd ' ngﬁ? @il | ayer or nultiple main
| ayers on top of the sulstrat e |n eAc in Layer of a nmenory
nodul e and/ or dat a- proc333| g conpri fungti onal subl ayers,

ng/nodlul es in each

d connections with
N ide substrate,
¢+ in the form of
far gt’'ug, characterized
the top of the
mat eri al s

vmaeu1ﬂwrmmwy RESAR10TE G o SRR BT ¢ oV ) 6
mai n | ayer connun|c= RSt "'rjﬁ.
other main | ayers af T BRI ARG o X P P Y O\
and wherein the app
transi stors and/ or

in that at | east sopz
substrate conprise kg
and/ or | ow tenperat
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o
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10. Apparatus according to claim9, characterized in that the inorganic
filmmteri al Wé”??ki silicon conpounds, netals or conbi ng
o R

t her eof . Appar atus according to claim9, charact er|
at | east some and at nost all .of the layers on top of the substrate
contain.circuitry with 25 transi storg d/ or di odes. 12.

Appar atus according to claim9, characterized in that at |east one of
the | ayers conprises nenory nodul es with passive matri x addressabl e
menory el enments defined in a nenory material at the intersection between
el ectrodes of a first set of parallel electrodes provided on a surface of

the 30 menory material and a second set of parallel electrodes provided
on the opposite surface of the nmenory material and in intersecting
relationship with the first set Qf electrodgs, the nenory el enents
being realized as non-linear [ ance el em@nts at the

I ntersections, and that the elenents i rder to | nprove the
addressability thereof each are provid with al c val ue given

WO 99/ 63527 25 = e e =

PCT/ NO99/ 00181 by an electri CGBE'S %_‘ Spar anet er of t KNpenory
mat eri al between the I ntersecti —-11 & 13. ar at us
according to claim 12, characterized i rN EE RQAN- | i near

i npedance el enents are rectifying diod ¢ge or t he foIIO\Hng 5

materials, viz. silicon, gallium arsenl @n;g@ R&ni um i n anor phous,
polycrystalline, mcrocrystalline, bul rgpgcgﬁdefl ned single crystal
form or organi ¢ sem conducti ng t nol ecul es,

ol i goners or pol ymers or conbi nat Non 14.

Appar atus according to claim 12, character non- | i near

(
CMOS DRIVER/ SENSE AMPS (c-Si)

_/ \ —/
Vv A\’ vV

83LSINYTd 979G SINVId #3E SINVId 231 SINVTd SYIAIYA Q3ISSII0Y
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10 i npedance elenments are thin-filmtransistors nmade of one of the
followwng woesessreterials, viz. silicon, gallium arseni de aper96§9REIUM | N
anor phous, " polycrystalline; mcrocrystalline, bulk or
process-defined single crystal form or organi ¢ sem conducti ng
matertral s i ncludi ng nol ecul es, oligonéygror pol yners or conbi nati ons
thereof. 15 15. Apparatus according to claim9, characterized in that
each nmain | ayer is segnented into two or nore juxtaposed segnents
stacked on the top of simlar segnments to formtwo or nore

j uxt aposed stacks on a comon substrate and wherein a part of each
segnent in each stack is connected to a portion of the substrate and
comuni cates electrically with circuitry provided 20 t her eon. 16.
Apparatus according to claim9 or claim15, characterized in that the

main | ayers are stacked on the top of each other in a staggered arrangenent
such that each nenory array in the stack is connected to a portion of the
substrate and conmuni cates electrically with circuitry provided thereon.

25 17. Apparatus according to claim9, MEMOGRYPLANEQ in that a

plurality of t hr oughgoi ng electricalﬁﬂﬁgﬁuﬁpﬁni vi as providing
power and si gnal connecti ons betwee§ Egirs and between the
| atter and the substrate is disgjributed |lateraljly in a;staggered
arrangenent . 18. Apparatus acgording fto claimn9, chafacterized in
that a portion of the 30 substrjate und¢rlyijng pne qr rore of the | ayers

ircuitry whilchlis efectrically

on the top thereof contain actiye
connected with one or nUTEEB¥>>ai ix ™ SIms WO
ﬁECT NC99/ 00181

99/ 63527 26
19. Apparatus accordim;ﬁ%i}ﬁaju.s,*ium ift.iccﬁﬁ..%h §$$; | east one of
A2
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the main |ayers conprises dual passive matrix-addressabl e nmenory nodul es

I n separate s 3Y/@is3; one overlying and one underlying menor y, cqmgc%ﬁgl
sharing a set of row or colum el ectrodes. 5 20. Apparatus ac ing
to claim9, characterized in that at |east two of the main nenory

| ayers conprises a common row or col urm4}f7ve el ectronics and as wel |
as optional sense electronics connected therewith t hrough common

W res. 21. Apparatus according to claim9, characterized in that at
| east one of .10 the nmenory nodules is a masked ROf/sm DATRCABHPed ROM
22. Apparatus according to claim9, characterized mmﬁ}g lf ast one of
the nmenory nodules is a WORM 23. Apparatus a claim?9,
characterized in that at |east one of t he mem)rypmsm) conpri ses
menory cells of the REV\RI TEABLE t ype. 15 24. Apparat usy according to

claim9, characte =Ya onpri si ng
at | east aconblntch.‘-\.. e.m..llql Bthq form of

T stack | O DEGHTERS, e

| ' stor
processi ng appar a E CACHE RES&WE di wmmlmand/ or Rl TEABLE
menory nodul es || m NLOC S | es on a substrat erein the
menory and/ or dat s posi BEpemndel es are provided 3s wiol e main
| ayer or nultiple uMﬁMN ers on the top of the subtrgt wher ei n
each main | ayer | menory rmmmmhﬁlﬁifa/brocesm ng
conprises functio subl aye erein 25 the menory nodul d/ or
dat a- processi ng 4l esf comuni cqt e qugh wires,

surface or edge ecti aye ang CI qigt ry
provided on or i . te pparatus co
active conponent sjg ¢ ; Mmﬁm’u@?g@nd/ or di ode r . erating
t he appar at Prive fein the menory and/or prlocess | es are
provi ded 30 o] e_by _depa ng the ITHIT’] Ia t he
functional subla thereof in successive steds, t e, mellidd bei ng
characterized by i noMEMORY PLANE 7/8 ; m
|
|
n
n
||
DATA -
COLUMN|
7 LATCHES|
COLUMN SELECT|
OUTPUT DRIVERS |

ALL MEMORY PLANES ARE ABOVE DRIVERS
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and processing said | ayers under thermal conditions that avoid subjecting

an al r wage/gdsyyosi ted and processed underlying layer or geayighey, ﬁﬂb
static tenperature exceeding a value in the tenprature range i
50-450[err] C or WO 99/ 7

PCT/ N©99/ 00181 dynam c tenpe res exceeding the transient
stability limt of polyner materials, where said transient stability
limt is defined as | ess than 500[err] C for not nore than 10 ns, or

process-i nduced chem cal danage, the nmaterials for
sel ected anong thi

t he | ayers being

m crocrystalline si mani um ' di @jectric

materi al s arfj® net al or fconmbi QMti o josited by one
of the follow ng — 7. \ g§i on, chem cal
vapour deposition ¢® pla 1 : mjdeposi tion,
spin coating, procqd®sing ' enti onal

sem conduct or procq®s co
t he conventional sqm co

dl conditions,
Hm] anong, but not

limted to photolitMog ' ' I ncl udi ng
reactive ion or pla _ ni ilngmji on

i npl antati on, and/ i ' : dem@si ted | ayer by
transi ent heating _ [ qtal i zation of
15 deposi t ed ang®p [ sl fed filns, and
i ncorporation and 3% ' I n; I ng nol ecul ar
ol i gonmer or polyne n ' ) l ‘ ol | owi ng
processes, Vviz. solf® ' 7 ' . eri n@jor ot her
vacuum based technij®ues, Ppr b I ' m@rangKer teghni gles orMgonbi nati ons 20
t her eof . 2¢® A accorp o cla char®gteri zed by
fabricating thin f{§®m silicon-based circurtry and t®™ansistors by a
| ow-t enperature cotpd : _ Al pdl

crystallization and dopant activation of the

Fig.5
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thin-filmtransistors. 25 27. A nmethod according to claim25, wherein
a nenory nodtwdg.ﬁ,&s%,pal i zed as a matri x-addressabl e nmpgamNOIN0HIBI

i sol ati on di odeS; Characterized by formng the isolation diodes in
either vertical or planar configurati by depositing directly

anor phaus m crocrystal line or polycr ﬁ?al lines n- and p-type silicon
or germani umfil and depositing directly sem conducting 30 organi c
thin filns of im0oer or pol.ymer. 28. A method according to claim
25, wherein a 'y nodul € i's realized as ‘a matri x-addressabl e
menory with isolat]on diodes, characterized by form ng the isolation
di odes by | aser-influceq nelting and solidification of deposited n-
and p-type anorphops or\mcrocrystalline filnms of inorganic WO
99/ 63527 ii]ﬂ- 28 PCT/ NO99/ 00181
sem conducti ng materi al rectly on underlying | ow tenperature conpatible

| ayer or | ayers. 9. A method according to claim 28,

characteri z% by pfotecting\the underlying | ayer or layers from
reacting wt& t bol ten, sem\ conductor 5 material duringg

| aser-i nducg ctrsys allizatio\ by providing a thin-film diuf':ﬁjg'“on
barrier. = 3p. revhod, according to claim28, char a_q_tAe_r_ipéﬁ Fly
designi ng t ke react oQ tween a nolten sem conductor ma 9 and

an under|yi ¥@ Iw_r_ or NJayers to forma stable electrigal WE@UC“ ng
conpound, s@ 5i 11 ci de. \lﬁ; 31. A method according to cl an :
wherein a nmesory npdul e i s realdze as a matri x-addressabl e nenory
with isolation diofles, charact eﬁﬁz:gd\ form ng the isol ation diodes

by laser induced nelting and solidi Featd
Fig.7
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deposi ted anorphous or mcrocrystalline inorganic film and formng the pn
junction of wioyesegs20des with conpensating dopi ng, the pn jun@ormnokessng 15
realized either froma deposited | ayer on an underlying netalization or
from so-cal | ed aut odpoi ng by u7/7 al l oying elenents in the passive
mat r i metal i zati on. - 324777A nmet hod according to clai m?25,
wherein a nmenory nodule is realized as a matri x-addressabl e nenory
with isolation diodes, characterized by 20 form ng the isol ation diodes
by | aser-induced nelting and solidification of a deposi t ed anor phous
or mcrocrystalline inorganic filmand formng a Schottky barrier

di ode with an underlying netalization structure or a conpound for ned
by a reaction with the underlying nmetalization structure. 33. A
met hod according to claim25, characterized by constraining the 25

| aser-i nduceg= ] tion within an expl osi on regine,
t hus r & ; a transient nelting gt I the film
and the forng f self-propagating |i ¢Hd dr to
crystallize tEH i vol ume of t he f A et hod
according to Y aracterized by form ngEls structures
from hi gh reg §i of Aani sotropi ¢ contact ngEpr e used
as an isolati 0 i fthe vertical directionm and a non-conductive
interlayer diglepErigQ8 i @the horizontal directigh g5l 45 vést oghe | ayers.
WD 99/63527 & =% = = E===g8 ==
PCT/ NO99/ 0018®& =4 = =35 A nethod accor di ng oLl adn 8, Dharacterized
A Hy— = . . . _ - .
by realizing 3ptiRtHe S i sol ation diode argEt{@ rith- &ndeztive
i nterlayer di eBlrig bEa ‘chem cal ly or h%n%-ycnndned
nodi fication Fﬁi d-’-,'cokacti ng material s. e 6.7 ARt ta)d accordi ng
to claim 35, gnar%ctﬁi Ad by the chemically or§ = = A
-t =g
= = 2 =

/E//// O~ L/ B -
BN = . ¥ —
B §Z§/ i g 2
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5 thermal |y i nduced nodification taking place respectlvely.ﬂ

of hi gh-resi stivity anorphous silicon and | aser-induc

crystal lizati high  woiip NesimtiALirkopEremOR@iRITOSI | | con.

A net hod according to claim 25, wheﬁ@ﬁﬁ%&q%?ﬁnry module is a

matri x- aﬂnﬂaﬁgﬂbNALuHWimyﬁﬂDNWUEHEHEDtmEmRﬂHB?ATENEm@QHEMﬁﬂQNE@EABYﬂﬂﬁa

10 [OUE [Tmted|(re Suc e [Sect| ORg, :
Qﬂ Iiﬂﬂ'nl Snal ﬂﬁ%@dox 75 g jﬁﬂd tTr%%;ll‘%malsll’u lliqcatio %@3527

mat r t aneously pr|o I'SO a Ion betvveen t

di odps HPIR23/98, %518, sel - alli"gn s isdani1 dubkbheloh Die:! N© Do fERiso9105.12159)
d| Od |||nr'f|nnc o fh_g_s_p&tlnll\l |m+n ragianc . anl s vy Aanc nf

oty | LI A LIS LIS A R ARLLES My |1|..,u||a Ul

.
one S, Vipéy 55 ikl S CAN,Sirakd, iazad A, 85, BU, BR)
nodu Qﬁil%% u?:\%%%n&%& geger ener/gglgglgi/m o5 &%mmmrewfifu%ndmlmﬁnésl Ia.y@r QE
or st @)dkternmtignal Filgdatei nduced? Jereye® €690t | on GHL.tHR, HU, D, IL, pk§ gﬁ"

absofbed | aser energy by antireflecti vej;r reﬁ%%fﬁ‘ﬂo %%E shg(sx Sk, SL

cons {ﬁ'ﬂhﬂ?nﬂﬂd eation during |aser-induced g wl zhet afu, za, Zw,
regi pns 19082518 by CONts3l998 Y0sHB) | nterNoayer dAlHP@ﬁiteﬂtl(GHm kames,MWSSm LSZ UG

unde Iy| ng |ayer or structures as o
ot 0 s 20 - it o AL Ao

Faaut odopi ng
s u“lﬂj')
YiJ't)"

37.

phys N—01240810(N3’Td phOUéxFQiJ 8 66,08] 0% i, VR, NE,
effe,ted y surface m)dlflcatlon of the SNrrn,t'moIayer di el ectric

sur f a8 Inventors; and A nmethod accordingl to claim1l, characterized by

sepaf @Dl ; n@;g‘Sgnly})z_lG e s %@k,;f | anari zing dielectric |ayer
formpd by P PG INGROE epo tw@mnmammwgm

C h_e np- rrec Imamoc abkeiD (NO)S bEISfI}D Sﬁﬂﬂd d |[Nn/I@i I'i C Bli@Y BE expiration of BEtinid Ymi Bk Pnefting Be claims
oligp qyg;b r19oN-13¢9 and to be 2dpublishi inVistelvarclf thec-e-eiptaf amendisayrs.

claim 25 d tall t by
clal fn 25 éﬁ w%%‘;% E?sa? ﬁﬁﬁilfg}-iﬁger o Bt s snheenaz;a;%g,%ﬁqﬁz%% N

el ecfron beans.
(74) Agent: omcom ASA P.0O. Box 1872 Vika, N-0124 Oslo
(NO).

* | (54) Title: DATA STORAGE AND PROCESSING APPARATUS, AND METHOD FOR FABRICATING THE SAME

(57) Abstract

A data  storage
and processing apparatus
comprising ROM
and/or WORM and/or
REWRITEABLE memory
modules and/or processing
modules on a substrate.
The  memory and/or
processing modules are
provided as a single
main layer or multiple
main layers on the top
of the substrate. The
apparatus .  comprises
active components in the
form of transistors and/or
diodes for operating the
apparatus, In one set
of embodiments at least
some and at most all the GMOS DRIVER/SENSE AMPS (c-Si)
transistors and/or diodes for operating the apparatus are prowded on or in the substrate. In another set of embodiments at least some
and at most all of the layers on the top of the substrate compnse low—temperature compatible organic materials and/or low temperature
compatible processed inorganic films, even without requiring ttansistors and/or diodes to be provided on or in the substrate. In a method
for fabricating a data storage and processmg apparatus of this kind, the memory and/or processing modules are provided on the substrate
by depositing the layers in successive steps. The deposition and processing of the layers take place under thermal conditions that avoid
subjecting an already deposxted and processed underlying layer or layers to static or dynamic temperatures exceeding given stability limits,
particularly in regard of organic materials.
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