; JKLMNCe3e_ 06fT 1 8 O C T 2002 Scal eable integrated data processin

devi ce Thejp [ oncerns a scal eabl e integrated data processi ﬂng 0CT 2002
devi ce, “INMNM“lM"Wm croconputer, conprising a processing unit, wherein
the 5 processingypi t conprises one or nore processors, and a storage unit,
wherein the storage unit conprises one or nore nenories,

data processing device is provided on a carrier substrate %@W@Mhﬂﬂm
processing device conprises nutually adjacent, substantially p

stacked mai hcalepble integraded data mm@cmagrtb;vumt and the storage 0i§66*are
provided in 10 one or nore main layers and wherein each separate main |ayer

conprises OTRe Qfiv&Mtion Ié"oﬁ@@ﬁﬁ;oi §cﬂe%1@r1nm}gawd e roeeRingdeviied wherein
each main |l a er |n or on er conpr.i.ses el ectr,jcal .conductin

struct ures RMLERIZREY @ WI?I@ICHEIP Pl QGOMMINAS INEFRERGESHNE YT, WRerpap r‘il%F ayer. An

apparemt p %ﬁ%@&sﬁf b 9 RS rIeI¥ GRNEGHEIRE pRaserd otalandrd Swessd Ritdevi ces 15
is that alt gh tgé Sterforma.nce of ,the m croprocessor.s as@an averatge has
r

i ncreased by Uﬂ‘%t QAR Yt CORMHISCH RSO R SHIBOLIES 1AM WASTYR tBR about

100 fromt h@at@"ﬁo@fz‘sﬁﬂg@ VIt Iﬁﬁr@@ﬂed’@nte@céﬁ%@ subbaf GasFeld TR @étar andom
accessible wite/rea nori es,” so-cal I ed RAMs has_ dim nished W t h gk%gt 7

per year anPrOf&RHi@ERteVicesommatesdnuiutlbhediaasrt, shheiapdalilyparaliel ga

bet ween prog@ss oy d@@rwhféi@ﬂctﬁe Gcéi&%@ﬁﬁﬁ%@ﬁ@%%ﬁé @hit RAVbro@Edehance
|ncreased wth a factor of ab o EW Surln he | ast ten years. The

' devell8pnen?n§ AT FeQfgr@abt lgyes Byt P AEAE H&%‘@el%elf FHEDRSRE ONfakes

it necessaryr kfdre fﬁ?b@éﬁo‘??hhdld’t%ﬂ@@@ﬁ%r@%@ﬂoﬁfeﬁ ﬁﬂﬂuﬂﬁ%&@leeéch%hﬁi ency,
that is the waitin occurs

en tj ons and dat 5 shal |
be. | et ched 12756 1 RERR-{RE IHET RUTREUES SIFIRHER DF ORI NG S AN ORI TS

however, beige@al ebsbigicapcbhgedias iafthehgairel®ey. cells in order to real i se
DRANVS vmth hi gh storage density. Cenerally, however, the cause of the above

m spropor ti pr r?i’ég%":‘ﬁ far%ﬁ' %%’f‘tgd%?es @n?fc%ﬁﬁ Etd%% 43 Coﬁp&fets&n‘@[&%%'? of

nore nenory erent ases O and in
sorme d&ses xtsrthat:a}thuughaheqmrﬁnrmanbe ofghy mmepmwe&or‘s@rs amaverage haben t he

processing jpr. édé%ﬁ%ﬁ%ot%‘;:{é@%aﬂn lré’éé?}t‘{ﬁnéé%ﬁ%enb@ gﬂElﬁjﬁrfaE%ra&péﬁeflﬁ hi gh

processi ng S nories are provided

physi cal |y 16l &prathe endtof theesighties andplrpoI@eb%ﬁigharappesmm@erd@ny such

menori es cogt%lé I I i
capacity shaII e sﬁtl%zﬂle\gg e ?nes ?é&%g%gsfg%%ﬁﬂaé Bnﬁﬂﬂ%ﬁe@kﬁ%@%@o%?{h an

unf or t unat e”ccRRfpreati and henes @I@]ry b?ﬁlhh%fvﬁflbﬂttéetsﬁ@ea@@ﬁl%IC@ pHEsE¥Al  area

bet wveep pr asaseeh prokeSNdt &@&@Qamwﬁeaéfdvs§ bafdWigth &f RAMB/Ha8S t hat
further m&*n};ts)‘3 capacity. ines to re di stant
t

menry uni (ENOSIPERRASEY %HII oot o S80Sonl CHtiss Re des iR e ats o no. &
result w | HKgeepmlehy ik eegdrdt o Bploeesdordmeticen@ichaidatctss tifie bohat ned where

much of the c area and the proc per f or th ntr
processi ng lﬂﬁp?ggr’ée‘i?ééﬁyft@rlmﬁrﬁ&e%@hqﬂg QWNBBU\&W&{%@ ’ieﬁélce tral
pr OfeSSI ng IHericyalﬁlQatn'@rthed&@ﬂtmlgttllmrmhischudi‘%dlﬁs whhenhinatraictionnentiathtav t hlg h?
centr 0 u a i.nes_on,t seni uct or. rate. n
concr %e tegr%ﬁils ?%t ﬁﬁgnfhﬁ?é‘?p LS HII:%% 8REW 83%&“?%“%%’%% tine in
t he nenory (@ERAMs)heas) idwehal beex eauttdudatgtirsez od tles siengomnek it i x

order to realise DRAMSs with high storage density.

Generally, however, the cause of the above misproportion is quite evident.
The processor must communicate with one or more memory types during the
30 different phases of a computing task and in some cases the communication
will be very intensive, for instance when the processing presupposes the use
of look-up tables. In order to achieve high processing speeds, the fastest and
most commonly used memories are provided physically integrated with the
central processing unit. Unfortunately, such memories consume a relatively
35  large chip area if their storage capacity shall be sufficient and it is necessary
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chip, where most of the transistors W111 be used in the memory device. An

35 integrated data processing device of this kind has been denoted intelligent
RAM or IRAM. The use of a DRAM with 1 Gbit capacity provides enough
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of this kind could execute a typical test program (Linpack) with a speed of §
GFLOPS, which is five times Cray’s fasters vector-based supercomputer
processor (Cray T-90). Whether IRAMs may have a breakthrough will be
30 dependent on the memory capacity on a chip, as this is expected to increase
from 10-32 Mb for graphic products such as games and to 128-256 Mb for

network computers and portable PCs.

Further there are in the art also known the use of parallel processing in order
to increase the processing speed. This has been achieved by basing the

35 processors on architectures which allows processing of data and data sets in
parallel. Typical examples are parallel processors on instruction level such as



1 80Ci 2002 Generally the stacking of several |ayers with corrponephsom 200
whi ch use active switches based on today s sem conductor technol ogies
inplies the use of transverse current paths to underlying |ayers. This
restricts to a high degree the nunber of |ayers which may be stacked,

parti cul ar | pipéigne ptdeesdofsf @ anferScdlay preceasarspahich lndvd heaechieadurtedi cat ed

t paths,. di tjon to,the.vol whi ch | b d
netvork or OTiRaRSeEndlf Vet 1HE TR BREReLTEERF Tt Bs bt on and
hence the prdesuiigednpeestsors vetiiehAseoksi @kinstmidtiont keehWdiewitafddtayers in

t he stack. There shall_ now be ment.ioned,a nunber of patent publication
whi ch may b@aw?@leaaiiaéﬁ Hay bs) 1eg ﬁ?dieﬁhpwgga cfmi%@hwﬁgaﬁx Fysheke to

iIlum nate thehipackgysound, 8f nfdntiduledratoral wies vedtor hechitesands. iAveffidgn,
but they can in sense  be ?SI d,to aﬁtl mg;ate t he tJn(i?ventlve ideg as a

whol e. The ®B&lizabtpslesind ol fredecpibs dexeiopment fiNata papEewIng dRKIcEs

bel ongs to tftgchaan whil WgeNirchidcaresertitll dRswd PerasRIRiatNpeiidsimgd gga as
their basis. 15 Thus jnternati or] I mbrs@k}eg.patent ﬁﬁ-ﬁl'l i;arl on no.

WD95/ 09438 PFAYaCRYCl LAgL 1S S&s‘_é%g‘?ﬂe srHcestps (Matliplo susgrystions,
three-di mengyianle MAEYTSE Has Weetprapesed MIMDedrchitethirds Wikinegthegui ts. 1t
is realjzed as ltjlayer ,structure where g m _craoprocessor is configured in

mu
di f fer Eht | SYEFHUSRHMETRAH BDARELTIAOR BIYMRHES O HARIGRIIFS SP Tt Hhrager s
whi ch separ atgnieathresi dréUhltidIBY Basddloh fd?ff_@ﬁbxﬁtfbk&%%Wf@nuﬁﬁ?ﬁ@p@kﬁﬁ%'ih | ayer

can be fabricat on a separate wafer or in thin-fi.lmmaterial. apd then be
transf er r ed P8R! Olt H@tllay@?@asgpf @é%@%oaﬁetw{]@r f@hﬁ&:&%ﬁy digfigult to

speci fical | yelDR54:A@# 8peihfdlinsesohhetbanbin@id any ehsaihpbsdibtd teuit | ayer
with a control unit and a,secopd circuit layer,with , a logic unjt, the first
and the secoRGRPRLIT A CAIR FOBRERE X1 HelF (MOBH S BiRadusion GyBRoIagYand t he
mut ual 13 nt epesindatlyan loapvwsehetdhép fsizests landtetite Ssorenircuit |ayers

formed with vias which are conveyed t hrough openings in the adhesive |ayer.

A evident Qe ASchd RO MIAABEO0AR Hoobhen Lidbsbd Gt aver can

conprise a contro _ > secon urt layer an~arithmetic Togic unit
and t he thi canighl processiagernits Rrdthaotabsprades! Hlesdeviag ipengmpartend ont o

the 30 first, gdn %iéﬁﬁ%?r&@réc&%}gk@nﬁfﬁi%ﬁt {%fé}/e?fﬁﬁhra?mo?st' ayers

t oget her forma m croprocessor- nati on, e vertical
i nt er connecimpassiblmthselyady @ suhes dereelopinesns padata procassing deviges not form

an intggral pgenBbhiteeMstRhcd 5igicERlHddeal senﬁ%ohbﬁct%irrtEéHﬂolbgy%ﬁyﬁN%itHEPe,
wi th di screte conponent f‘lll; ormed I n or gn sem conduct or "ayer” and possi bly

with a 35 s8BJRErease aichin sizerorEHetufal Fofytiony waie e@éﬂ?%&ﬁ&ﬁk%ﬁi ng
thi n-fil m depashires afd hrkfck 3ehidviend osdbsinpahentsV8PoheXhd el aintd Sabhdtyate

di stingui shed fr.omthe 6,1 0,CT. 2 present invention hy t., giving
an i nd eat| IEHEB Srued auyape suierg BhisEosely Eonnfledndiitndy
pl gr a: ity pfneﬁﬂ&yadfl dﬂi@g%b@brﬁ@@@m&mﬁmlé sdich ekpkititlg/c%rg ye@eduohi ng
and elgctrical, conductin rtions. t he contrar. r eSURPOSES
Chat i st FRchERdBlePafd inapemenicendiciar PSSl b du Sub etttk fapHiet
function and/drigeatih®imiatdh eineeidryaabisiclomneetdlasiveetosesntd hepaepoPonent s
is provided b%s Es:agﬁar a(ig via caon ech@I&f deposi t ed on t.he | ayers or separate
vias which SPEStEaRyRYLAcRRT SUGRTHE! S UHOPREEE Frdfined PARFD BsPHence do not
form an i nt dgvizks padtprotedsoe rhastere petvededlin jTktapbsitiogr. Auteinp iy td form seens
primarily t e 199348, i npli.ci . 0 S (o) J ani
e conduot STl AEHTS: R 100ieER o b R 2R Sy Bt B BeGe
i nterfil i at ebopfadedsmwausad vestidl getesganswitiTheatleotrioad acseB581E48
(Zavracky &_.al . i ORI I i.m based
on U Pat entOpsrBaS: FOh st oRliohts Inkpt SsPeT BhApb 21200 o o
so-cal l'ed cembstratef Henceppl iatatapecitpfin¢tense iSobtaindd by usew fimnitilayet he
priority ba?él%tl%ls%%%v%f]t%g'suH?trgte(S?r%a%?ea%ysé%!p%ﬁﬁd with maximum
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35 problem with the heat dissipation in the separate layers, as today's
semiconductor-based memories are volatile and hence need a refresh current.
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25 substrate for the second layer. Even though the abstract of the publication
speaks of two or more stacked layers or memory cells, the description
disclosed a two-layer embodiment where particularly vertical metal contacts
in the form of holes through the layers have been provided in order to obtain
the necessary electrical interconnection through the layers.

30 US patent no. 5 383 269 (Rathmell & al.) does not concern a circuit, but a
three-dimensional interconnection device for integrated circuits which allows
interconnection of a plurality of circuit chips into a module with a standard
footprint for mounting by means of different technologies. Each integrated
circuit is mounted on an interconnect slice and the slices are stacked together

35 with electrical connections from a slice layer to the next. The slices may be
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5 714 768 (Ovshinsky & al.) a computational unit with a processor and a
particular memory array in thin-film technology mounted over the processor
on the top of the device and evidently based on inorganic material which may
attain different electrical resistance values in response to selected electrical
35 input signals to the separate memory cell. This publication, however,
particularly concerns special memory elements in the form of so-called
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Another object is to avoid the use of conventional dynamic DRAMs, but
instead realizing the memory unit in a technology which both allow fast

30 access and large capacity with possibilities for a functional configuration of
the memory unit in sub-units which separately for instance provide RAM
functions, ROM functions or mass storage functions.

A third object is specifically to reduce every form of latency, such that
processor performance and memory access can be adapted optimally and
35 preferably such that cache memories in the processing unit are avoided.



1418 0 CT 2002 fig, 7a, b schematically respectively in plan vi ewpq‘ugm 00
cross section a nenory which nmay be usedoin the storage unit in the d
processi ng device according to the invention fig. 7c, d sections through a

Sect on ¢ hr LG SBEHI S SHSAHBRE TBPIE t“%ﬁp%‘@mﬁaw iebiteelins i

fig. 7a, fi @arilgelapr@eéésu@gl mﬂelg@atgb ¢h 6h@GAA_hYRAMCAIREIaSe NGhegieerial
stacked nmendry | aye a detail t he storag%unlt in fig. 7g,

of
fig. 8a, sbcoeeermést%e&swmprﬁﬂ 8841 &8 l@éE’trPc%aa PERFSFSRW a t hird

embodi ment  @fciatdBRARY Withl @R cWHikciRy BawseathroReddtes WomiNgim fig. 7 a,
fig. 9 the funcﬁiercfent al enbodi nent of the nenory ‘el enent shown |n fig. 8, 15
a

fig. 10° schPakd Ily the electrode matrix used in the nmenory in fig. 7a
and with use of nmenory elenents in the enbodi nent as shown in fig. 8, fig.
11 a first fA éifth ebfeecofthansiettiom {sRicealae che inte gbatedsixa iprot ¢ imiat a

rocessin evi ce _according.to the inventi fiel d-effect
P onsr ot o) SRV Tnes YBLonERic fon i Ror i M kdref P afuR SRR LB g £
tﬂe ijnvent I doth hbgzoxg&lky ard lvdrtiml)drreﬂfeeﬁcblumammcs:tnﬁgunfatmh tnsqyro:yeduaﬁd in
t he data processi,n evi ce .ac n t he i.nvention | 0.0,14 ourt
el gt peoPRRAlderEhn AR Re b, Gt b B et e aBf Bty e
accordifhg t prcbdeSI mlbemndﬁnﬂJl@neﬂaﬁs]@/ tocteehmt ithe satd iransfdrrategbeavebnode
structure generate a conversion of layer material and which may be used
in the data 98%@§9Pﬁétsdevi ce according to the invention, fig. 16 a

schematic section of a MOSFET structure gener at ed b% conversion of the
| ayer mat er i[&e abayevimieaoray apd atbegobigciharaaghicpedaeseidipgdehee 30

according t ﬂlxﬁé?ﬁldﬂ‘%%tﬂh‘érﬁata lpr§céss§1é’d@v1jee2\99?ehf 1s%ha¥2&eﬁz§8hﬁqﬁhﬂ €ach

section through a logic i nverfer struct
structure i HlarméayemSJﬁan\ﬁAqura riyaliy Ggé‘dlb aa{efaaéh@a%ﬁfﬂpﬂ&ééx%r ?anﬂé’\?%e

according t gefifftddy&Mfdn@Rwith a given geometrical form, that the delimited portions

form respectively dielectric, semiconducting or electrical conducting areas in
the sublayer, the sublayer in addition to at least one dielectric portion
comprising one or more semiconducting and/or electrical conducting
portions, that specific delimited portions with a given electrical property in

20 each sublayer are provided in registering relationship to one or more
corresponding portions in at least one of the adjacent neighbour sublayers,
such that the specific portions provided in this manner form integrated circuit
elements which delimited in the plane of the sublayers extend vertically
through one or more sublayers, each circuit element dependent on

25 composition and electrical properties forming active and/or passive circuit
elements in each main layer, that the active and/or passive elements
comprise, but are not restricted to respectively resistors, capacitors, diodes,
transistors and memory elements which in each case are provided and
mutually electrically interconnected to realize one or more processors and/or

30 one or more memories in a main layer in question, that the electrical
conducting structures are formed by the electrical conducting portions in the
sublayer and respectively extend horizontally in order to create horizontal
electrical conducting structures or are provided in registering connection
with corresponding electrical conducting portions in one or more neighbour

35 sublayers adjacent to the sublayer, such that the electrical conducting
structures integrated in the sublayers form three-dimensional electrical



fig. 17b a schematic section through a variant of the inverter struch%aﬁagﬁ
fig. 5 17a, fig. 18 the equivalent diagramof an AND gate realized i 0
technol ogy, fig. 19a-d in plan view the sublayers in an AND gate structure
realized in thin-filmtechnol ogy and according to the equival ent diagramin
fig. 18 with the use of MOSFET structureslas the one shown in fig. 16, 10 f
g. 20 the stacked AND gate structure in fig. 19, but exploded in the
separate sublayers, f g. 21 a schematically another variant of the AND gate
structure in fnn@ercczmlecwwnerr@twtaé(ssenbﬁc ataen MyBREALG intercooney the eirpridvi ded

above each ot haem'eﬂtswaéﬁem{utﬁaw hﬂﬂh&é’é amr@mlsfgﬁfdt@ﬂtwﬁanglaﬁs%dmwnwncommn

gate el ectrode, a Si ficatio he vari ant

of the enbodi nléﬁ?fsﬂﬁuﬁuﬁlj}’ %.f@ﬁﬂat%? zh%r&s%mwéaql pgdisiopabelagisisal

architectur e wtvrmlucﬁ@grbtraetuel@st@ t}hardatal plocessigndefidp¢h bedealto peteeddngbétsm and
whi ch may ed i.n.the data ﬁ)roc(?/s kahn devi ce acg rdin ‘%%o t he, i nventi on,
gl PR

20 fig. 2 Scht Fré“t‘"PBa\?Ws EHEYS?Y AR i agpNe 18f%aRf i

di stribut ed nmeordeytsysttem cinpctidd te cheerwtiionbf meada’mpeoq@saug idemice.

enbodi nent of the MMD architecture in fig. 23, fig. 25 schematically the
principle of dmndd Maﬁtagiebhﬁétnlbbélm\éﬂtfbfshﬁﬂ@ﬁ ﬁEcéBSlﬂ%rdfe\&WSh@mrdmgdofi g. 26

how t he M MD hite Lur be rea ized a_processing
devi ce accor d?trillg l?ven;% tﬁe Sub{ lygfs ln'IQne Startih n 18?’?{? aS? r?aﬁlzg(grlré%ent

invention is ttaeknalegy wémcsh pn adast lavg! @I%mfwtm@ higrarghy gonfiguieavent i on can
be realizgd i nryhBBoAANDRS oMo bdayn Pa%?scm coﬁglﬁﬁqﬁb@&%bﬂﬁﬂd’n&ﬁfo@ | el
stacked main Ia%/ers each conpos g % eb er al @ ers eci |caIIy
real i ze det er nEVdd ObPBE OF MOAF THB SRYELT SLbstantial aSEL cessgr ygrsro 7Y% i n

| ayer, and thahoreanbinelzytiBesupstantdsdy agmemdrynayers.he storage units apart
fromin one or a few | ayers, shall enploy active devices in a 'l arge degree.

This is realiZabhe yrnctise i0k anvadva blhattat e ﬁtfe@&ylﬁgqhuﬁ@a dihch
shal | be discuyssed nor

h
Form this i o Sigdsonherre attibfhubisy s fe i lsgskof‘s‘wﬁpfl”t?i&a&%ﬁ%?@%; of
respecti Vidl y aspmscegsore pragessors anphrss aflorneesr mbrevprosessorsyae deashine V2.

i's provided ony8ceidbstéRkRutthg IQ@ntsrk'lb&IoE@sts uﬁ?)ﬁr BHErd RSRBGEInkRe Hﬁﬂe of
silicon and the thereabove realize t gﬂjocessor | ayer

pr
wher o n at 1 cdEPOSEE S e BradRSSol T protssoam aRpnily bRBEuded and
possi bly one montﬁngusedlﬂs mﬂtalcalndémcboumnmnan@m prutepsars esspecsvelyhe processor

layer hence wig k?lfeeéxﬁhkﬁ‘{g)r{?&@%’%g%ﬂﬁtsthéﬂ%oﬁﬁﬁu}’&' ﬂup@ﬁoﬁaq U%E din

i nor ganl C sem con ?I I nstance 0O I con rate.
Above t hetOpr oéé§§d¢‘/q1&>féhe ferctipng b’reéfﬁ@ yradrampralig) erecapmor with severpl ch
constitute thesx&&@tﬁ@ganiﬂ@wormgtlhq:aetatea pB6 1868 s Bﬂe QE(Y't}Ceesaﬁhﬁ@mlﬁ[rQMlyéled in

stacked 15 confi.guration, the. separate r Vi ded i
separate mam)r); ﬁ Oréﬂ‘?ﬂrechﬁ\‘ni lég?réé)rég S’fl‘?)lray?rﬁitlg gg(hﬁ %%R% BLE or
1nterconnect1on topology. If there in this embodiment alternatwely is more
than one central processing unit, can each central processing unit be mutually
25 interconnected and adapted for working in parallel and provided in one and
the same main layer or in two or more main layers to provide an optimal
interconnection topology.

In the same advantageous embodiment according to the invention the storage
unit in a main layer is configured functionally on the second level of the

30 functional hierarchy as one or more memories or parts of one or more
memories, at least one memory constituting a RAM and being connected with
at least one control processing unit or microprocessor, and possible further
memories optionally being configured as high-speed memories, ROMs,
WORM, ERASABLE and REWRITEABLE respectively.



REWRI TEABLE, the | ast-nentioned concept covering both erasable and 1%0[;] 2007
rewiteable nenories. It is to be understood that each |ayer P, Min the
data processing device in fig. 2 conprises electrical conducting
structures, either 20 horizontal or vertical, which provide connection

bet ween t he JgaRloERHeztion i@asadyayrigeanstidiewayemndre ReARR sescontRicgedshal |
be di scussed nor e cIoseI i,n the foll ow n& ?]g/:é?sé 3 shows nore ex I|C|tly a

first enmboditfPr@ntendraliiecessing Yndcandrergeary BEAHONV e 8T e Wé‘ﬁ‘ﬁ on

and subst anti ahé ¥ehRal pEREsSimg et RANs kadehe @liblifiRs BoidgudatiipnRld in
hi erarchy. Hefe once again the processor | a) eLa Pis grow ded on,a substrate

S and will &§lastsdrembipations HePRG O FNKSIRRM: LYEIRIP BRoWAe A8iatyPal i n or der

to real§ze gRRréSnHERRICOMIIGLy.Processors and possible control and
comuni cati on processors. Above t he pr ocessor layer P a nmenory interface 1

Rt S O LA L e
t he pr ocessaoniﬁag/ted withrohet dmenmleam{ommaxyé?%h/l\/bataﬁdﬁme?wh ;cenhtealf ?meismg

t own _hor el,ectrica in ruct ur
connect | on_ HeTuRderHabboRLTuEg 8wty SR mBadab s, it St DR A
conducti ng stlegtddicembimations bétyaeantowvy of amesna»ﬂnckayesyeddttheebmhoncal

c19% St SOnREEM S8R Ao U8 FFa o 05 PRy 0 HIRTRORL ¥ o 2

figure. For ma1mlayérscarﬁ/6r ﬂﬂ@ﬁe @achomammrryorydyﬁcrsl\dﬂl]aMt to thé éatéeraoee

provi ded Cog e iLoturn
be generat edﬁt%gﬁopdgél@horl %J?O 3%‘? aﬁ pt1 ﬁlrtléltg:a con %55'1%5/
structures in the nenor bus nmpdul e 2 gure 4 shows anot her errbodl ment
of the dataF w@béggmh@tﬁ@ﬁmboé%mtonfﬁ&esnven@% adygaiaeesnsly & lseftc?faaltthe
processor | af¢he E’tdrﬁ Onav elatbtRitd @mﬁybﬁém@he the riNs! 1B efrltRy HRATY;

RN e A T o

provi ded abgyeoldinaBons Yhdreberface 1, but in this enbodi nent a separate
menory bus nodul e has been renounced. Instead the nenory 10 buses 2 are in
their entir aene, r I‘ﬂ,%g. ures which
extend to tﬁ%gﬁemréﬁﬁﬁ&ta&%ﬁlhk/gﬂwﬁ it giled(gﬁgg%&égg%o%%y&%he menory
i nterface 1cornﬁ>éls|¢e@gvyrabmegeszopdwra@nd@ﬁﬁea iTBHMOTY TS HbaNmeeressi ng
ines for MRREL e8n llvhifethaSROR ot to @éd&d@th%dngﬁélﬁbaﬁHs khéRs efip¥ed e

provided in the formo rizonta ectrl 15 ¢ ting structures in
each mfhor yandye precasser &y4ss pe 1f1FF‘é forated 3%6%9@” %}ﬁfch is |ocated

cl osest to the processor layer P, is realized with wite/read nmenories
(RAM such fAhkabrdinhg teithedhvpatibs claatadeentalg&%ahydthtelfertybmeocéaﬁncal ayer P

b

namber of FRoudind RERH e FHGIREE o ciicdlledd®eoRReb G0 Bt o
2, particul brdsyope sidaledgé of oaacir rRON maiie hayers $n jogderHiowsonitact ¢lectrienlr e.
The remai ni BQnﬁ'Iﬁ?cfzfg{g/ #rﬂc\fﬁfrés MP other ﬂMﬁfnt Egggeyarlﬂﬁ’op eeFiak d1fc ﬁc\;’lﬁr y ' arge

nunmber can rea € mass nenory at a processi n eVI ce. It IS
howevedS t oChenenitiuy Betyiren main ﬂayq@sﬁ eAdispbatreteepad Mesdsmgf: provistedaas,
di fference OéﬁtY&‘?QohH‘écﬁHg%'tﬁﬁ't ‘é‘%'o%%tdr%oi?é rr{a‘?ﬁl@%rb‘éﬁhyfo Myeafpgkdihe 25

mass nmenory, as the nenor i separate menory | ayers can e realized in
preci sel y tﬁ@mé%ﬁ*f@ftsel@htﬁél%gﬁ dSieﬁflloarO fithe pppin: lagersdid BREPSRJIHEALE nay be

realized w fm.-lfrg ek 88 da/abprb bsnfafa@uec@ﬁéa r&mﬁ@m o' 2AldtaRd iaSHthEs ;re(lﬁead
menori es, ERASABL nprise nme

ies o
type WORM (\Avierga @étomgaal%ﬁvcw?ﬁ@nnseuw%eéws%n weam@nﬁa-yegéaaﬂate
mai N |\Ayer sq@sgAdteli ng to the invention as nentioned realized in the form of
a nunber of thin sublayers in a technology and with materials which nmake it

Bnd one o AseardiaE oiths CRLCa R Bk Fanp (P et inlr) SRR e FRRPEDG . 1"

di scussed nforenad of ehorganichihiBiliwhiabdewialg the organicithin-fidm manmfadto_ron be
? grpr f E“r ;a;ﬁg%g%téal%gbﬁég ggﬁﬁhg?gﬁgcﬁommﬁﬁ? oﬁi%rmﬁe?% hfd Bgl}hﬂgfigﬁ' n layers

organic materials and metal-organic complexes, or combinations of materials



~s 1 8 0 C1 2002 hierarchy, wherein the first level in the functionalwgm 2007

hi erarchy configures the layers functionglly as either conbined processor
or nenory |ayers or as separate processor or nenory |ayers. The second
evel in the  FynsiiiaRaly S dhiciakiibh dre pRERIEOR! Lo dajdie BEALESS N Unit
functional ly "as one orlé nore processor “or parts of processors and these
may as requi oegardontBir-filmematerids nore central processing units and

m croprocessors in the data processing device, and if necessary dedicated

processors OEAd%%&iin?'Sﬁb R i&&?@{mﬁglﬂ![iﬁﬁ%%ora‘%liflaﬁgéfg'e;é%whﬁt%ﬁé8} d/fkin

conmmuni cati on processors. . f I | evel the tunctional_ hierarchy
the technol odgyeappre ermehpéipprganihthinellkp dnpicsiel uiie ioprganic dhisafidme

processof, ra{atéﬂérapﬁpdteﬂgls%ah Ak ROF 8RS ﬂly@%atniaé, ﬁoxggﬁgkmﬂnep{{gpessor

wi th several execution units worKjing in payal _ce . Corresp ingly t
appl i ed t echABIGphows thiRelibBdpABIIad,dr GIMbHEtonsali BaArials ef BisHjingdi | |
configure the storage unit functionally as one or nore nenories or parts of
menori es. OnFidelyt banm detendéhg o thbén¥emidn adwdntheswls oyie iy moge arainor e
menori es may, be r}t aIJj zed aoi and.the(ﬁ.be con%ﬁﬁt e%@wﬁ%f onf or nore
central proctérsge formed ntbOtho%r§?B1°earf MY EA HeHBRT CHptSi%nal Iy be
gﬁnfi gured aaomb@zﬁat?%@dgnﬁm i('gl%gofdtﬂi@vk. %dwh &g&%&h&-ﬁ?mtﬂﬁh VHEQ]EABLE. ”
ese ries . ma en be,included in € nass ,Mennry o st orage uni
and i f they HRLCHENEGAESEISHCDAMEREIRENOTET GRANGCTEHEE 81 BRLYTRES
\r/\ﬁal iht y behabf@rﬁefm\s:tekiabﬁax%hvfﬁ;ta};utgamt lmof@lekasf,g:&[]ccﬂﬁl@imag'ensﬁ}f&ﬁhﬁeyiaﬂklan
ichis the se .f.or, conyentional . RAVS. . .However., . there i. ot.hi ng, agai nst
that the appPf DHSCLERnEr UG MG epnic QU 7157 HratEfin, br s iRine RIS age
capaci ti}lest mmknzgfcaysmmae,ldpmlgds%s'tslliahyrm_d @m@ﬁ%ﬁowulgm&_éxtﬂ-hfdm mtrmxgam, or t
sem conduct qr, e i ng Wi a storage capacity
whi ch apprpagﬁggu?%g&%agén?ﬁ%iélaeocif:tgﬂ)sagﬁcé of common PCs. The
above-nmenti oned features and advantages are realizable by the data
processihg déhedaveriden ghal noyw beexphiiastilganaimpdetant nAdnuepipAgvBsed on

conponents r @ﬁérh?%i dfNetBbAiheh @ 4RCHRG %ren%%rtb'tﬁé|a@§éﬁiphﬂyin@a&rawings
connection 30 will the sublayers appear as separate thin-Tilns and nay be
conbi ned, foWherindhesapie 1"%%{%%%{“ &% BOFRRHY [dgpates simplar H%tSpBHEessor

| ayers and/ ovhee¢tarsini Birgasts hot éVeyaticry BacobrenerbsidedohitAsefdience
transistors in_the processor.s sem conducting thin-filmmterials may be
used and whi CHTYE]S IF 'WBFfﬁiﬂi c, organic, anorphous or polycrystalline.
19180 CT 2002 In the nmenory materials and | ogic devices a non-volatile

t hi n- el29 mat Beree | lyichehassalacadiubeen mentiomede selpmatiealtyssiawneai lRAN gi ven
logic state wmths:@é&opEnibmﬁfroaepstdr%cbmihgemaﬁwaﬁyppl y. Particularly the

thin-filmmaterials which are used for realizing nenories in 5 a nenory

| ayer may be.sugh they. spontaneousl.y form di,ode junct.ions_and they. my in
ado 1 on al BEnd e BATRALER Bieirb RhE d g AR R R bRt Yory
wi || make podeifrescnidmhvessiongnsedretassinther fornhef siacked ésyeas,e confi gured as
electrically addressabl e passive matrices whi ch make possi bl e hi gh storage

density and ﬁg'. 3s@feMa®icale @ﬁ?ﬁcérﬁwo&\ﬂnﬁm%ft@l'EYda'?ééE_tpirM&séﬂlgC@ém%entS bei ng
necessary. Particul ar whol e nenory | ayer may in each separate case be

l'y thé
realized in 3HOr m&ﬁ%?henwny%dm es enbodied in thin-filmtechnol ogy.
Technically it is well-known how this nay be realized, for instance by
successi ve dfgodischematicatlyes sepadatrabbdireest afithe dampoocesshsg datiee or by

j 0i ni ng sepay at t hi | £ supporting layers. This shall 15 also be
di scussed i nﬁ%&ﬁg%{ogﬁe %nﬁleﬁﬁignfol | owi ng. There shall now with reference
to fig. 5 be_described a third enbodi nent of the data processing device
accor di ng t ofigné schematicaly athird gmbodimgnk of the datackesessieg Weviitder ed
embodi nent . 4d4bdrBing &IBRMiRALoeveral processor layers P are used. The
first of these processor layers Pi is provided adjacent 20 to a processor

Interfage 3 ﬁ@' 8%0&1&1'&%%%}1?% S RRE oG SRR Eigfaepr%'cegs%g device

according to the invention,



foliated between a first P1 and second processor |ayer P2 which, sucq BthtFZUUZ
is indicated in the drawing, may conpri 3£ several processors 5, a firs
menory | ayer ML and one or nore RAMS 6 assigned to the processor 5 in the
processor |ayer, P1 e provjded. Above the nenory |ayer ML the second 25
processor |§ge?aﬁzsgﬁ¢ma%§amtrﬁ5&féwﬁ “Enpé%‘é&%%'/éng FRES sc<iYyhadneRaFtto a
nmenory | ayeyhi¢h aibO0SedPin Y SoRidSuhitagsthgnida peotdrsims deeReAccobdinge
processor |ayer P2° Above the nenory |layer M2 now follows a third processor
| ayer P3 whicHWCIGXFRLIRBY conprise several processors 5 and then fol l ows the
menory |ayer M3 with one ore nore RAMS 6 assigned to the 30 processors in

t he processfig. Tayése&3ond throsgha fiestmmbodinoent ¢fhamedrheryneleneentdh theocessor
| ayers .P wi t h _assi. d M| ayers ML, M2, M3 may well be larger than 3, and
that tHRe en@&&?%r}ﬁrﬁ% hown in fig. 5 of course is purely schematic and
exenplifying. Above the nmenory |layer MB a nmenory interface 1 is provided
and above tHigs768 Sestioovbréugh heecardwmbadiyand ofip meBiory ¢lemenydn yhe ar ge
nunber and : OcCr Zoo2 may well realize a mass nenory in the
data pr oceséllleﬁ{goqﬁel\r}izfg%jﬁhese further nenory |ayers M4, M5 as via nmenory
buses 2 rea iz;zd in the tIt]lormof vertical, el ectri,cal conqucting structures,
conveyed t olBhé8 AeTRsHiPn thi ey gl astaragedinit ABIIISIBE peXrkal stacked RematY RAM i n
t he nenory [Iawﬁ,r,s M, M M3 also 5 conveyed to the nenory interface through
the separate’|l ayers extending via vertical nenory buses 2. In addition

menor y ,bus 7 i e I the separate RAMS are

provi gcgd b?%l@t%ﬂr"@éé%&%ﬁg 4nﬁt?rggitg§r essor layers Pl1, P2, P3 and
assigned RAMin the nmenory | ayers ML, M2, M3. For each processor, 5 two such
menory bussiég. ¥a.28% & eRsReEdrCONSHSBBEF RS %FCfIQHiME]étneV@@b&ﬂg’cré

i nstructi oneapddRémt OUSafemdf) SlenfetiwhRiN S8y He CWid iR meltttyIhaEEsSOr
interface 3 is connected to possible external "units over an 1/0-bus and

correspondi?*?gly an 1/0-bus 9 is provided for the nmenory interface 1. In the
enbodi mrent as shown in fig. 5 is particularly provided a data 15 processing
devi ce whi cffiga® ¢loe dimdarhentahembodintend ofithe goerhiogy ebeom ewt $hewm dmifie. 8f

processors 5 and at |east the correspondi ng nunber of RAMS assigned to the

procegsor s.fiBy1 ¢ eahétficMdy tHE e RIcRERRSMAG i X Ristd Wh tthe SEMABA) iPFRCTaseds and
provi di ng eaﬁﬁdfsroc ssor wth one or _nore tjcal

RAMs, where the ver
configurati'y Ct groay slements i ihearmbadimens ?so%ﬁo‘ﬁn\}grfgg'l rge 20
transfer rate, it will to a |large degree be possible to solve the |atency

probl ens eviép. W eHitsafipdd tedfentittinséstoo FEAe whichpoay deatsedamsthewtda t he
RAME addi tiﬁ%@ééﬂn@@?vh{@é@&ﬁﬁ% tq"‘}ﬁehintx%?lt@l ¢l ogi es which shall be
et ai eTo

di scussed i'n noré nt ow ng, pafrticularly technol ogi es which

al | ow addr essi in parallel and with full exploitation .of, a ry large

t ransf er 23?%'a G\AS&PEHQ?QSVG@?‘F({\}E?VI tioéﬁ”lélfﬁllﬁal’ itbﬁéfseHH@ %F&il?l%%m with the
above20ent ippoedssing deetoegstdrdily tu tieess@ntipes f or mance and | ong access tine
can be elimnated. In reality there may in a suitable architecture be

realized a gat I L1og ' i i "y
aral el A B e T T B Bt dbing
processor, deice according to the invention,

fig. 14 a fourth field-effect transistor which may be used in the data

processing device according to the invention,

25 fig. 15 a schematic section through a diode structure generated by a
conversion of layer material and which may be used in the data processing
device according to the invention,

fig. 16 a schematic section of a MOSFET structure generated by conversion
of the layer material and which may be used in the data processing device
30 according to the invention,



30 instance by using parallel processing also in the processor itselfqgany 2002
i ntegrated data processing device is redbized with a capacity which
approaches or exceeds known superconputers inplenmented in conventi onal

t echnol ogy. r i IS o i i 1

processor blgl?}_%@g%@ﬁﬁ&@i@%ﬁ gﬁ’é’?b@?‘r &@Wﬂ{é&dg‘é%?é@gé%ﬁgﬁ 0 Ieoggor S
5 whi ch 35 pleMOSFERstrweiuke im figarldl ard wdrigh whay he aisedrinttbaldaga connect ed
over the pr j AW ided in close connection to
one or nor e%?@ée}?{néﬂgv@e%r&gg%cgn%iﬁat}l%?gz?ﬂd@ésfﬁ,not only an enbodi ment which
in a large gegre% elimnates the |atency prQbIenF, but al so due to. the
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241 80 C1 1Ud different layers in the data processing device, as tziBSUCT 2000
schematically is indicated in fig. 7b which shows a section through th
menory in fig. 7a taken along one of the electrodes 12. Fig. 7c and 7d show

sections through the s rate no I 4 whi;ch is fornmed in
i ntersecti oﬁaglgl’m‘ﬁryaﬁa%%r%ér in eg?ég% Pﬁ%\a?i c&a@%gﬂggﬁf&ﬁeﬁcﬁg%uses
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L e B I e R e
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In a variant of the nenory device in fig. 7a, where the nmenory device in 20
itself still has the sane electric confiiguration, the nenmory materi all 810CT 2002
used may be a thin filmof ferroelectric material as a ferroelectric
material of this kind under an applied electric field may attain a first or
second pol aﬂmmmhm wheitetn ainel fipst lewel ohidnt ﬁmmnomaﬁhmdeli}edoﬁfgtlﬁestmeone of
t he polarizztlon { nd fr mtheflr t to the se farlsatlon state
or vice ver s&°TAHBE 18“%1 Iasf SF cQmihg Wet Preiengher InhelﬂﬁVP HERS BE 4P eal i zed
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connecti on bfatsgvemaglaeapg wflcayathisn W@nd an underlying nenory interface 3
with and I/GOnterface 9 such this is shown in fig, 79. A particularly
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underlying e trode and a thereabove, overlying ele
over | yithg~ ewebthegeb hayers]apn@arqur%qparayé Inykloig thﬁ Fomb @@,ect,rf@r

under | yi ng. flsegideasle 14 id il es Yesinaniag ﬁ%tﬂ??ﬁb&eés@)‘% %a%ﬂ&(

correspondi ngly the overly ng el ectrode in.t menor a er
const i t ut esTEROTYIGXETSylAGh @IaéEWGQ@PPIICﬂFﬁ FHe % the gr.aﬁglst%ryén thR+1. Thus,

the menory e@@a:@sseﬁhewﬁdhalﬁgﬂmeahﬁrfﬂat%mw MéhE'e@aH&'W:’iﬁéh'rﬁX?r M

nmay cone o n+l el ectrode s 2 instead of 2n electrode Sets as
shown in thge é%@f@éﬂh‘?erﬂrgﬁﬁl% jagnorp 0“?\05@9 Cdbi?tétl]i”é‘?r of this 35 kind of the
el ectrodes in a stacked | ogic device or a menory unit realized in a stacked
configuration is disclosed in NO patent application 980871 which hereby is
i ncorporated as reference and has been assigned to the applicant.



27 1 8 0 C1 2002 There shall now be described a further technical s?l uﬁd ozn
for realizing a logic device or nenory device for use in the data 8 0CT 2002
processi ng device according to the present invention. This is achieved with
an el ectrode neans which is discussed in nore detail in NO patent

appl i cat i on J91B89Rembi¢ mdterielyaridlogic devides aan - vasatilef i eftien afulefiab been
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plan view in fig. 7f 1n a section taken along the line A-A’ in fig. 7c. Here the

overlying electrode 12 is spaced apart from the underlying intersecting

electrode 11 by an isolating step 15°. The active area in the ferroelectric thin

35 film will then appear as thin stripes on both sides of the electrode 12 as
shown in fig. 7e and extend towards the underlying electrode 12 such this is
shown in fig. 7f and where the field lines furthermore are indicated by
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35 As shown in fig. 8a, the functional element 17 is realized as a separate
element and provided at intersection of the electrodes 11, 12, but above and
on the top of the contact layer 16. The first electrode 11 can advantageously
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42 1 8 0 C T 2002 shown in fig. 14d. This horizontal current path 27? CT 2007
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there would be nothmg against that the material in the contact layer was an
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30 vertical step 26 is provided an isolating material 24 which constitutes the
gate isolator of the field-effect transistor. Over the top of the third electrode
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vertical step 6 and down to the first electrode 22 which may be the drain
electrode of the transistor, is provided a layer 23 of active semiconducting

35 material which may be an amorphous, polycrystalline or microcrystalline,
inorganic or organic semiconducting material.
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35 semi-conducting components where the semiconductors are based on organic
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comparable with the thickness of the polyimide substrate 20. Above the

PANI film 22 a further layer 23 is deposited in the form of polythienylene

vinylene or PTV which is an organic semiconducting material. The PTV

layer 23 is typically 50 nm thick and may be deposited by known film

35 deposition technologies. The semiconducting PTV film determines
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35 with a determined degree and mode of electrical conductivity, such that they
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electrodes and current paths in the separate sublayer, or as semiconducting
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The data processing device according to the present invention will preferably
be built in the form of stacked layers on a crystalline semiconductor
substrate, for instance of silicon and with a thereupon following layer

15 realized in a compatible inorganic semiconductor technology. This first layer
may preferably be a processor layer P or constitute a processor interface or a
combination of a processor layer and a processor interface, as the latter may
contribute to a controlled or dynamic connectivity of multiprocessor
networks realized in another, for instance organic technology, and provided

20 in processor layers P or combined processor and memory layers MP stacked
above the bottom layer which is embodied in conventional inorganic
semiconductor technology. Thus is obtained a hybrid inorganic/organic
embodiment, the architecture of which allows high-speed processor circuits
combined with further processors and memories based on amorphous and

25 polycrystalline materials provided in stacked layers above the inorganic
semiconductor layer. The complete data processing device will thus appear as
a hybrid and include conventional semiconductor technologies, for instance
based on silicon, but possibly also on gallium arsenide technology, and in
addition with further use of organic materials and appurtenant technology for

30 generation of respectively processor and memory layers P, M, MP in such
materials with the use of per se known methods for deposition, patterning
and physical-chemical processing. An important feature of this hybrid
embodiment is that for instance silicon-based circuits in the substrate may be
fabricated in standard production lines for silicon technology without danger

35 or pollution from organic materials. The layers which are made of organic
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semiconducting structures. The separate layers and sublayers may for

15 instance be generated by processing, for instance for photoconversion of thin
films, in a continuous line, whereafter the layers are laminated together to
form the stacked structure. The photoconversion may also take place in
already stacked, non-processed layers, but this presupposes that the stack
then comprises layers where the material in each layer are spectral-selective,

20 such that it is photoconverted only by use of radiation in a wavelength range
specific for the separate layer and varying from layer to layer. The
photoconversion must then start with the lowest layer in the stack. However,
a method of this kind will limit the number of layers which may be stacked.

If the processing of the layers take place separately in continous lines, where
25 each layer or sublayer on the various steps in the line goes through different
processing procedures, sublayers may be joined to main layers and main
layers into the stacked structure in as large number as will be practically
possible. The use of organic materials in the layers and photoconversion
processes allow a far simpler and cheaper fabrication than which is the case
30 with today's inorganic semiconductor technology. Using reel-to-reel
processing allows the production to take place in large volumes and high
speed and without essential dimensional restrictions. In the joining of the
separate sublayers into main layers and the main layers into a stacked
configuration, the registration between the layers, however, will be critical,
35 among other in order to insure that vertical conducting structures in the
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U& ()- 5 structures, but may also practically be solved by use of e.g. interferometric
methods or with the use of mechanical or electrical nanotechnology. The
production methods used for realizing the data processing device according
to the invention, however, lies outside the scope of the invention, but some
relevant technologies are described in the patent publications and literature

10 references cited in the application, and shall be regarded as incorporated by

reference.

The data processing device according to the invention eliminates wholly the
disadvantages that all functional units which comprise active components
must be able to access a substrate. This have dramatic consequences for the

15 possibilities which open to the designer, and the data processing device
according to the present invention hence will be able to implement radical
new solutions for data processing with resulting advantages in regard of
performance.

Thus the data processing device according to the invention is in principle

20 unlimited scaleable on the first level of the functional hierarchy, as there in
principle is no limit as to how many processors and memory layers P, M, or
combinations MP thereof which may be used. On the second leve] of the
functional hierarchy the scaleability is unlimited to the same degree, as the
data processing device may be realized with as many processors as desired,

25 while the use of layers in the stacked configuration and vertical electrical
conducting structures makes possible an optimal interconnection topology for
a network of processors which are to work in parallel. Correspondingly, the
second level of the functional hierarchy also provides an unlimited
scaleability for the different memory types which are included in the storage

30 unit, and in principle the difference between RAMs and mass memory will
only be dependent on how the addressing takes place, as it preferably to each
RAM will be assigned a dedicated processor in order to optimize the
accessing of data and the transfer of these to the central processing units.
Once again the use of vertical current paths will provide optimally short

35 signal paths and the latency problems which will be present when using prior
art, will substantially be eliminated. Finally, the data processing device on a
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5  hierarchy offer a possibility for scaleable processing, either by on the second
level using processors which work in parallel and are connected with optimal
interconnectivity in a network which allows implementation of a common
processor in three dimensions or by using scaleable architecture in the
separate processor, for instance by “superpipelining” in pipeline processors
10 or by using parallel architectures based on a replication with in principle
unlimited scaling and optimal interconnectivity. Particularly the data
processing device according to the invention makes it simple to use
interfoliated memories, that is memory layers M interfoliated between
processor layers P, or combined memory and processor layers MP with
15 resulting reduction of latency and increased performance. This implies that
the data processing device according to the invention provides unique
possibilities for realizing all kinds of MIMD architectures, that is computer
architectures which use MIMD processing (Multiple Instructions, Multiple
Data).

20 A brief mention will now be given of how the data processing device according to
the invention may be used for realizing scaleable MIMD architectures and how
an IRAM concept may be used for tolerating and hiding latency and
downtime which may appear in a scaleable data processing device.

As mentioned above, basically scaleability is available also on the third level
25 on the functional hierarchy which implements specific processor or memory
architectures. Concerning the memory unit in the data processing device
according to the invention there are no generic difference between the
separate memory types, as they physically are based on the same principle.
The configuration of memories in the memory unit on the second level of the
30 functional hierarchy will be determining whether the respective memories are
implemented as a RAM or a mass storage memory. The difference between a
RAM and a mass storage memory will hence be one of scale and the
addressing mode used. In principle a RAM may be made so to say unlimited
large and typically there will in the data processing device.according to the
35 invention be used a RAM which separately will store from 100 Mbyte to
1 Gbyte. RAMs of this size imply that accessing and addressing of data
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instruction-based operations. A scheme of this kind realizes an IRAM
concept, which shall be discussed in somewhat greater detail in the

following.

10 The architecture of processors, in the following denoted as CPU, in the
processing unit lies outside the scope of the present invention, but it is to be
understood that the data processing device on the third level of the functional
hierarchy may realize most of the known forms of the CPUs, including CPUs
based on parallel architectures. For the purpose of the present invention it

15 may be particularly appropriate to combine data parallelism and functional
parallelism, e.g. by using processors which employ a vector architecture for
data parallelism, while the functional parallelism simultaneously is realized
by means of a pipeline architecture. Schematically this is shown in fig. 22
which at the same time also illustrates the concept of parallelism by

20 replication. A number of pipelines PL1, PL2, ... PL are each made up of
execution units EU1, EU2,... The different sets of input data D;, is conveyed
to each separate pipeline and processed according to specific instructions I1,
I12,... in the respective execution units EU1, EU2,... on each step in the
pipeline PL in question, which outputs a set of output data D,,,. Sets of input

25 data are loaded consecutively, such that after the execution of instruction I1
in an execution EU1 of the first stage in a pipeline PL, the data set transfers
further to the next execution unit EU2 which executes according to
instruction I2 etc. Simultaneously new data sets are delivered consecutively
to each separate pipeline PL which in this way performs data processing

30 operations not unlike a production process based on assembly line
technology. The processor comprises a large number of pipeline PL which all
works in parallel. This introduces a new concept of parallelism, namely
replication. In this case parallelism is also achieved by replication of
functional units, viz. pipelines PL which are present in a great number and

35 works in parallel. It shall in this connection remarked that it will be of
importance to avoid latency, for instance due to lack of parallelism between
functional units, in this case pipelines, and in addition due to latency which
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h& ()-!'y  processing speed will hence be obtained by massive parallelism in the form
of replication. Finally, it is to be remarked that from a logical point of view
5 different types of pipelines will be present, for instance for operations on
integers or floating numbers or for executing memory access and storage.
Dependent of the logic type of pipeline the number of stages in the pipeline
in question shall vary and for instance will pipelines for processing integer
instructions or logic instructions typically comprise four to six stages, while a
10 pipeline for executing floating number operations typically shall have a
couple of steps more. It may also be mentioned that multifunctional pipelines
are known, wherein all kinds of instructions, be they integer instructions,
floating number instructions and logic instructions, are processed in the same
physical pipeline, which when it comprises many stages and execution units,
15 i.e. 10-15 or more, is termed a superpipeline. .

Which is of interest for the purpose of the present invention is that the
stratified embodiment of the data processing device allows a realization of
microprocessors with a large number of pipelines in replication implemented
as vertical structures, i.e. each pipeline extends to a number of sublayers in

20 the processor layer in question. The separate execution units EU within each
pipeline PL could similarly be constructed with substantially vertical
structures, for instance may they comprise logic gates realized fairly similarly
to that which is shown in fig. 20.

The realization of different processor architectures which may be appropriate
25 for use in the present invention, does as mentioned not fall within the scope
of the invention, but it is to be remarked that generally on the third level of
the functional hierarchy almost unlimited possibilities exist for realizing a
desired processor architecture, whether it is based on data parallel or
functional parallel concepts or with the use of replication and pipelines in
30 combination.

Particularly it is an object of the present invention to be able to realize a

parallel architecture on thread or process level. This implies that the data

processing device according to the invention is realized as an MIMD

computer. MIMD computers are the most general class of parallel computers,
35 as they allow autonomous operations on data set by means of a set of
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instructions. The threads are, however, generated within and belong to the
5 process. All threads which are generated within a process share the resources
of the process, particularly the address base. In other words, a process thread
model has a more fine-grained distribution model than the process model
itself. Generally, MIMD parallel computers are regarded as representing the
data technology of the future and this view has gradually been all
10 predominant in step with the advances within integrated circuit technology
which has made it possible to make microprocessors which are relatively
simple and at low cost may be connected into a multiprocessor system. In the
last half of the nineties MIMD computers in the form of massively parallel
systems have been made with more than one thousand processors. These
15 systems are as a rule called scalable parallel computers. The data processing
device according to the present invention is well suited for realizing scalable
MIMD parallel computers of this kind, as scaling may take place both at the
first level of the hierarchy, i.e. the computer may be realized with a large
number of processor layers and correspondingly scaled numbers of memory
20 layers, and on the second level of the functional hierarchy which makes
possible a distribution of memories and processors with the use of a network
topology which provides optimal interconnectivity. It is then no necessary
requirement that the processors themselves are realized with parallel
architecture, for instance of the kind that has been mentioned above. MIMD
25 computer architectures represent a natural generalization of a von Neumann
computer which in its simplest form consists of a single processor connected
with a single memory module. If a von Neumann computer is extended to
comprise several processors and memory modules, there are basically two
alternatives. The first alternative consists of replicating processor/memory
30 pairs and connecting them in a coupling network as separate processing
elements. None of the processing elements can access a memory module in
another processing element directly. This kind of MIMD computer are called
MIMD architectures with a distributed memory system or message delivering
MIMD architectures and may have a structure as shown in fig. 23, wherein
35 PE denotes processing elements or nodes, MM memories and CPU
processors, all nodes PEO,...PE; connected with a coupling network CN. Fig.
24 shows a more practical organization of the processing elements PE in a
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the proCessing elements PE scale such that memories MM and the processors
CPU do not scale independently of each other, which for a number of

purposes strongly may influence the flexibility of the data processing device.

10 The second alternative is forming a set of processors and memories,
respectively in separate processor layers P or in separate memory layers M or
in combined processor and memory layers MP. Any processor CPU shall be
able to access any memory module MM over a switching network SN, such
this is shown in fig. 25. The set of memory modules MMO, MM1,... defines

15 the global address space which is shared by all processors CPUO, CPUI,...
Parallel architectures of this kind are called MIMD computers with shared
memory system and are usually denoted as multiprocessor systems, while it
has been common to call MIMD architectures with distributed memory
systems for multicomputers. - As also the latter can be integrated on a data

20 processing device according to the invention, the latter denomination,
however, is less precise and should perhaps best be reserved for physically
separated data processing devices connected in networks. - Depending on
topology the switching network in MIMD architectures may be classified as
static or dynamic networks. In static networks the switching units are

25 permanently connected and typically realized as direct lines or connections
from point to point. Usually MIMD architectures with decentralised memory
systems may be based on static networks, while dynamic networks
substantially are used in multiprocessor computers, i.e. MIMD architectures
with shared memory system. In MIMD architectures with distributed memory

30 system the network essentially will be occupied with transmitting complete
messages which may be of any length, and message transmitting protocols
are hence of great importance in systems of this kind. In MIMD architectures
with shared memory system short, but frequent memory access characterizes
the common use of the network. MIMD architectures with distributed

35 memory systems offers special problems in programming, while MIMD
architectures with shared memory usually are easy programmable, as it is not
necessary to partition the code or the data and neither is it necessary to
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difficult due to the latency problems and the restrictions in the RAM capacity
in general.

As the data processing device according to the present invention makes
possible scalability on all functional levels, it shall be very well suited for

10 implementation of common technologies in order to surmount the scalability
problem in MIMD architectures with shared memory system. Firstly, the use
of a switching network which offers high transfer rate and low latency shall
to a high degree contribute to the improvement of the scalability. Further it
has been proposed that the common shared memory system shall be extended

15 with special small local memories, so-called cache memories, as a procedure
in many cases can only be executed by accessing local data which are located
in a cache memory in a processor (CPU). Unfortunately this is not always the
case, and in addition a new problem arises, the so-called cache coherency
problem which further restricts the performance of cache memory-based

20 systems. According to the present invention this is best taken care of by more
or less renouncing local memories in the separate CPU and instead establish
an IRAM concept, wherein dedicated processors are connected to each IRAM
and exclusively are used for accessing and retrieval of data under the control
of a control and communication processor which communicates with all

25 processors, both CPUs and accessing processors, over a common processor
bus. The sufficient capacity for communication and routing is ensured in an
advantageous manner once more by the layerwise construction of the data
processing device according to the invention with the use of both horizontal
and vertical electrical conducting structures which make possible an optimum

30 interconnectivity. This shall be discussed in somewhat more detail in the
following. The use of a control and communication processor, a common
processor bus and an IRAM system connected therewith makes it in addition
possible to realize a so-called virtual shared memory system or a distributed
shared memory architecture. In one regard this form of architecture

35 represents a distributed memory system, but the organization of the memory
address space is still such that the local memories, i.e. all RAMs which can
be accessed, form components of a global address space, such that every
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, $$10% / usmg MIMD architectures with shared memory system in the data processing
device according to the invention the first problem may be handled in a
simple manner by using the IRAM concept and interfoliated processor and

10 memory layers, possibly with the use of common processor and memory
layers and transfer of data controlled by a fast control and communication
processor which are shared by the network. Other solutions of these problems
have been proposed and used in known computers, for instance the use of
multithread architectures and fast context switching mechanisms which in a

15 successful manner both are able to solve latency problem in loading from
afar and the latency problem in synchronization. This method has led to the
construction of multithread computers, which, however, shall not be
described further here. Another and also essential problem with scalable
parallel computers is an effective handling of I/O devices and I/O processes.

20 This problem arises above all when large data volumes shall be transferred
between I/0O devices and distantly located processors.

In the data processing device according to the present invention it is
supposed that this partly unsolved problem shall be less essential due to the
almost unlimited scaling possibility on all functional levels. The transfer of

25 large data volumes shall essentially comprise transfer of already processed
data to external memories and peripherial devices, for instance display
devices.

The realization of an MIMD architecture with shared memory system implies
that irrespective the number of memory modules employed and irrespective

30 how these memory modules are connected with the processors, the address
spaces of all memory modules are united into a global address space which
all the time is available for all CPUs in the system. The switching network
for CPUs and memories must hence be realized as a dynamic network such
that a temporary connection between all CPUs or between any CPU and a

35 RAM may be provided. Purely practically this is best achieved by using a
three-dimensional multiple bus system which allows that RAMs in the RAM
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invention makes it possible to realize three-dimensional bus and network
topologies, it will be possible to realize dynamic switching networks with
optimal interconnectivity. In principle a very large number of processors may
now all be connected dynamically with each other. Dependent on the physical
15 size of the data processing device, it might with a suitable scaling of the
RAM capacity be implemented a processing unit with several tens of
processors which may be connected dynamically with complete connectivity.
This is perhaps not an imposing number compared with supercomputers of
the Cray type which is implemented with several thousands processors, but
20 then one must take in regard the physical size of the computer according to
the present invention, which basically is envisaged implemented with a form
factor corresponding to one of the specifications for PCMCIA cards and then
the possibility of being able to operate with processing speeds of one
TFLOPS or more.

25 It is expected that three main types of MIMD architectures in a fourth
generation of computers more or less shall converge. A fourth generation
computer will hence comprise concepts taken both from computers with
distributed memory system, computers with shared memory system and
multithread computers. More particularly it is expected that it may be

30 possible to combine multithread processors with the use of routes, cache
memories and catalogue. In the data processing device according to the
present irivention the physical realization of the RAMs of the memory unit
with the use of an IRAM concept and interfoliated processor and memory
layers, possibly combined processors and memory layers, and an extensive

35 use of three-dimensional structures for communication and realization of
components wholly can eliminate the use of cache memories and the thereby
resulting cache coherency problem without latency problems arising.
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% & ()- Zi] Kl 9gfa4fk layers shows a processor/IRAM module in the data processing
device according to the invention. It is to be understood that the embodiment
shown therein substantially corresponds to configurations on the first and
15 second level of the functional hierarchy. In fig. 26 the lowermost layer forms
the substrate S and comprises the processor interface 3 which herein is shown

as a combined control and communication processor 30. The control and

communication processor 30 is via the processor bus 4 connected with an I/O
circuit 31 which in its turn is connected with I/0 interface & in order to

20 realize communication with external devices and perpherial equipment.
Single lines 33 also connect the control and communication processor 30
with the I/O circuit 31. A further circuit 32 is provided on the substrate S and
similarly connected with the control and communication processor 30 over
the processor bus 4. This further circuit 32 may according to need be

25 implemented as a dedicated circuit, for instance in the form of a
programmable codec. The symbol A on the control and communication
circuit 30 indicates that the processor bus 4 is conveyed further as a vertical
bus to the first processor layer P1 provided above the substrate S where the
processor bus 4 is branching in horizontal buses which interconnects

30 microprocessors or CPUs 5 provided in the layer P, and with the control and
communication processor 30. This ensures that the microprocessors 5 which
are here shown in a number of 4, but in no way need to be restricted to this
number, can work in parallel. Above the first processor layer P, there is
adjacently provided a second processor layer P, which is connected to the

35 layer P, via the processor bus 4. In the processor layer P; a number of
dedicated processors 34 is provided and adapted to access a number of RAMs
6 provided in 2 memory layer M as shown in fig. 26. This takes place via
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the microprocessors 5 for processing therein. In this connection it is to be

understood that the processor bus 4 which here is envisaged configured as a
three-dimensional processor bus, may be implemented with herein not shown
10 switches and multiplexers.

The processor layers Py and P, realize a processor module and the processor
layer P, the interfoliated layer with interfaces 7 and the RAM layer M
realizes a IRAM module in the data processing device according to the
invention. It is, of course, to be understood that the number of IRAM

15 processors 7 and assigned RAMs 6 as shown in the figure, necessarily need
not to be restricted respectively to 8, but may comprise a large or lesser
number of each. Further can each RAM 6 comprise a memory port with a
width of e.g. at least 1 Kb or consist of several memory groups with their
own equally wide memory ports. In principle the memory bandwidth

20 provided by IRAM module will be the product of a number of memory ports, the
port width and the port frequency. The processor bus 4 connects in the
processor layer P, the IRAM processors together over horizontal buses, while
the connection between the IRAM processors 34 via the interfaces 7 to RAM
6 may well be formed as vertical electrical conducting structures in the layers

25 P;, M which forms the IRAM module in the data processing device according
to the invention. In the layer M is further each RAM 6 interconnected over a
horizontal memory bus 37 and further via vertical memory buses 2 which
leads to a not shown memory interface 1, cf. fig. 5. The memory interface 1
provides connection to further, here not shown memories which are provided

30 in further not shown memory layers which for instance may realize a mass
memory in the storage unit in the data processing device according to the
invention. This memory interface 1 has in addition its own /O interface 9 for
loading data directly to the storage units, such this is shown in the mentioned
fig. 5. Also, the processor bus 4 is connected with the memory interface 9 via

35 a vertical bus, indicated by 36 in the figure. Further lozengy symbols 35 in
each layer indicate how the processor bus 4 here forms a vertical structure
which extends vertically through the layer in question.



10@! 10%: ()- ! @$L10%: ()-! @$L0% ()- 0~e%<{\=0 18 0CT 200
111 100 ()-14, S10% ()-.! 109B& ()- 5$10% ()- ! $109BB& () -

1109 ()-9% Bt 2{\ =0 11!*1 109%& ()-g! &&! 109BB& ()- 20, Y"! 109B&' () -

YT 10988 ()- 0, $10%& ()-10, $109%& ()-m{\=0 1!1Y(10% & ()-4S10% & ()- 10(
10 10(: | 10%4 Tk embodiirgteme. 06 Sis0s a0 -ofieplistiion on the second

11 @BL0%: () - Sl &@1Q% /.. . . : .

/& ()-SSy! 1004 P@%M‘ﬁ%‘%ﬁl%a{ R 16%s 7 ST PERASPESR QT 975y 1 <11\ =0
e, gr ' 10% & hﬁpﬂerﬂérﬁﬂr@@l\&gm afcﬂiﬂ&?ﬁr:e(%th!s‘h.agéicll&%m&}g Jystern, 28109 ()-fS
ST () 82%1‘%8&6%@ Ubob el ) 5N h oA RE 43 V10U (nerdCaa B 10
E& () - | gML" <u&diinunit &1898rddessbr B8 HIPBr doessdrsf P afy) be Intbidd¥Betded, such

10°S *$1ove (o Wik St by b Shaisdaorh bicsaRsarissor ORI dytheor 1 ss10m
é foc(%)‘ &' Ef) %P‘Wﬁ&(ﬁﬁ&%}/é%???{ﬁd}} fréely be SWHLAKE Hekwebn tROIRAN) précessors 34
or accessing an% re?rieval of data in RAMs 6. All RAMs 6 in the memory
layer M hence constitute the global address space for each microprocessor 5
10 in the processor layer P;. An extensive use of vertical electrical conducting
structures in the vertical sections of the processor bus 4 and the interfaces 7

will additionally contribute to a reduction of the latency.

The embodiment of the data processing device shown in fig. 26 may be
adapted to a card format or subjected to other convenient form factors. The

15 substrate S may preferably be made in silicon and the components formed in
a conventional inorganic semiconductor technology which together with
processor and memory layers realized wholly in organic materials, for
instance polymers, implicates a hybrid inorganic/organic structural solution,
but the data processing device might also wholly be realized in organic

20 materials. By using suitable form factors a silicon substrate could be replaced
by one or more silicon panels provided along respective side edges of the
layerwise stacked configuration. Circuits and components realized in
inorganic semiconductor technology could be provided in the side panels and
be connected with the electrical conducting structures in the layers via

25 electrical edge connections in at least one, but preferably more layers.

As shown in the above-mentioned examples of preferred embodiments the
data processing device for practical application may be connected with I/O
equipment and external and peripheral devices, e.g. keyboards, conventional
memories such as CD-ROM, and disk memories or display units. It is,

30 however, nothing against the data processing device according to the
invention being embodied with for instance a built-in display. If the data
processing device is embodied in a card format, then the display may be
provided in a layer on the top of the card and opposite the substrate and
realized in a all-organic technology. A display of this kind may be

35 implemented with the technology as shown in and mentioned in connection
with figs. 8-10. The separate pixel of the display will in this case correspond
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substrate. It is, however, nothing against using a proprietary, separate or
built-in power supply, e.g. in the form of a thin planar battery which with the
use of a card format could be located in its own power supply module, e.g. on

10 the bottom side of the substrate S.

As the data processing device according to the invention also is completely
scalable on the second level of the functional hierarchy, there is in reality no
limitation to the number of CPU 5 and RAM 6 which may be provided. It is,
however, to be understood that there are necessarily no one-to-one

15 correspondence between RAMs and CPU, as data may be fetched to CPU 5
from any RAM 6 in the RAM layer. Simultaneously the dedicated processor
34 for RAM accessing realizes an IRAM concept and here it will, of course,
be a one-to-one correspondence between RAM 6 and accessing processors
34,

20 The scalable concept which forms the basis of the data processing device
according to the invention may be integrated with the parameters that is
given in the introduction in connection with the discussion of the proposed
IRAM systems. If it is e.g. supposed that the data processing device
according to the invention is realized with a form factor corresponding to the

25 PCMCIA card, i.e. of credit card size, with a thickness which for PCMCIA
type I is 3.3 mm, for type II 5 mm and for type III 10.5 mm, it will be
possible to implement RAMs with Gbyte capacity and mass memories with
Tbyte capacity. On the first level of the functional hierarchy there may then
in a card configuration of this kind be realized from about one thousand to

30 several thousand processor and memory layers P, M, MP and with intelligent
RAMs (IRAM) in large numbers for parallel processing. In principle each
separate processor or even its execution units may dynamically be assigned
directly to the RAMSs. The generation of so-called virtual distributed memory
systems will provide each separate CPU with a virtually local address space

35 and hence be able to combine the advantages of MIMD architectures with
distributed memory system and MIMD architecture with shared memory
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retains an optimal interconnectivity thanks to the unrestricted possibility of
combining vertical and horizontal structures in stacked layers. The data

10 processing device according to the invention configured for instance as a
PCMCIA card of type I shall with a mass memory of 1000 stacked layers, an
area of 100 mm? in each layer and a storage density of 107 bit/mm? be able to
store 1,25-10'? byte (1.25 Tbyte) which for instance corresponds to 10
common books of 250 pages each. If a data compression technology, e.g. of
15 the kind which has been commercialized as FAST Video Transfer and

developed by the company Fast Search & Transfer AS, Oslo, a subsidiary of
the applicant, more than 1500 evening length movies compressed from a
standard video format may for instance be stored in data processing device

according to the invention for later decoding and display.

20 It is, however, to be remarked that the data processing device according to
the invention in no way has to be realized as a PCMCIA card. On the
contrary it can be given an appropriate form factor for the purpose and for
instance be realized as thin flexible sheets or bands of any extension, but
possibly with fewer layers, or wholly with organic materials without using

25 any hybrid solution.

Summing up the data processing device according to the invention, before all
realized in a standard card format such as PCMCIA, provides the first real
personal computer with full portability and which according choice may be
connected against suitable peripheral units such as display devices,

30 keyboards and printers everywhere and with a capacity which with regard to
a processor performance and access time far exceeds all known computers,
including also the so-called supercomputers. As the production cost for a
data processing device according to the invention in no way are prohibitive,
it is on the contrary expected that the cost will lie far below even today's

35 PCs, it will represent a paradigm shift in relation to the present conception of
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processing unit and the storage unit are provided in one or more main

layers and wherein each separate main layer comprises one or more processors and/or
one or more memories, and wherein each main layer in or on the layer comprises
electrical conducting structures which form internal electrical connections in the main
layer, characterized in that each main layer is formed of a plurality of sublayers, that each
sublayer comprises delimited portions with a given geometrical form, that the delimited
portions form respectively dielectric, semiconducting or electrical conducting areas in the
sublayer, the sublayer in addition to at least one dielectric portion comprising one or
more semiconducting and/or electrical conducting portions, that specific delimited
portions with a given electrical property in each sublayer are provided in registering
relationship to one or more corresponding portions in at least one of the adjacent
neighbour sublayers, such that the specific portions provided in this manner form
integrated circuit elements with delimited in the plane of the sublayers extend vertically
through one or more sublayers, each circuit element dependent on composition and
electrical properties forming active and/or passive circuit elements in each main layer,
that the active and/or passive elements comprise, but are not restricted to respectively
resistors, capacitors, diodes, transistors and memory elements which in each case are
provided and mutually electrically interconnected to realize one or more processors
and/or one or more memories in a main layer in question, that the electrical conducting
structures are formed by the electrical conducting portions in the sublayer and
respectively extend horizontally in order to create horizontal electrical conducting
structures or are provided in registering connection with corresponding electrical
conducting portions in one or more neighbour sublayers adjacent to the sublayer, such
that the electrical conducting structures integrated in the sublayers form three-

dimensional electrical interconnecting networks in the main layers and interconnect the
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& ()-zz|}}}} ~fofthd fincliodd) Werarchy as one or more processors (5) or parts of one or more
processors (5), at least one processor constituting a central processing unit or
microprocessor (5) in the data processing device, and possible further processors
optionally being configured as control and/or communication processors respectively.

4. A scaleable integrated data processing device according to claim 3, characterized in that
the central processing unit (5) is configured functionally on a third level of the functional
hierarchy as a parallel processor with several execution units working in parallel
provided in one and the same main layer (P, MP) or in two or more main layers (P, MP)
or in sublayers thereof to provide an optimal interconnection topology.

5. A scaleable integrated data processing device according to claim 3, wherein more than
one central processing unit are provided, characterized in that each central processing
unit (5) is mutually interconnected and adapted for working in parallel and providing in
one and same main layer (P, MP) or in two or more main layers (P, MP) to provide an
optimal interconnection topology.

6. A scaleable integrated data processing device according to claim 3, characterized in that
the storage unit in a main layer (M, MP) is configured functionally on the second level of
the functional hierarchy as one or more memories or parts of one or more memories, at
least one memory constituting a PAM and being connected with at least one control
processing unit or microprocessor, and possible further memories optionally being
configured as high-speed memories, ROMs, WORM, ERASABLE and REWRITEABLE
respectively.

7. A scaleable integrated data processing device according to claim 6, characterized in that

two or more RAMs (6) are connected to a central processing unit (5) and respectively
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memory layers (M) adjacent to the latter or interfoliated therebetween to provide an
optimal interconnection topology.

9. A scaleable integrated data processing device according to claim 6, characterized in that
at least a part of the storage unit constitutes a mass memory, the mass memory optionally
being configured as RAM, ROM, WORM, ERASABLE or REWRITEABLE or
combinations thereof.

10. A scaleable integrated data processing device according to claim 2, wherein the data
processing unit comprises several processor layers (P) and several memory layers (M),
characterized in that the memory layers (M) in order to reduce the signal paths
therebetween and the processor layers (P) are interfoliated between the latter.

11. A scaleable integrated data processing device according to claim 1, characterized in that
further electrical structures are provided as electrical edge connections on or over at least
one side edge of one or more main layers (P, M, MP) in order to contact electrical
conducting structures in other main layers and/or provide electrical connection between
main layers and substrate.

12. A scaleable integrated data processing device according to claim 1, characterized in that
the further electrical conducting structures are provided as vertical conducting structures
in one ore more main layers (P, M, MP) and form electrical connections in the cross-
direction of the main layers and perpendicular to their planes in order to contact electrical
conducting structures in other main layers and/or to provide electrical connection
between the main layers and substrate.

13. A scaleable integrated data processing device according to claim 1, characterized in that
one or more main layers (P, M, MP) are formed of an organic thin-film material, the
organic thin-film material or materials being selected among monomeric, oligomeric and
polymeric organic materials and metal-organic complexes, or combinations of materials
of this kind.
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14. A scaleable integrated data processing device according to claim 13, characterized in that

all main layers (P, M, MP) are formed of organic thin-film material.

15. A scaleable integrated data processing device according to claim 1, characterized in that
one or more main layers (P, M, MP) are formed of inorganic thin-film material, the
inorganic thin-film material or materials being selected among crystalline, polycrystalline
and amorphous thin-film materials, or combinations of materials of this kind.

16. A scalable integrated data processing device according to claim 1, characterized in that
two or more main layers (P, M, MP) are formed of both organic and inorganic thin-film
materials or combinations of materials of this kind, the organic thin-film material or
materials being selected among monomeric, oligomeric and polymeric organic materials
and metal-organic complexes, or combinations of materials of this kind, and the
inorganic thin-film material or materials being selected among crystalline, polycrystalline

and amorphous thin-film materials, or combinations of materials of this kind.




