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15 materials. A preferred enbodi nent of the data-processing device
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30 stacked. The functional blocks of the circuit device are divided into sections,
with one section provided on a bulk chip and the remaining sections on an
overlying thin film with components electrically connected through an
intervening isolating layer. The circuit device comprises both bulk and
thin-film semiconductor layers, where the circuit elements can be formed the



1 s include all the required ancillary active circuitry. Several patent
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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 7042 (though again reduced by processing tricks) limiting densities to
<108 bits/cm2 under even the most aggressive lithography assumptions.
35 Higher densities can only be achieved through the use of both dense metal
designs (minimum metal pitch) coupled with 3D integration. Technically and



It is a main object of the present invention to provide architectures and
techni cal solutions where dense bit cell patterns in 2D can be incorpg(rgmv%hz
into 3D storage structures, enploying easily inplenentable, |owcost

manuf acturing technologies. It is a furtheg object of the present invention
to provide ROM WORM and REWRI TABLE nenory devices with short random
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25 K.G. Bauge and P.B. Mollier: “Matrix array of semiconducting elements”;
U.S. Pat. 5,170,227 of M. Kaneko and K. Noguchi: “Mask ROM having

monocrystalline silicon conductors”; U.S. Pat. 5,464,989 of S. Mori et al.:
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30 fabricating a semiconductor read-only memory device for permanent storage
of multilevel coded data” and PCT Pat. WO 96/41381 of F. Gonzalez et al.:
“A stack/trench diode for use with a multistate material in a non-volatile
memory cell”. However, such schemes rely explicitly on traditional silicon
wafer processing, involving e.g. thermal treatment, implantation and etching
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30 manufacturing technologies.

It is a further object of the present invention to provide ROM, WORM, and
REWRITABLE memory devices with short random access times, high data
transfer rates and low power consumption. In the present document, the term
“REWRITABLE?” shall be used in connection with memory cells where
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25 provided on the opposite surface of the memory material and in intersecting
relationship with the first set of electrodes, the memory elements being
realized as non-linear impedance elements at the crossings, and the memory
elements in order to improve the addressability thereof are each provided
with a logic value given by an electrical impedance parameter of the memory
30 material between the intersecting electrodes. Preferably are then the
non-linear impedance elements rectifying diodes diodes made of one or the
following materials, viz. silicon, gallium arsenide or germanium in
amorphous, polycrystalline, microcrystalline, bulk or process-defined single
crystal form, or organic semiconducting materials including molecules,
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comprises more than one memory module, the memory modules being

provided in the form of juxtaposed segments stacked on the top of similar

25 segments in an underlying main layer in a staggered arrangement, such that
each memory module in the stack is provided staggered in relation to
adjacent neighbour modules, and a part of each segments in each stack is
connected to portion of the substrate and communicates electrically with the
circuitry thereon or therein.

30 In the apparatus according to the invention preferably 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.
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25  (FERAM).

Advantageously the circuitry provided on or in the substrate may separately
or in combination comprise processors for the detection and correction of
errors and defects in the memory modules in the main layer or layers, and/or
processors for remapping defect memory modules in the main layer or layers,

30 and/or processors for dynamically remapping the memory modules in the
main layer or layers in order to optimize performance and lifetimes of said
modules.
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In an advantageous embodiment according to the invention are the thin-film

30 silicon-based circuitry and transistors fabricated by a low
temperature-compatible process using laser-induced crystallization and
dopant activation of the thin-film transistors.

In order to realize a memory module as a matrix-addressable memory with
isolation diodes, this can in preferred embodiments of the method according
35 to the invention be done by forming the isolation diodes in either vertical or



For clarity and concreteness, a detailed description of the invention shall
be given below in terms of a preferred enbodi ment based on | ow-t enper &0V ¢(p7
processed poly-Si diode ROM arrays in a stack with four doubl e-1ayer. The
35 design can be easily extended for WORMjnenories applications utilizing
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crystallize the remaining volume of the film, and the isolating structures are
30 formed 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.

In the latter case it is preferable realizing both the isolation diode and the
non-conductive interlayer dielectric by a chemically or thermally induced
35 modification of said contact materials, and the chemically or thermally



menory plane pairs is offset both horizontally and vertically to provide
single-crystal silicon real estate for the row drivers (large inverters)
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to scale; in particular the fraction of the area required for row drivers
and sense anplifiers decreases roughly as the square root of the nennry

si ze. Sense QW
occupy | ess ggah%%dn /OﬁgﬁﬁHﬂ‘ Bgltﬁ&?@a?f estgqaké?l%lg% It argays this
area i s |ess hIEbﬁeéﬁélefé’r@@ﬁfp}&ustﬁhbct)l@taad aser-indyced erysta izadionedt Bighwi t h

MeNory arraysgegfy ﬁyté}ﬁo%l{'tﬂiseslﬁwﬁt al logic, a significant fraction of the
di e remai ns unuse Sone fraction of this is required for bad-cell mapping

and error-cor ion lo he remai nde enent,ed as a
AR dasa codiiBaty Meades iRl at b SaRieaRbadinaneh ey e hi e e
consi der 8d bebahe ihhentidon ﬁ&nymmw@ﬁodmes:lanade walieed s ﬁhlatmgadmérssrablaccess

- red th b | ts f t.h
oot ent 1l t o TPERY wEGh FPIRBER S dERE rerahe SRNER B anAtAf Rl haittass
mode. For r armiomammarmtaswms cbffnenczambtearﬁnmmutahemeky pmv&dldg lamna‘l(l de

i - d i Chi ds. f .
power and spdstiafioh FaheBRRs ot by Mtes 8™ PO AeskA P RTRE 8 Pk ths
menory appl i d‘armatmn afthdiodaghecthenotrethd gediadlyi limdtid mgmbnmenlafrlmnmmlscbf
ey ol and LB fotosBEroBbaEs, Sl PhackSpUAEE B BDRIRATihD | TP OVe
| oadi ng f rommhéukmitmoféamm@laseh@nemy hylfeatamey of undedyingelayeraor
8- pl |
cagagln te ance%? r c??nlll %@é’as 'rlbg:&%\daﬁ ?hih% 5&%1?@%1%1129&@ OI?%ltbQOMﬁ% foge 11 ne
capacit ance iensrgndy antiredlectiveior eflpetive thip Klms. conﬁt-;rammgvnmigatgm and
di ode currentqd i@ ffsRf-iS@hcdd EryRENRZadbR $b eﬁétbpfbglwéebgg!dﬁmlﬁ 3l tance

directly determ nes tF] arge‘integration time requir for t sense
ampl i fi éPs. vatqrm%%lefraé@aurfﬁ% usiggiundgeying | 43166%95 Saéetlaeﬁ)éssi@@ﬁﬁht ed

as shown in fs'oﬂrcé’_s- foMEbaE Fuhéiord Faekffordk [PORFIBBVe dr ?s‘fa'lﬁzat‘i]oﬁ Sorused for
conbi ni ng seve he sense .0 kln% 10 bet ween

i Chedﬁl anes | ternati n& é
the separat o SSISRRE chicghical or physical VRREHE RRPPT PLAIEONS s r oal
estate. But shivgechataléinerfiiass offetied 15 serfboé midifisaton dfis@dinitérldydrs design
(remai nder de(ﬁ ed to cache) this cost is not significant. The optinmm
segnent ati on 8%& € SUtAGRgl y on the application - in particular the averge
size of _the menory bl ock accesses. In general, small|ler segments are 15
essenti 3D, fdn thewaetheidsatopadingriorthesomention it isecamsidared iagaantageous M ni num
random acces | e
Se H%%ﬁg&r{t gil‘ﬁ:?lol?ﬁh I?H?%fscl?ﬂ/ alslpslhﬁﬁ‘iﬂ\ﬁgchlébéc'txgé 8P f&nﬁ'ﬂ

nunber of menofy se ese 1 ssues are considered further
bel ow.) It i PYaSRis-eRAEISHPE Otheridepositian metlodaand phemgrmgghanisaks usi ng

only a singl &ARnpResf (ﬁ@l@@ﬁl@m'ekfb'eﬁign%er&&i’gmﬁér Cpﬂlyﬁ%r\ﬁralﬁolégérﬁc
anes However t here l.S. er.e . s

di ode i sol atl on betwee

penalty in tHpat eﬂ@é @Wi]éfu‘és p@otq,;gls!qleﬁ;g @édanmopml&aﬁn& FH@ PE‘B‘fatl on

di ode fo§ thecrpbtamﬁandmbyhﬁrd‘cﬁdléﬂérg\ymra@é bitrer Mikn ek glinoludingpsilsddor s
are viable on the anes single sense anplifier designs can be
utilized for lgawdﬁﬁp{rﬁgﬁegﬁy 25 But the die size gains are ninimal since
the underlying substrate is not real-estate linmted, To achieve required
dat a transf erlhainsentiomshall new beediseussas infmere deiadh, wish refeseees turi ng

data strobe W)&ﬂoﬂh{(})g e d@ffents AE RS alégeﬁd%% &xﬁw{g’g %g@@'eof Ri¢ch This

woul d naturally wthin a SRAM cac as part 30 desi gn.

Fesolved from$ G R Cm FEHTREL oL AR IRk Helluh MR Byl et Sevtoeo™®

30 which the present invention may be applled

fig. 2 the schematic layout for a 1 GB ROM apparatus according to an
embodiment of the present invention,
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2119050 50,3000 BB oG s 8 PR e ot
(cells) addressing. Each memory layer constitutes a sclf- ontained entity and
requires no high-temperature or chemically aggressive processing that can
25 damage the underlying structures during manufacture. Thus, the memory
modules can be positioned on top of active electronic circuitry in the
substrate, conserving substrate real estate and providing short electronic
pathways between the active circuitry and the memory modules.
Furthermore, memory capacity can be expanded by adding more memory
30 layers on top of the first, leading to a 3D stacked structure with very high

volumetric bit density.
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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

10 are then built above the final metallization layer coupled by vias to the
underlying drivers. The diodes can be inorganic, e.g. amorphous,
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

15 diodes provide a dramatic storage enhancement over all existing
ROM/WORM/REWRITABLE designs, at only marginal cost above the
underlying CMOS circuit.

Vertical interconnections as used in the apparatus according to the invention
can take many forms: One is penetrating conductors through vias, in which

20 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 by electrical conductors in each layer

25 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 through the layers. This is

30 possible due to the layered architectures, i.e. capacitive, inductive or optical
coupling between circuits in different layers.

For clarity and concreteness, a detailed description of the invention shall be

given below in terms of a preferred embodiment based on low-temperature

processed poly-Si diode ROM arrays in a stack with four double-layer. The
35 design can be easily extended for WORM memories applications utilizing



the direct capacitance Interlayer dielectric is 300 nmof Si02 equi_vﬂahﬁpﬁnuz
10 Metal line conductivities are 0.07 S2/ Sense anplifier mninmm
threshold is 10 nvV D ode transconductance is 103 Alcn2 for a 1 V forward
bias Diodes are one-sided junction with 440 nmdepletion width at zero

bi as (1017 doping) 15 Data transfer rate: The desired 1 Goit/s sustai ned
data transfer rate is easily achi eved once the colum | atches are filled.
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25 overall fabrication.

The electrical schematic for each pair of memory planes is shown in fig. 3.
Once a row address is latched (RAS), a final inverter drives one row line to
ground. Current flows through the diodes from the column lines
(symmetrically from both column pairs) and the voltage droop on the column
30 line is sensed in parallel for all column 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
density increase permitted by a row/column dense metal crossing layout. In
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one percent of the total die.

In the stacked design with memory arrays above the single crystal logic, a
significant fraction of the die remains unused. Some fraction of this is
required for bad-cell mapping and error-correction logic, but the remainder

25 should be implemented as a SRAM data cache to reduce multiple accesses to
the memory planes. As considered below, the primary power dissipation
occurs during memory access — 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

30 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.
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20 pair of sense amplifiers using common column vias with diode isolation

between the planes. However, there is a severe speed penalty in this design
due to the time required to turn-on the isolation diode for the planes. In the
futures when active MOS isolation transistors are viable on the memory
planes single sense amplifier designs can be utilized for some applications.

25 But the die size gains are minimal since the underlying substrate is not
real-estate limited.

To achieve required data transfer rates, all of the sense amplifiers must be
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

30 design. Assuming a CD-ROM based replacement, the majority of data
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
35 be staggered satisfying both design rules for conventional via attach and
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20 memory plane itself (for staggered layout and peripherial drivers). However,
it is not necessary to limit metal to random logic design limitations. By
moving to a full dense metal array with uniform spacing and density, the line
width and spacing can be reduced considerably. As long as random wiring is
minimized on the memory planes, lithography and etching can be specifically
25 optimized to the dense metal pitch allowing use of poly or metal 1 line
widths even in these upper layers. This cannot apply to the vias — but as

shown above these are fabricated well within the design rule limits.

In addition, the simple design of the memory cell does not require via metal
overlap within the memory cell; lithography misalignments may reduce the

30 contact area (one axis), but the subsequent interlayer dielectric will passivate
the exposed diode component. These two process modifications allow the
maximum metal pitch resulting in the 4A2 cell areas (where A is
approximately the metal width/spacing).

Table 1 fully compares three technologies based on 0.35, 0.25, and 0.18 um
35 lithography (design rules taken from both TSMC and MOSIS scalable
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It is thus feasible to implement a 1 GB memory in existing 0.25 pm

technologies — with a die size well within reasonable constraints (<500

mm?2). For 0.35 um design rules, the single chip die size is probably too large
to be manufacturable, but a 0.5 GB array is within reason. The only caveat on

0.35 pm technology is that the upper level metal planarization must be
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20 metal layers). Processing must be consistent with metal line exposure on
row/column vias — effectively limiting processing to <2500C. Preferably, the
fabrication of the diodes shall also be self-aligning with the contact vias to
reduce mask count.

Two feasible routes shall now be discussed, based on inorganic
25 semiconducting materials:

e microcrystalline Si selectively deposited on a metal/Si seed layer
through vias (or blanket deposition and CMP etch).

e explosive crystallization of blanket a-Si — leaving high resistivity a-
Si for planarization — using laser intensity modulation with the via
30 dielectric.

Memory density at 42 requires the isolation diodes to be fully processed and
contacted in a vertical configuration — in contrast to the traditional planar
configuration present in today’s technology. The isolation diodes in either a
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| ayers conpri s«? a conbination of |ow tenperature-conpatible organic film

mat eri al s an®UHMYEHRFOLHLE PECCSSEPht i bl e processed inorganic thin-filnms. 2.
Apparatus according to claim1, characterized in that at |east one of the
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menory enent: ! i sl oty L si ngs between
el ectrog{)as O?ﬁ%c ?é%?ﬁgé é‘fg?e %be{é?%fét@eggtng%?%ﬁggd on a surface of
t he nenory ; et el.ect rodes provided on the
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i. Deposition of metal film for row/column underlying matrix. The choice
20 of the underlying metal depends in part on the method below, as
discussed further below. The metal film may be a multilayer consisting
of a highly conductive underlayer (Al) and an interface barrier for
contact with the Si (eg. tungsten).
ii. Deposition of thin amorphous donor (n-type) doped silicon by, for
25 example, sputtering, e-beam evaporation or PECVD.
iii. Deposition of a second layer, in-situ, of acceptor (p-type) doped silicon
or germanium,
iv. Laser-induced crystallization of the amorphous films forming
polycrystalline pn junction diodes. The energy density is chosen to
30 achieve full or nearly full melt of the silicon film resulting in nucleation
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
35 deposition of interlayer dielectric (Si0»p).



31 4. Apparatus according to claim2, characterized in that the non-linear
i npedance elenents are thin-filmtransistors nade of one of the fold S)W’W%UZ
materials, viz. silicon, galliumarsenide or germani umin anorphous,

pol ycrystalline, mcrocrystalline, bulk 0F3pr ocess-defined single crystal
form 5 or organic sem conducting materials including nolecules, oligoners
or polymers or combinations thereof. 5. Apparatus according to cl al m 2,
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el ectrodes. 6. Apparatus according to claim2, wherein nore than one |ayer
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j uxt aposed sgggﬁegﬁ ond.acked on the top of simlar segments in an underlying
main layer in staggered arrangenent, such that each menory nmodule in the
stack is pro ded st a q. rej atlo t o..adj,acent nei ghbour nodul es, and
that a part & ication touse 3chottley dIgdes -t eq to a portion of the
30 substrat elmtdad @Iﬁdﬂ:plosaicﬂsp ahdat ﬁilmalfby a\guhhnmﬁldl@der ¢he prycédsanepiweor

ol ar al 119 of ARG BREERERLEP el BT tPE BRI b 1BE ke anc

si gnal connefdimnkhibenodidication inmolvdsaherdepasididneo frerly amha-tyaetfemand t he

substrate is ff(j st gldarlcf"fc%'?altl&h bfi]a%cﬁbﬁﬂg%ﬁﬁeﬁgﬁﬂpgﬁﬁg{]{he dllrécﬁ\'o" 200

32 10. Apparat-us accor aracteri ze east one
of the rrermryn@t@h(memmzd lsqmdsnmamb@r withaa sidicidel phapg farmedapisapartisd
according to ry
modul e, (s A WRNE & T%”ﬁi\%@%?2%%?2‘&%&%9?%%@%%‘*@ Fanos e opt e WY in
that at2@ easexplnsive crsrﬁéalrlr@#spy teoainiByze rpthesmal ﬁemwdeémaée@m the
REVRI TEABLE 48] 1ak@r. Apparatus according to claim1, characterized in that
one or nore nenory ‘nodul es conprising a conbination of at |east two

di ff erent meqniy LSS N iR (S B 8ioRebe WIRMGL REYRIIRARLE [ nt egrated
into at 10 | E&st—one mar I ayer 111 a stdc ording to
claim 1, chaFdectteidatlycadtivet depards chrdstinaopmratedring thdmesalbtmat e
underlying o I Feuitry
wni oh 15 o eSr PbafREShEeRd Y SEruiate Hlihs T bR obe ST TRtepSTERRRIAM LT Y
Appar at4s ac@beupthttblrb¢@atmquf arsenic or boron on a tungsten metalllzatmn or an

alloy containing boron or arsenic, can provide compensating doping to a

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

30 junction as well. The position of the interface is controlled by the
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.



characterized in that the portion of the substrate conprising circuitr
contai ns seni conducting materials in doped or undoped form provi ded- 80Nl
or as thin filmon a passive carrier, and that the sem conducting materials
are selected fromone or nore of the follegwi ng, viz. silicon, gallium 20
arseni de and germani umin anor phous, polycrystalline, mcrocrystalline,

bul k or process-defined single crystal form or organic sem conducting
materials i n(Al@l% irﬁ&h’iu% o%‘dr?@t’iﬂﬁﬁe Qfod%‘Q'rMW'éﬁo@rh@ﬁﬁplé}ﬁéa 8this is
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claim 14, charactefized in that the Ci rcuitry provided on or in the
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and/or 30 fe 1 %%@gé@p 18. Apparatus according to claim 14,
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the main layer &r layers in or timze formance an
sai d nodul es statde zilicidgmhesesand sregdaip qastlena$ ﬁmect@dambttbmhﬂ@dd iSh Of hat
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met al conpounds, _or, .conbi nati ons t hereof Appar at, us acc g to.claim
1, charactenﬂa@allmd@mfe a9Rauate sonductors @w%lfﬁrm@ﬁy@m@ h lwl lygide is

rteal i zed | 3 herdlly Abt Q@?B@l'e?ﬂ%or%%t?&l oﬁartgéolll{tﬂq@fga/ea sﬁﬁv%lg:&q@trb?&@d daf a
storage, and p essin ratus .c risin and/ or and

REVRI TABLE nempigmeptRiobobie BadileHiR sLAASHHMEIE Cuner ei n t he
apparatus is prOV|ded on a substrate, wherein nenory and processi ng nodul es

are provided in a single nmain layer or nmultiple stacked main |ayers on the
top of the substrate, 20 wherein the nmenory nodul es and the dat a- processing

nodul es in e sebf-Alignment and planarization of the diodes certain processing may be
introduced.

The process described in example A above is conventional semiconductor

20 processing involving accurate overlay of the contact mask with underlying
row metallization. In addition, the etch processes produce increasing rough
topologies that must be planarized for stacked 3D integration. However, the
103-105 difference in conductivity between polycrystalline and amorphous
phase can be used to develop self-aligning diode definition patterns and

25 simultaneously address planarization issues. The primary modification for
this mode is to leave amorphous phase material in the inter-diode regions and
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.
30 ii. Uniform deposition of n and p amorphous films (or single layer via
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.



| ayer communi cate through vias, surface or edge connections with other main
layers and with circuitry provided on or in the substrate, wherein theﬁ NOV
apparatus conprises active circuits with transistors and/or di odes for 2
operating the apparatus, and wherein the penory and data-processing 25
nodul es are provided by depositing the main layers and the functional

subl ayers thereof in successive steps, the method being characterized by
depositing a I ngab t avoid
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A nethod according to claim 23, characterized by fabricating thin-film
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The present invention is by no means limited to ROM devices, but may be

implemented as various kinds of memory and data processing apparatus and

modules, as mentioned in the introduction. A brief discussion of alternative
30 preferred embodiments shall now be given.

The basic architectures described above can also be adapted for WORM
applications. This is achieved by starting out with passive matrix arrays
where all crossing points exhibit rectifying diode behaviour initially. Writing



8 NOV 200Z 35 material during a |aser-induced crystallization by providin
athin-filmdiffusion barrier. 28. A nethod according to claim 26, 8N0OV 00
characterized by designing a reaction between a nolten sem conduct or
material and an underlying |ayer or |layerggb to forma stable electrical
conducti ng conpound, such as silicide. 29. A nethod according to claim 23,
wherein a nmenory nodule is realized as a matri x-addressabl e nenory with
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| aser-i nducedemmmthodaﬂb@msﬁ istraightfervardsinge bet y@t the prlyt oam lségu me,

thus regyiri @Qeeﬁ?'t}{eﬁnélr@zﬂﬁh quS'lj Hdir]f'BPP intbAS SWrbACHURE thgﬁ H @ and the

formation of propagati n m 1 n order to cryst ze the
remai ni ng volP@hymss ma’c@rlal pinthexgogsing paipt, kedsiagcbspating ¥ soriralled 23,

characteri zedefiycti 4 B'fﬂﬂe'c%%'d%bta‘?&esbf o reﬁsclffduwnmmlmmssaﬂ Siifabl O
anlsotroplc contac erials as an isolation diode in the

u
vertical di ré‘é%tﬁblﬁ % 8%61@11&%11%\5@ g?/%n g%ﬁeé‘rllna%r folloxyigginatent n t he
hori zontal diapBfich@Bng 8bRtroNed by theepreadtfrappliRant: AN B B dn édi ng to

claim3 charaterlze e, 30 solatl and the
non- contilict i #EPH HFEPP%\&&%&@ ﬁ&%gﬁébiﬁ%ﬁiﬁ‘@ﬁ IF"S‘/U%‘FS ﬁ@le ﬁ’&’ﬁlced
nodi fi cation of said contact materials. 34. A nethod according to cl aim 33,
char act er i zedVhiletrhadinigeisi peaforynest at loay hidsl ip dlask aedogydofthe areferadaki ng

pl ace r eSpeCtehYl%éﬁn%t AN QRSP gﬁd&f Sectlor§34|\%b|%2/§]E ﬁgﬁ?%gﬁ?]@ Eébrl’i gptivity
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20 obtaln the required thermal history at the diode junction, as well as confining
the region of current-induced impedance change (e.g.: thermal damage) to
the crossing point being written. These aspects imply that the electronic
complexity is higher for a WORM memory as compared to the ROM type,
and this taken together with the higher current requirements during writing
25 lead to somewhat lower bit densities. On the other hand, the all-electronic
writing process implies that the foundry-based processing steps involved in

manufacturing, ¢.g. masked ROMs are avoided.

As is readily apparent to a person skilled in the art, the basic architectures
described above open up opportunities for integrating ROM, WORM and

30 REWRITABLE arrays in a single device, either in the same layer or layers,
or as separate ROM, WORM and REWRITABLE layers in a single stack.
Among the many possibilities resulting from this, combining memory types
of this kind, shall particularly be mentioned.
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described above may be referred to in the following as “low temperature
35 processing” and “low temperature materials”.
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temperatures where a sustained thermal load would cause damage).
3) From 1) and 2) follow a number of beneficial consequences:
10 - Possibility of stacked layers. Leads to:
- High volumetric data density, and:

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

- Low capacitive and resistive interconnects due to short
15 distance

- high degree of parallelism (many vertical connections)
for large word widths.

- Exploiting areas in sublayer single crystal or high performance
polycrystalline, amorphous or microcrystalline layer underneath
20 memory modules for tasks requiring high-speed active circuitry.
Examples:

- Integrated SRAM data cache
- Driver and interface electronics

- On-board error detection and correction block-oriented circuitry
25 to increase reliability of memory layers

- High area data density in each layer due to the passive matrix
addressing, with the option of locating driver circuitry layers below
and/or above as well as in the same layer.

As is apparent, the present invention provides extension of the ideas and
30 concrete embodiments in the above mentioned literature, through novel
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: IO m/&( % ) yg X (%v g Xg){ﬁte‘_ggp%r%ﬁs(q prioyided on a substrate, wherein memory
5 and processing modules are provided in a single main layer or multiple

stacked main layers on the top of the substrate, wherein the memory modules
and the data-processing modules in each main layer communicate through
vias, surface or edge connections with other main layers and with circuitry
provided on or in the substrate, and wherein the apparatus comprises active
10 circuits with transistors and/or diodes for operating the apparatus,
characterized in that each main layer of a memory module and/or
data-processing module comprises a stack of functional sublayers, each
functional sublayer realizing one or more specific circuit functions, that at
least some of the active circuitry is provided in the main layer or main layers,
15 and that at least some of the functional layers comprise a combination of low
temperature-compatible organic film materials and low
temperature-compatible processed inorganic thin-films.

2, Apparatus according to claim 1, characterized in that at least one of
the main layers comprises memory modules with passive matrix-addressable

20 memory elements defined in a memory material at the crossings between
electrodes of a first set of parallel electrodes provided on a surface of the
memory material and a second set of parallel electrodes provided on the
opposite surface of the memory material and in intersecting relationship with
the first set of electrodes, the memory elements being realized as non-linear

25 impedance elements at the crossings, and that the memory elements in order
to improve the addressability thereof are each provided with a logic value
given by an electrical impedance parameter of the memory material between
the intersecting electrodes.

3. Apparatus according to claim 2, characterized in that the non-linear

30 impedance elements are rectifying diodes made of one or the following
materials, viz. silicon, gallium arsenide or germanium in amorphous,
polycrystalline, microcrystalline, bulk or process-defined single crystal form;
or organic semiconducting materials including molecules, oligomers or
polymers or combinations thereof.
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6. Apparatus according to claim 2, wherein more than one layer is

provided, characterized in that at least two of the main layers comprise
common row or column drive electronics and as well as optional sense
electronics connected therewith through common wires.

15 7. Apparatus according to claim 1, wherein more than one main layer is
provided, characterized in that each main layer comprises more than one
memory module, the memory modules being provided in the form of
juxtaposed segments stacked on the top of similar segments in an underlying
main layer to form two or more juxtaposed stacks on a common substrate,

20 and that a part of each segment in each stack is connected to a portion of the
substrate and communicates electrically with the circuitry provided thereon
or therein.

8. Apparatus according to claim 1, wherein more than one main layer is
provided, characterized in that each main layer comprises more than one

25 memory module, the memory modules being provided in the form of
juxtaposed segments stacked on the top of similar segments in an underlying
main layer in a staggered arrangement, such that each memory module in the
stack is provided staggered in relation to adjacent neighbour modules, and
that a part of each segment in each stack is connected to a portion of the

30 substrate and communicates electrically with the circuitry thereon or therein.

9. Apparatus according to claim 1, 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.
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pparatus according to claim .

25 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.

17.  Apparatus according to claim 14,
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

30 ferroelectric RAM (FERAM).

18.  Apparatus according to claim 14,
characterized in that the circuitry provided on or in the substrate comprises
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"1 9% 109K && ( yerf@pping memory modules in the main layer or layers in order to optlmlze
performance and lifetimes of said modules.

10 21.  Apparatus according to claim 1,
characterized in that the inorganic thin-film material is silicon, silicon
compounds, metals, metal compounds, or combinations thereof.

22.  Apparatus according to claim 1, characterized in that the circuits in the
main layers wholly are realized in thin-film technology.

15 23, A method for fabricating a data storage and processing apparatus
comprising ROM and/or WORM and/or REWRITABLE memory modules
and data-processing modules, wherein the apparatus is provided on a
substrate, wherein memory and processing modules are provided in a single
main layer or multiple stacked main layers on the top of the substrate,

20 wherein the memory modules and the data-processing modules in each main
layer communicate through vias, surface or edge connections with other main
layers and with circuitry provided on or in the substrate, wherein the
apparatus comprises active circuits with transistors and/or diodes for
operating the apparatus, and wherein the memory and data-processing

25 modules are provided 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 temperature range of 150-450°C

30 or dynamic temperatures exceeding the transient stability limit of polymer
materials, said transient stability limit being defined as less than 500°C for
not more than 10 ms, or to process-induced chemical damage, the materials
for the layers being selected among thin films of amorphous, polycrystalline
or microcrystalline silicon or germanium, oxides, dielectric materials, metals
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films, and incorporation and activation of dopants therein; and depositing
molecular, 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
15 thereof.

24. A method according to claim 23, 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.

20 25. A method according to claim 23, 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

25 organic thin films of oligomer or polymer.

26. A method according to claim 23, 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

30 semiconducting material directly on underlying low temperature-compatible
layer or layers.

27. A method according to claim 26, characterized by protecting the
underlying layer or layers from reacting with the molten semiconductor
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30. A method according to claim 23, wherein a memory module is realized
15 as a matrix-addressable memory with isolation diodes, characterized by
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 metallization structure or a
compound formed by a reaction with the underlying metallization structure.

20 31. A method according to claim 23, characterized by constraining the
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.

25 32. A method according to claim 23, characterized by forming isolating
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.

33. A method according to claim 32, characterized by realizing both the
30 isolation diode and the non-conductive interlayer dielectric by a chemically
or thermally induced modification of said contact materials.

34. A method according to claim 33, characterized by the chemically or
thermally induced modification taking place respectively by autodoping of



| " #$U& () *+, -./0123456789: ; <=>?@\BCDEF - 8 NOV 2002

10

15

20

25

36

high-resistivity amorphous silicon and laser-induced crystallization of high
resistivity amorphous silicon.

35. A method according to claim 23, wherein a memory module is realized
as a matrix-addressable memory with isolation diodes, characterized by
forming a diode in spatially limited regions such as the intersections of a
matrix and simultaneously providing lateral isolation between the diodes by
means of a self-aligned process limiting the formation of diode junctions to
the spatially limited regions only by means of one the following processes,
viz. laser-induced crystallization with modulation of absorbed laser energy
by features of underlying layers or structures, laser-induced crystallization
with modulation 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
layers or structures as dopant sources for diode junction formation via
explosive crystallization, or selective chemical or physical vapour deposition
of amorphous or microcrystalline films effected by surface modification of
an interlayer dielectric surface.

36. A method according to claim 23, characterized by separating
functional sublayers by a planarizing dielectric layer formed by spin-coating
or other deposition methods and chemo-mechanical polishing, said dielectric
layer being made of oligomer, polymer or inorganic material.

37. A method according to claim 23, characterized by initiating the
induced crystallization by directed energy sources other than lasers,
including pulsed ion and electron beams.



