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processi ng appar at us ﬂm 00365 MAY 2003 The prese
concerns a scal abl e (Jmmlwmmmm ng apparatus, particul arl
appar at us, conprising onegesozore thin-filmdevices which
| ayer generated by a nunber of coextensive stacked subl aye
material, wherein the sublayers of each thin-filmdevice conprises &0 MAY 2003
electrical i sSpalalhhgdatmpmcee%na@@piangwénd/ or sem conducting struct ures and
structures with information storage capability realized in the thin-film
material in aThalpreseat jnwehéppicontdres stscaleblerdsma pegiestieg appafatuy, cont act
electrically r r i e in the

stack form ngB%ﬂfE’ul%Sy H? Efé Se“(?jragg EB %%Phr’g gilsi?]%' %%t&lrgﬁggﬁ g{s@l ve

el ectroni ¢ ci gevices whidnformsa planeolfiyer gengrated byt hpumhpnhof Wfﬁﬁtm‘i"te

wherein the agficked &thapéi@%'fY}ﬁnOﬁlrr&Hiafter%le%BFén 'tl{b ﬁlﬁ]@e@s brkmeilevice are
realized with a ;fgl,;%g?dl nmensi onal archi ure ext end throH?h two or

more subl ayer &R Vicq qemprises glecitica lﬁ atyy PISCHIRCHPR AP YAl | y

cog Inect ed bydbemnmdtxaim@hte@dtmesalndcsmmdu&és ngthsihfergdationsstorage napalsiliopr e ]
sSupl ayers an C I ou

one O¥ nor e Ofégkéhgﬁg g[ﬁﬁgﬁhla%&&%ngg%hE@B&%Fthre%?ﬁ?é&?ﬂ?éfﬁ@v&%esgare
provi ded. It \Astfkmwntacﬁ al¢nsrically ediet seuctareseafhis kindiin adjacant sublaysrsn of

thin-filmpcir Wtﬁessthék ﬁrﬁﬁkgﬂl&mmxﬂw&éwwﬁ)r%ﬂmﬂgraewe an Bive devi ce
additional ly e.conbi.ned wth process for co n drlmg and

addr essi ng thgﬁ'r%r PBIC CLrg s ‘gf’l‘@ﬁm\ﬁnotrﬁoglﬁée 8% the thing 1E’e V‘ ’l"ﬁ}Eﬁ'rG

Segl conduct i ngctivd end phssiveetirhigt ellemehl“semfa)ﬁnmdﬂnsdmgbeamrmahzéd Wit 20 .
substrates an | very we
may be except %@Télqﬁg ﬂghélrar%@/drt\ ar@ge GS@{%bgéh ?ﬁ E-;?(}r'é “Piag'grr? di oxi de.
A conpl ete rrehlaﬂryomme@@nvthc Girpyi Gtesmenty ard @le@ﬁrtcgllwoen@cé@@by rizontal

j uxt aposiisi on em‘ctﬁlm cbaa@étﬁmgmmdaﬁﬁesnn Wh lor h{@e%ﬁsra efs édalevérﬂbﬂ- film

circuits by S rOV|de i nt.er connecti ons
betwoen ¢ ho | Syercal Bt he TBietares sl B e aleh Srott Mase Pt o ood and
possi bly conbmnbhywst e whpmiatwoor aioneghid-film devibes atoproveddd t he
necessary current paths. Further there is from PCT/N099100180 whi ch bel ongs
to the presenft simowanin thangt whiredte hecrabyy devitesciarthe fodne df byinrfiner ence,

known an | 1t equaled; PEaLAN &R RLRCARPLAGSPKINEENR) G LOLIR BueD! ot e

conputer rocessor
wher ei n 8Dt hermaynb%@rpmbmeé vmlwmsﬁors &cyreqe@tmlh%mmg anémdﬁiyessmgethg or

conbi ned pr OC@ﬁeﬁﬁdSryaBdt {HRABYYh Hﬁ:\/l@ftér ?éaﬁz@d@r\(hﬁﬁgarﬁ@%@hﬂx&ﬂlduﬂhﬁ i gent
random access U.function

of the c orrput pakﬁh?lgﬁer 18%? gcgnbgﬁgl(flg S%%gtamglcp subs?rakes and?or thin-film
| wor | | fremnst dlplrcm‘gécﬁ opta @irepeswistre frowl hoverpAVENDEBRY BleERTepti@@allylthiRdod r 2

NO 009900365 3ndaMRYfo?ER a¢ TN G AN U RHE 'AOE'&nFIEté R YTV Rle-with) OF der
to provi gg short current élEat hs t hree-di rrenstonal
e

ctrical truct res are
used to at STPHRSSINGSHCYEE ild Aeeafsdk HY?rﬁéHQQEE{ﬂPa‘FE | ayers
and between t tmnkfeyexfshenthindilhy cirdbies bghnieansdaf apqmzdoﬂsmlodg ldeoriderto s
provided on a g%b’@i%& Rtte?cdo%n\é@éu%& G @h'@k?e agéltsh‘é{asflh{?&hé%gaegéi It H ?s%ﬁ' ng
circuits for control

& Ny 009900365

nica reali zed with
i nor gani ¢ semtB®IRYGEL MEJishaRaH PAFYD Wncqmlwsﬁtw&havan%&mp%wtalmMr@ert he

di fferent |ayeseréite t}reen@@fs@rp caenspdilis. dRutiee théreds ftohe PUTYNIQSIATE 80

I d h dl h,
br ocessordor "HuRpPrlRet o b Pkt RREaRCR Rl o BRER By e
ment i oned. US referene, koows ahdngsateDsshlnhiskdat@ padcepsidgsievmseshigh forms
conput ati onal h @te"‘é&rﬂ?tﬁgp(xf?&xeasﬁﬁﬁs ﬁ'f&ﬂl(ﬁ‘g%ﬂﬂta' &'}Hﬂﬁ g"g?&re%és&r 4Ry in

thin-film techn over rocessor on t he device
and di scl osi ngn@merm@@dalﬁ ‘ﬁh?fé}?o¢1§h%8|SGH$1BEFSET@C6$F°%}&%X°6%QT PERBFYENi C
materi al s whi Qhexﬁﬁby Rytridt ddinfiigé®ptockbscelandimenaty ra§8issirapeevidat yes i n

response 50 s lec rical t . si y cells.
Part 1 out 4Ty oDES Sl ki RS oRer RS RAND Fod BRRSH s TR Y For
of so-called aeald &lerfémﬁirfue@wmoﬁthemmagre@r whiah elire eentrphange change
and are made with inorgani c chal eogeni de conpounds as swi tches. Each nenory
el enent is conceived as a single unit 20 and is encap tuaIIy
isolated with insulating material, for instance of Si Mﬂﬂﬂﬁ M@

menory el‘eifents are arranged in a planar array struct each si de
is contacted by an overlying grid of el ectrode structures’iédtee el ectrode
structures in each grid being gNERNED R dicular to the el ectrode
structure in the other grid. Two-dinmensional 2S nenory arrays of this kind
can mnth proper nutual |nsulat|on nom1be stacked to forn1a vertlcal
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AONDEBOSHEET  20- 01- 2001 3 0 MAY 2003 enbodi nents based on the usg~0

pol y(vi nylidene chloride) or poly(vinylidene-trifl uoroethyl ene) coagp - 200365
has been proposed, e.g. in IBM Technical Disclosure Bulletin 37:421-434 MAY 003
No. 11 (1994). These polynmers can be obtalned as very thin films and the
menory nedium 5 provided as a continuous layer of thin-filmmterial wth

sets of parallel conducting el ectrodes deposited -on either side and

oriented nmutugPmynuniesingoivactiosuisnthewomputasnin erder to asevide shert coBpRct ri ¢

arrays can bepafiRckRd-dithehSioh PelebtrREL ShiRRRs A@bhs&f fokGkatee. None of these
above-nenti oned publicatiqns, however, discloses t evi ces

hipn-film
conpri si ng subMEFORBECHANS ORGWERTHEQMBIRANS B‘a‘ihﬁrségartaff‘a{;‘yﬁﬁsl qnd;%Pth'\ﬁF? e
realization ofayeed muagiliyv @heiwlale datagirdc@airy deviceisrgvidedwres subitrags at ed

in the thin-film,evices.. Einally three-di i - Rr.oGgessor
St ructur o8 e iRD FOMASR uEpPoN ehrdrReF Brdhelg s PRIt aBaG" s
i nternational cpmmunieasibrapyrppecs; these Yooy roelizg! withvnergapicsseaicynduatings
patent No. 5 Gpfe41§ if{"'cbﬂvéd?ﬁmﬁﬂfé%hﬁ&ogg,vﬁﬁﬂﬂl% RS EntNHPerk GRihOBstabel Ng
based on US patent .app]i catlgn No. %38 33 %ﬁ. 3$.S§Pte er §993 and now
abandoned. PaPfosESHRE|dsviasethenyips rhatly sreredtized g gt trchpRlogy ocessor
circuit |ayer segirdlekedf wheilrt eiidyoddnetarploeedsorvmehioesdi mensi onal
structure, wherein the separate functional elenments of the circuits are
i rou 1§ el B R g N S B 2
ext endi ng ¢ hr JGBROVABINSKY etk GiscIopsrchCTRBYGHORR! Qavice i POBE B ARt o
processi ng and mirgcdgemeaned acraytihchinsflnotechhologlyirhousited bwet thgy carry a
nunber of ad"g?&&%?&é’}ﬂh'é tpg%?rtﬁ'e Eé’vir?é’?ﬁ&’dgsgi’osfix‘ég‘ﬁ}e'\%%adf*atéﬁeptog‘?y are for
purely storage purposes often very costly 25 and®can particularly be
conpl i cat ed t angsiiwahased pn varipee inorganig matorighs yerjeheray atain Hiffereatjui res a
sugst ggt igl pres&@s@dm%is@ﬂta@zmbs irpfe}sb&?sr,eacafs@lecftw cl%@ﬁidapin;ﬁ?@@iiglbi feation
and addressing, are dedicate reuits r es r poses, of t en bei ng
assigned to a%%?ed)é“‘%ﬁ%Wor&rceifévg?‘acuyé@a?é{g@“ﬁ@ﬁ&rﬁeé‘sﬁh‘sﬁs PRECYE storage
capacity. 30 Tmmonyiclembpwdh thé farmeopsesalitd ovivait momorss twhiph axd bised
scal abl e dat apr S rt i l: appar at us
o'} ﬂ%bl@%%ﬁ%ﬁéé‘&d 02 rﬁé&é‘itvgh %ﬁxgagg%&vﬁ{,%ﬂ?& Pp

which is rel ati veﬁ/{ al nexpensi ve ) I n_principle
al lows for al SBEYPOYURES A% swHches Eagh memaryelerment 18 copefjred apasingle Wntthout
t he managénentandrisl engpisalatahamf miunea!lyeisolayedwithihngatiogplaterddietbr

\ wor 4\ f il i W | 6 T
20-01, 2001 4 KBRS e PR BRG)ElRIRESke B AR At ot on
is to realize agrayghiugbire veieh opresel sisierig capisstestisan predyisglgaid ¢f a dat a
storage appar aldsirodelshrfiireslthy ele@oe Brhituied RcdueB| 20l bahp GRieatddows

i npl enent ation of supporti uncti ons for.control an ddressi ng o

ronor | o5 real MESRPTRINTRL fo BF el Ao i REF e BRI E o SaRARtNA ¢ or

t he ment i2§5ned lmmpn'_saa’sabtscnﬂihisi kin_égaatveldl piapler marroali ia_suliation mewt e stacketd_m
devi ce. Final lgy fhim 'asve%li(észel J?%&Pﬁh‘?ﬁ"ﬁ RRicRIE e&%idb@}bﬁ"at $URurhR WERhI Ze a

vol unetric data sforage arge st.ora ensity,. fafqt dat a access
and hi gh dat a ®3%Pe4PBICATRCCSSING VAT SOTRRIHPE &deciianic piFUitnye NO IBLOT of
data in the dauggdddiomeiswiverpindObsiihskyakadll fir staddiogithinifildatevitéematie ofn  The
above- ment | °”%&e%’rﬁﬁﬁesth&@ﬂ1£tsgﬁfayéﬁacfﬂgﬁéﬁgﬂ%é‘t‘é¥iﬂi‘Bﬁ%éré%ﬁ ‘?heaﬁ{i‘{x-?ﬁﬁad
according to the invention wth a’scal’abl’e data processing appar at us,
particul avy aleyiges Wbﬁgébaﬁp@r%wtmeaWIthg/ecmm@ta@m@@aorbhaqenat each
thinfilm devi Ggitk aigiésafiofies ALiz8BLY pFBVRing EHeorblayers Bf {aAFilaNe or nore
15 matri x addressab[e.me r@es 152eatch W't h q{? rrﬁ?rmry med%um |1n ta subl aé[er in
contact with gn§iEFa W‘ihe@F Rl JERTUTES 49GQTGIBE f0 BRIRASE; BRFIPFIREHIGAPERP
el ectrical conbwitdsnghsteainatiwoedinensiznet ireadey cetluctayiesa pasdive electorde
el ectrode set hirbhs SAIEIZ £608 HARBALRINERSES HOUReSisTGlupes o ent ed

al tot ures 1n'the

substanti al |y orthogona e el ectrode struc Irst electrode
set, the ¥ ectWeliknguisingbe ags feicinsiaars fios K patent Weds AePdsr(Isamsl ayer s
ag{j oi ni ngl sai d&rm.mhmltlﬂ@ghtem mblsiamrowg%m &iadg, Atb?rtel@fustewltﬂﬁr eby
addressabl e nmeqpr .l's are creat.e n e nory .nedi u e Ccrossings
bet ween the el gcrt°r¥%)e gncsf) ?%eﬁrné%tc{lﬁgt#ﬁée'f'ﬁs?g{ge%ﬁr&gpﬁ% %aé@‘é‘?‘.‘&r‘a ectrode set,
that each thin-filmdevice further conprises circuit areas which form

el ectronic thin-filmcircuitry for
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250-0areamil | i ng, driving and addressing the nenory cells in one or
menories, said electronic circuitry being connected with the el ect B@g§09900365
structures in respective the first and the second el ectrode set in a BRMY Y3
over current paths which are forned as el3ectrical conducting structures In
substantially the same subl ayers wherein the el ectrode sets are provided,

and 30 that each thin-filmdevice has a respective interface to every ot her

t hi n-fi| m devérmbodimentebaspdanghesse sfipdlyvinghfdersechlbsde)pr eal i zed with

Lot i . Geen il g,
sl T nos anaCafviRyaRRe-yhiRSod e RLRAy Rk s Hoeh lopeREaREESEE 1D,
areas in the HEMnFeahmi WSSéQSL@P\Bdﬂetlﬂrﬂh‘mll'ldf?ﬁ(lﬂéribb’t&%?r-"ﬁ@%ﬁol epo doc

AVENDED SHEETpol%rKﬁ:ré)é-arr Ba1gbtaMedR8R9P88A fAinfd amldAKe 20480y madiugflvant ageous

enbodi nent of t he, apparatus according t.0 e invention the_.ne medi umin
one or e Mﬂq%sﬁ&%?}@@é‘s ﬁ@'teéf’?gpg' ]g‘i‘g@f"é'baqé’wg}hﬁetﬁﬁfé’égﬁq materi al s
in the form oformiuetng et ctrodegdemrssted onpeitherside, andaorimmed mutwelly ng nmateri al s
in inorganic i : .

mceri ae | rOUPOEHED Schiba Benidndl bARRSE forbicdly sl B0 aShed
conpri ses a nniorn arihres-ditnengionah strucurerdNong ot diese pbexa-mestianetbn- | i near
current/vol t agenledadbas, Ifvréier Cdis@8idh A fllmNRAcel WobiHsnObIAfrs with
characterjistig¢ bein f%gneraé’ied b% hnor%gm c.or. organic diodes ar a

t hr eshol & swi tHTHEP tuEes At wip apligwyl trﬁ%lllzaé’d\?af%ﬁ%ﬁ]ééﬁgv FEESEM of the
appar at us accpasdivegntmotrhmoidnicsrtiegratedién thenthin filledlevicesonpri ses a
switchable material, said switchable naterial being a non-volatile
material, sel Piafl§ tBfect EFRASIoNYEMEmd Iy HroRb@CithicturdRbesddodn Gansfefrbdr ge

. Proces: ;
t f . I th ; . .chabl d h
non- 11 near ouEAIT BT 41 S act el e Ak B S0RLF hn accordi ng.
to the invent WD93/08438 ELavraciiyc&ail )andtU§ patempNos 86 5onw4 &yanthahasarmor
organi ¢ ggm C Hférk,%tﬁfﬁhﬁfib@doﬁrs.ﬂeﬁh?ﬁa ﬂvﬁﬁﬁggﬁ%{ﬁ aggh%{ﬁ&?ﬂb. of the
tQ t rfdce areas

apparatus accordin e Inventign the infe as I n one or nore
thin-filmdevid 93§P£39r3§vF%‘BFri1r?t9§ W?E\awnéﬁ- Bargwulpsin 8% of this or
these, said eggsligeioht distldse rhérohwdridprocassdr caguittieydrngtackédiat |y. In this
connection i tyls Rl Skehs ‘?S'm} g%rekfkﬂ@e%i%@%?&fmﬁ&ﬁ%av&H%r@H tﬁé’gﬁaal? tron
addi tionally conprises an | Interfrace for the réspective ifmn-1ilmdevice
or optional | yfurssionphelements ofsthe cimuite areafadricaisddnepatierriggdhinofidms or dat a
and si gnah CORTMEHARLLAR chbbnteoria pliar andLRNcAMOILISY Md ARedoHhER g
Advant ageousl y xgan iR t he agtggr at.us acc rdl@ﬁ t%é{l?e mgentl on the

Lhi n-11'm deviEaIY e Eabielic iR eRbding BRoush BT es be provi ded
on a substrate whi onpri sea acti ﬁe el ectroni.c circuits for .inplenenting

ch
addi tional coftFBIhouEh REGTATEARVIE rﬂaé%@mwlﬁs.epﬂama%gmé of4r at us,
30 each thi n-fisé of teniftie feehnology cagytacshmbdrpfadvantages witharegardsepar at e

interface are i b . i I t - film
devi ces whi chﬁgr e %@cgu?ggaﬁg%t&ka@%y?% E%r?éﬁ[mgtgé%lec% réér}_regﬁg%{l i‘%’?\y gﬁ‘gui he
substrat 83 | naiican partiradariobe Femplcyedita Predroenh Al affRCtiYGHRIAEYe conpri ses
an interface poinagementfugthetd@ES aSsubstaarial ptdcesding capaeigl For instabbe,

b d Llel 35 to. and ad h . i ded
hi nef 11 m aoviaedtehpRr RO BphaaE el MEGRIFRETRRIEDIR HEE oo
AVENDED SHEET puries ofter boingsassigngd 9000368 Bemofgior s@@od ssparate i cal | y

connected W t bhdrhiGridsWRhaGe Sﬁ%‘%é efgacity. thin-filmdevice or the thin-film
devi ces provi ded above the substrate, and particularly it is preferred that

the int e@bacemg%ém ﬁ&ﬁtofttﬂgp}éﬁ&ﬁﬁlfn@%ﬁtmgéﬁ'oo%oweté‘ alﬁﬂ%&}ases an 1/0
interfacé for 'the apparatus as“a whole, sal [Ointertace 1 nplepenting
functions for PERECSSIABEPIRTANG, Pedignlenly: atdagthsiprags appreathawhisiuisgelabvelbher al

devices. It isihpRnnd inexpehéan! taapsaiddhidthi stihspledd] bwsiorati@oskt a
sem conductin ﬁ&{ge'rd: al 1 Earf i caltarl(gr an 1 norgani, St'tggl e crﬁsta{

sem conduct i ngm ited; skpling f e detrsidags cepasivart 50%1 QEnegRER @ st al
sem conduct i ngpasaten ofl the inerdoryi Hecooning anvippigatedcul arly it is in this
connection preferred that the electronic circuits in the substrate are
realized in CMOS technol ogy. Further it is in this connection preferred
that electrical connections between the electronic circuits in the
substrate and its interface portion or over this interface portion to the
interface areas in the above-lying thin-filmdevices are realized as 15
CMOS- conpaf T B E™ e &1 Pt"™i nt er connections. I n an advant ageous enbodi nent of
t he apparatus according to the invention wherein the apparatus conprises
two or nore thin-filmdevices, ' ' evi ces are coextensive and
provi ded nutual ly registering i %lﬂﬁ,gbs@tggt"%ﬂr eof. In this connection it
is preferred that one or nore separation |layers 20 are provided

Y T N o - " o o . o L



280404 %@Qﬂt her advant ageous enbodi nent of the apparatus according t 900365
i nvention, wherein the apparatus conprises two or nore thin-filmdevic

the thin-film devices are provi ded nutually staggered in the stack the‘?e JYAY 2003
Preferably the electrical connections bethveen the thin-filmdevices and/ or

bet ween an optional substrate are then provided extendl ng horizontally and

30 vertically over the steps in the staggered sta l%é is also then

preferred that fyrEeHpPblgst @’éﬁ&Y%‘lQS‘rﬂslta%%lhzeeﬁ’%“&r %ﬂa@cprpﬁ@%mgm iated .

Egﬁm vveﬁ gt agjn gcsgsﬁaréths rpetrtll:maﬂs»w @aﬁ& s@ﬂasigesqmmhgg?tbmmmbs@l tﬁﬁ‘t—fl@;r:l o

i i iV i i

nechani cal %ng?(?lﬂéy&h gl? gﬁ%WF PR rqe[%qe;t{ ?({ SW&W%&@‘S&FS TQJyer s
only c | wor AI dndeaddresdinhg mjmehumersIréalmﬂdvmltbnaﬁhnaemmiﬁm&-ﬂéﬂromc _
~20 01- 2( 01 Lﬁ%%??l?@?mhﬁgg?é{ %rgog&ot% be ?E%r&%ﬁ%?ﬁﬂxén‘fbﬁ&ehc’t}@” appt ng

portion acen evi ces, Interface areas o

respecti ve thimﬂ'ﬁJllmndQ}’éW ces being provi ded above exposed surface portions
of the thin-filmdevices in staggered area thereof, such that the

separ ati on | ajmallyhetsvidsman bbjet:hbﬁth‘ei prmdﬂ\ihwﬁiomdnrreahiuéa sobmoken | ayer

wthout vias kol et hEARE HANES LORSIRNIRG NG RORALSA HhLR bl ™

devices. Fin can"the a arat
advant ageousl srarbﬁerpfaé% QpéwneHyaomquewnhm@sqliedﬂ@put& rﬁ@@ tﬁ th& dakd | -1 i ke

nmaterial |®r ameh@ry afB RNt ipatal Bl ¢baddnt 5F Hh@QRerefRIMl carrier substrate in
each case being prow ded 10 adjacent to the lowernost thin-filmdevice in

the stacked copt h%‘vé‘{-ldﬁﬂﬂoﬂécf Bg]legi% n%r@chéﬁ/fe%&)éé did a&%&%&ta‘%e Wehitve

el ectronic CIrCUIé processi ng a ar at artlcu?arly
data storage #FO5EIREIS tla%warlﬁgw aﬁ@,a ahk; 49?9%%%%@%@; e di scussed

in nore detai particulatly 4 0htaQvérage Wbpdratuef ahédlcis dharexeigpdanythenduetithitnt s and

t he acconpan wherein fi a
thin-fil mjdezfgg dég}ecg °°\rﬁp‘§}ﬁs§’5£85é?%f’if§° ggeé%+r§| aﬁgaﬁh{%ﬁ@oﬁgeo\égn& r%ventl on,
fig. 1 bla seowetirnaddnessaple memoriss, eamowdlth@nnemﬁrx h@dtummﬂusphiademrce in

fig. 1 a, ak@éhté‘éﬂﬂﬁhtarﬁrs{ hlé@tr@dé\setag tﬁé %rn‘l bf &rﬁﬁcﬁkéﬁaﬁﬂépéﬂ@&rf&aﬁecond
enmbodi nent of trme hin-filmdevice in

t.aken al,o i he A-A
fig. 2a a plaf® 8EUNCHRES oF %lﬁsfaa‘iim&tafew&wﬁcanﬁ eﬁ‘f‘ﬁatwg& sebidgq in
t he appar at usfaacof @brmgppbndidgeelaaste@ctaﬁtrudnmstolrmmedf substadbiaHy oethioigonalt hr ough

the thin-fil nlod&\é'éffct-hﬂi fgtﬂxctvﬁ? At Rio gg% 'tlﬁk%l%?tr@d@set@' g. 3aa

fourth epbodi nent evi ce use C{)ara us accordi ng
to the p?@senfespﬁ%‘fﬁl}'@ﬁmgﬂ?r@‘“dgé fartbéwbdﬁyqrhﬁéwgwngwet MeROry MEdieRi ce i n

fig. 3a, t akeﬁutﬂhymg)ri eehl sidetieréaf, 3Mefdby. addigeRablehnemspctdlvart lredtgh t he
1 S b od8d EHD OG0B e e,
the rst and the second elcctrodc set, that each thin-film device further
comprises circuit areas which form electronic thin-film circuitry for
25 controlling, driving and addressing the memory cells in one or more
memories, said electronic circuitry being connected with the electrode
structures in respective the first and the second electrode set in a memory
over current paths which are formed as electrical conducting structures in
substantially the same sublayers wherein the electrode sets are provided, and
30 that each thin-film device has a respective interface to every other thin-film
device in the apparatus, said interfaces being realized with communication
and signal lines and supporting circuitry for processing, said lines and
circuitry being provided in respective dedicated interface areas in the thin-
film device.
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f 20142 pthemati cal |y and in perspective an enbodi nent of a 9
mat ri x-‘addressabl e nenory as used in the thin-filmdevice in one o“q R% f\%ﬂoﬁ]%
figures 1-3, NO 009900365 3 0 MAY 2003 fig. Sa a plan view of the 03
mat ri x- addressable menory in fig. 4 connécted with 5 an active electronic
circuit in a thin-filmdevice as shown in one figures 1-3, fig. Sb a
schematic section through the nenory in fig. Sa, taken along the |line E-E,

fig. 6a a firbtaradmditagaous Gmbpldénémptfrth@ @EpHeBSIAGroRding ta HE ipyentian

i nvention, 10t1{e'19cm§Fy RedRAf %Pmowmenmrlés%nﬁﬁmg i ddSridls GOledicdd toO the

present inventlon 6Cc a t the apparatus accordi ng

the present i#UERE mecwlargmatﬁr@ ﬂ"é‘tf?‘? Oféﬁgg@?‘?ﬁ?mer%foi P PR PALTRETS,
according to &Moﬂrc@ﬁ&nﬁméfinatsrd@mmQﬂorgﬁhﬂ: or&&gamd f8hnvaxra jam$posﬁt1@1f l fth
enbodi mrent of the a S to the ent v

schemnt | ol | yot ROxRE A ehopAERBI L Rus Randsheihet Frare bt i ne o o

t hi n-fil m devinemoarg mfsle‘dnlmmmfsepaesanory metenial shicinth 4 henjoygelg of
several 20 Sugltbvtu'ﬂésrhl%éﬂ Wﬁgé‘r"c‘{&?é}t)v%‘iﬂgé‘ erregﬁb‘ﬁﬁo?&ﬁ%(ﬂn%g to the

i nventi on, ment
appar at us ac c@lllfélﬁlﬁé\’ altgee Khargetesshe hem&ﬁ%fie@ﬁw@@ﬂ 189@?“!%?’230%?@%%%33

conmponents. THea MireShdBis@Gtchablet gtepiafsent invention is to provide a data

storage device and the appar atus according to the invention will hence in
the fol | gy ”QLFrﬁEmﬁﬁe{ oﬁé)eﬁl%@hfnﬁ?ht%f rgﬁn‘é'a(é@oﬂ%’g Retheer med as
"appar at us"

asi s o resent I nyent.l 0 lf;srgt thg aratus can
be realized i HVEREOR & erﬁ“@fn% ESIUE) COPIISER @ Séi‘ﬂﬁfhéh atstip Islai;Ppar al | el
stacked | ayer switelbile Q‘fatéﬂiﬁi&ﬁuﬁg aalbad disylermatbrin))geleoredess raspegtitvblyna fi | m
devi ce whi ch fer} 6el§ct}1§ t%rf%alcoﬁr?@agg?%fan eplo'rjéa%ll Egmg C%%ph@lﬁgﬁxoﬁ thin

filmwth spemflc an ere unctions

di fferent nat Bediim can by Swmhnbhﬁ@ﬁdthﬂmr?gmn-bpﬁam@m%lté% doc AMENDED
SHEET  29- 01crQ6tkritidlO 009900365 3 0 i~i~~' Z003 A thin-filmdevice 1 as
used in the present invention is shown in plan viewin fig. 1 a. The

thin-fi1m deviaOukab o iPeit 265raRRABAL HilohioR e Eldkbidhlc AF&fg.  Momory

areas 3 and an intefface area ere i's shown a settion

t hrough the tBPHPHFESHDQERANG ARG OF PEganic éemtfi@éﬁ“‘él%’@aﬁ%@ $ine A-A The
menory 5 areas 3 which contain nenories 3" realized in thin-film
technol ogy, afeanadeaniagsousentyidimantwt therappheates acooidingte sheinmentin

contai ns t hi ntfd inferbasates 1%C61{e0c5}' fofd ﬂﬁﬁ“ﬂlfrﬁ/dé\%cs'a{f@p@@ﬁﬂéd RteSARdd B
ion an addr.essi endrng on t he

conmuni ¢ I ons
rorory et b SaEh PELER O it FEACAREI] T8t DOTHORA I LVCIBHER PS8 w Lt i ng
readi ng and er@stngngmuthelly.anrthrmqqneasomﬂl is pacfepedhtbati thatnterfacoasrad from

Lhe memory OV ah Beed BbAIGARRIIAESAI coblses 4 POGMrfce et tmekgc‘?%h the

thin-filmdevice n I ne here in
anot her embodfHBriIM Ha%C? Happrlﬁn%lfbgthelan?ar%%g%@ﬁ?}ﬁ} PieRERE bei ng
shown with vefmnatainbfosﬂaalaad signiad fcolmmueomtiore w/ith' exiternahend/or pedipheraka 2,
but mutugkly iy Eg gged by electrical 15 isolating layers 5. It is in this
connecti on to be understood that al so each separate nenory 3' of course is

tituted b rrb t bl a i di
rore detarl i ERBEESISRend ¥ Heemhereits AR et Hian B B R S o
el ectronic CI dewvice oy thmsﬁahleCd:cmmﬁguraaonaf 3uch devibes bapmrviidedkomprea 4 not
only is used E%stfa@é‘w}f?% bé&ﬂgﬁ@é’s Q&Weeeiéétij&hefglrggxtﬁ%ﬂgﬁpﬁémhﬂtxﬁ%'e separate

thlnfllmdewg$ nmuni cates w orfres on circuitry and
ot her nenorieé WO&BI SRR "ﬁ%‘lﬂv@lﬂje‘éf”{‘m“ﬁ‘qalnlom yaghenssingthe ppparatysy o

Ci :rf) unst faﬂcebltahai tlﬂﬁdﬂnﬁé@ﬂlbiabexrtgmqmnétﬂemmw a(bercihlltl det anppHace ﬂiftelfﬁadzegr ge
nunber of su | r e
separate memofciviig bttt cale %f&sa&s"i%@fﬁﬁﬁ%?éﬁ‘ e AR Ao

subl ayer s, mw‘dhclaareoknsat@émtweemmbmr% dgvise igtqaektéen ard theeyubsbratei dml | y

as shown in figjs cbﬁn@étxdmltc”x@ é?@fre@@wmh@gmm@amgha@mn Aiieghown in p an
viewin fig. 2a and n.sec I g.

e ere Do DOFAMLPEIHTER SO Al oA m'ﬁgwggrafeagg.pﬁr%ﬁf@

provi ded35 to and adjacent to the thereabove provided thin-film device and which is

¢ \work\Mremstillingeriopti37apciwolepo doc
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300€11a20@HM, but nutually staggered. In fig. 2a and 2b there are sh r
menory stacks with four nenories 3' and nutually isolated by el ect mgf’%omﬁ
isolating layers 5. Only respectively the | owernost and the uppernost 30 MAY 2003
menory in each stack are indicated with the reference nunber 3'. Another
enbodi nent of the thin-filmdevice 1 as used in the present 35 invention is
shown in fig. 3a which substantially corresponds to the enbodinent in fig.

2a and with tstectrigmlynconngeted with theciaterfads noroneifothin-§ilm device or the

\kor |\ {1 erns dhi A1 WOV B! A0 eIR6 AMENRE RS Toularl§ 10k prfiffedl0 NO
~i : st.aggered, .but_. now al on i agonal 'l suc

the st ack applitahe inteBGpericn Pk dnfertacs Pgriaturhet SERRraRs IR o 3

t aken al ong t letetfacefd@-the iappdrnatisds, a whdlel, saiddd®iinterfane impglendmtingken al ong

the line Di i rk e I S shown

in respec?i' velf{;I/h‘.{tgogl.s tggd%tﬁ% n iSmg%%u@éatwa‘d\@%g%g%%&%g& ﬁé r gé?ld to

better expl oi davicem of the real estate in the circuit area 2, while the

staggering can sinplify the interconnection between nenories and el ectronic

circuitry in Uhs thed alsbtadansagéousl that theahbsipatede niadelie a_senticendiicoag t hat

t he nmutual arr t ' ey go]s . It

circuit area f?%grgigﬁp%‘réi%?l§/arﬂ§aﬂ;§i@é+?ﬁ1étsb&lé g@%&%g%&% # ?{égg@%t%rg%erﬁr%y, but

may be vari ed e¥gn mote patiividaries suclysinglp crybial eemisenduetingamatarisé of or m f act or

of thte_tPP”'f'sllfBoﬂ?Xﬁ& a&icuﬁg it4s ﬁh?x%céﬂ&ﬁ@%[p?@ﬂikﬁédttﬁﬂ tﬁer;wﬁf&m_ OL an

essentially passive. ri x addressahl e nenqr : nme of .thiss kind is

For i nstanve dMEHI LM SYOBEHERBE R BBPAST WS BENSHGES totrtis ihidBais

appl i cant and cohnedhioneprefeyradsthabeleotrmap comicetiohy benfeenahe eleckmonid g. 4 a

menory nmedi um.Q..i [ ] j j o : ' Y i.ng

el ectrode set cgglﬁg? Q‘[ﬁl\r%gsq%gt r%%rag’?ﬂgwng{}rf#ﬁe& éf 1§§|t% ?%&gg%yéﬁ%gﬁggﬁgﬁhl ng

el ectrode set t@8isinéarfang aseaspiarthelabpvedyingdhis-Ebm dguicss are Bplizpdryi ng a

vol tage 1§ r egMOISL¥EnypadbleUne@llyintétcansecdngver | ying el ectrode 7;8, there

will in a nmenory nmedium6 at the crossing 20 between the el ectrodes be

obtai ned a chang o0l bk bR BANARHAA0 DRAKR B3R dniVAdERANgE Of

the i npedance 1.n th ium The nenor iLum b6 | tself [1.

pr ef er ab| y be Whegginghe apma&bwg?preﬁﬁséwmr,mg% din-SiBalericss, e tﬁ%}-&gﬁi c or
organi ¢ mat er idavicebateatdaxtérisive and peovidei mahiadlytregistdrivg imethersyackedi um shal |
have a_non-| i nearf TReAANGEEORAG \eDleitired A0 ER0RM0L AT AT, forliO!
shown nenory ce ornmed 1 n the crossing between an underFying electrode 7
and an ofr| yiargpevided suerfgliated baiweenyadjaesnt thipHalm deyiceyard t he
generation of impii@ddtRil SRR epitatedNbP it SeleétBl cofiRdtionidbbfectiVelytd menory
matri x. This can_ ,advapta ef)usl. ge ac |evec1.b rovi ding the mary nmedi um
Mt Yoottty ARG erdEl ShkalS Setha Gl 18 BhR fef i e p R B hg oh
forms a di ode fhuetiun, saidointdrfaderrreareimothy resgutictive Ghint Slab e gigon imeabusisy
formng a di Od;%ingéleurf&'allwcbhnééfiEd BUECH a0 aTRYSICHiDE sgﬁraﬁbﬁldﬁwy

material 6 is a polyner, Tts information storage capa Ity can depend on a

Vol tage dna kbBiaas ROYAEARTRRAIEL: ARy, Edrtpaties’

vol tage and keeping this c ance’ t 5 current
or voltage hadnadien; wheeeindhe apnaatusessnRrises iwal Faneie hinsfilmcdexiges

material, for thosiafiien defiets ol movidedadhuni@li9rstalgetdl inhfefsedck Béreaf.pol yner,
the a \worl | frenutdi nger\opt~37 ~petwo 1 epo doc AMENDED SHEET

Che 200y oRrbiar9 R0 eRrred] conmtctdms beEer tethirt MWy MRy W o
organi o conpl BECEEHhanoPRPRANEPSTREAZe Bpan Poyited eXIcRAiNE HOTZPRIAHY ARA o
nunber of30di f fvertedllyneverrtiie swpelin shesstahgaed seckbe used in

mat ri x- addressabl e nenories and there shall in this connection for 5

i nstance be rqtml_@@itmﬁp@b&éa_tﬂﬁ@bh@%@%&%hb&@tibﬁnaﬁ@é 85. In
ed 1.n a

fig. 4 th d dwi.ch  at, t, but this,i
however, no CORUFQRELAG e Adiagea Myn UL ABYIESS B sRRRbRyel Rk P etk r ode
confi gur at i on,compinaticisainuydemeht fedpectomly ageiatiical, teriakcptisedod n "
PCT/ N098/ 00212 ¥} ahikdP §dot8G5g bPplalriRingSakBRPANCL AR s@iidattiiblSeld iy

¢ Wworl\Vremsthinger\op113 Tapctwo lepa doc
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120« 01d2d0Yi ng el ectrode 7 and the overlying electrode 8 will be nu I
isolated in a crossing and the nmenory material 6 provided over thet‘\‘@ol_(,)')é900365
el ectrodes, sonething which, of course, requires that the nenory naterddl MAY 2003
nmust have the properties which ensure its/information storage capability

al so in such a case. Typically a nmenory material in this case may be a

conj ugat ed pol yner. 15 The interconnection between the negory 3! an a

circuit 9 in ehep@vidad in the exerlapping periprsehevmedieegntyhiintilm degicss theew i n
fig. 5a. EachiQbrfab€a@hssl HRORSp& Ve tRinlNfin MRVIdeX betheCHaRRIEUaMLE  he

circuit 9 via word and_bit |ines 10. In sect.ion, taken al on he l.ine E-E
infig. 5a, tREPASeASNGBRRROIGGNSIfGhe SNl Agvises gh%ﬁ%gféﬁé gk thegeofn t ho
thin-fil m deviceh thatkhid segarm'mm lagers hewnednnthkithin-fibm d20icelh€oen ane shown two

i me | ot ec RRBTOgy esbr e i B el BBt Rt L e EPafE ot s

and conduct or thyatfiikn fleyiceshe menory 3', that is underlying and overlying
el ectrodes 7;8 as well as the lines 10 which connect the el ectrodes to the
circuit 9, sulbsaahycal thy appdraauseacooniing esl theninvhetiomagvauidenysly, b25 here for

i nstance S2, . . J J bl o | re.easy to
generate suchﬁg%‘??g%? an@ﬁ%?’i%%%ﬁ&%&%@ %gg}t,?ﬁg'%l%%%éri%%agfﬁ gl ectrical
conduct i ng st matenizleichas sHicoansrid iearriermubsiraiedpeach sasobeing graxidedir pose.
Fig. 6a 90ows JhpeREahe lowtintost il AI8Y d6PRe In thesthbl el ERTRurM GPor & ©

joined into a st.acked configuration.. before are the circuit areas are
denoted with §Bt19n§ pf%égﬁigﬁwvagfr‘@%{g‘%mc\ﬁf‘flfﬁﬁ and in the figure
shown with nutual registration, but this is no condition. The interface
area 4 is provibgsgalghla data prepeseing epparatyss prrticaMarky datactorage ppargtus

cor r espondi nghyeordiiey ® etifhvéilons SHUIERSWHRSIiBAIMEL T ifdee HBtall-ihithén devi ces 1
bei ng i ndi cat ﬁdléschemat bca}lg w th arr%\/s 4'b md e¢qt egdthng vertically
through the i AYR?YHEVHRISICHCNGE [P HEPPIEY CRPINTEPELIE WF S URYN e nade
wi th |/ 01lbnt edfawwmgs1®hedeicth connect the a

| wor Al frenr Ut | nger | opn37~perwol epo dot AMENDED SHEET  20-01-200'1 12 NO
009900365 3 O fik-la-showd@Qdat Rigw bf b nhigefilg devicewnistd imdie sipavatuext er nal

devi ces or peral:?cﬂ?fr?g'dtodt%\éi ?gs%n; ﬁ{vebﬂgﬁt and output of data. Fig. 6b again
rm : a

shows the thin- evi ces I'n stacked configuration, but now provided on
a substrate 13. wi,th act.ive electronic circuits 14. This substrate 5.can
Gell be real i 3 bk S toRInGaER e OB FrbRGTTR R HacdiAr i dRT S Bieate
silicon or nodadencalongmle bhe Ai-AL con, and the active electronic circuits for
i nstance be realized in CMOS technol ogy. The active electronic circuits 14
in the s@Pstr dige 1t3 scdonnhwoaghd deoond embodimentchfabenthini G device asKig. i n t he
managenent of L i tRi p-filmdevices and are adapted for co 10
operati ng mt#@fﬁkﬁb%ﬁ?dg‘ﬁeﬂ&ﬁ%}s&i nthe circuit areas 2 of the thin-film
devices 1. Thi i1l | eave re,.rgom.n.the thjin-filmdeyices 1 .for, pmenory
pur poses, as tffﬁé\zarﬁ P\l-aflivll?ﬁ'g?lagmrﬁse“?l??qtlwgmi;?f@ﬁilI]lr’aimr&s&/eflﬁenusteﬁilgt %se can
be restricted apparates acdordingite theepwseniripvéntior,der to maintain an effective
control and driving of the nenory, while processing tasks, for instance

Wi th regard tdigp@bad sestiohFhroyghtthethinefilnpdeviet indig 2aptakea abergothyg lared f or
error corjzectigp, menory renmapping etc. may be handl ed by processing

devi ces inplenentfed by the active electronic circuits 14 in the substrate.

Vertical intergonnections 4. i.n the.i.nterfage area 4 in. the st ed

b e il m deviie i tarah eribediern O£ Y a8 frein B bBRNRS oo ¢ ac e
13, and the elageondingio therpresdnt emventioough 20 this interface portion and
between the circuits 14 and the vertical interconnections 4' can for

i nstance be prioyi3bedsdutionethedughcthe ithin-fibm dedidenntfie Japtakehadengthetlien 15,
but this nust gAgke place in a CMOS-conpatible process if CMOS circuits are
provided in the Substrate. Instead of creating the I/Ointerface 12 in the
interfacegnarea.4 jn the stacked thin-fil.mdevicges, 25.this |{OQ interface 12
my now 3ovi d JPA R ERe bR the MR TEH G580e &7 g oRelakh aPRg bE
Anot her enbodilinenD-Bf t he apparatus according to the invention is shown in
fig. 6c. Here, as before, are thin-filmdevices provided in a stacked
configuration on the substrate 13, but instead of providing the interface
area 30 4 of the thin-filmdevices 1 in an edge portion thereof, there are
i nst ead provri ded separate interface areas 4 in order to create vertical

i nt er conne¢t " BNE " BETAEEA "t he thin-fil m devices 1 and between these and the
interface 15 in the substrate 13. This can in its turn contribute to a
topol ogi cal |y regarded advant ageQueNmsyoWHeETthe circuit area in the
separate 35 thin-filmdevice and reduce the need for horizontal current
paths therein. = ¢ \worl.lfrensrrll ngerl opn3'| epcrwol epo doc AMENDED SHEET



200031-200) ~ 13 NO 009900365 3 0 MA;' 2003 In a variant of the enbog| B 58365
fig. 6¢ the apparatus can be realized as shown in fig. 7. Here separal]l 0O

| ayers 16 are provi ded between each thinfilmdevice 1, such these |ayef§ MAY 2003
for instance are known from NO patent apfication no. 98 078! which bel ongs
to the present applicant and which is 5 hereby incorporated by reference.
These separation | ayers, can either separately or, in setJ ected conbi nations

i npl enent for ﬁgnﬁtsﬁg?,"éa%”é’l an iy ReagPECHNG ARSMPOGHPFRAt %r nechani cal

i sol ating funeddtGr-adifessatié amdnastyeeniktd i tel thin-fia)devioe ial @e dfehesed as

pl anari zation, ayer Wien the interface areas 4 in the thin-filmdevices 1
axe provided ggugef‘?o' *in fig. 7, this however 10 presupposes that they are
passed t hrough the separatiopn |layers 16, and this nust he gone b .

i nt er connect i s Ot grplameteynekthernetnx-addrassgblemgmoryin Hg. éﬁ’é?eég?%wltlhayer s,
sonet hi ng5whi gfi atfive eigafroniefcitdugt insoihii-filg devied asoshovay irbendfipuresendal and
additionally also lead to cost-increasing fabrication steps. One way to
avoid this is £ig0 5BQ¢hERatifsect{dd M olH G8dmas, RO R, kdkenhBod®tift acked
configuration,, byt _now nutually staggered. An énbodinent of thisS is shown
infig. 8a \/\,hbfl@%t'ﬁe thin-filmdevices once again are provided on a
substrate 13 and nutual |y separated by separation_ |ayers 16, but where the
interface areéigq6pg fsbembedimant wshe epparatys epeqrdingl® thg nre€nsubstrate 13
and above theigepéisgd steps in the thin-filmdevices on 20 the side
thereof. The interconnections between the thin-filmdevices 1 nutually or
bet ween ese tal LYot by

respecti ?/gl y g%???%%ﬁ?@ﬁ@%égﬁﬁgﬁ?ﬁ? gﬁg%e‘%g?ﬂgﬁ%g deqgielcﬁr%kﬁé enbodi nment
infig. 8a may¥%fCRer a not shown carrier substrate be provided adjacent
to thin-filmdevice 1 on the opposite side of the stacked 25 configuration.
In the fabricéig 6aaghirdtenehodimentef the gpperatusodccondinghp fhe presedfevi ces 1 take
pl ace from t hg,nekioahown carrier substrate and upwards, whereafter the
substrate 13 with active electronic circuits 14 is provided on top of the
stacked confi t] S ' ' i . This

i nplies that tg éayi#nﬁglrr@oer{ﬁ%é:{ﬁlﬁ%err\lgBg\%elrdbtpﬁgﬁ}l;n?gdfrgggtgpgglb?l&gﬁﬁ to the

i nterfacd>30 poYatigR 15 are realized after the placement of the thin-film
devices 1 in a preceeding fabrication step, sonething which in a nunber of
cases may be At Saragdbuearipathofin fHth eghediment ebthesapnadatys apeRIHig @ation in
the creation @he phgentihosm@slecti ons. Fig. 8b shows an approxi mately
correspondi ng enmbodi ment to that in fig. 8a, 35 with thin-filmdevices 1

provi ded nut Uﬁ%.b s%ﬁ@ﬁﬁ'éﬁ&ﬁ%mé DERAL 3F isOMaléri8h $hiklfifin technoloogy into a
Sworl, | fremst~]] ~ r.\ opt t 0 doc” Al T, . 2070'1 =2J01 14

er\ opt ~37~ I VENDED SHEET,
NO 000900365 i1 deviep 33 b in Dol esipi inY IR AStHE g8 BESTYETL st acked
confi gur @0i on sushithinifilat deviees ntoahiappaméens aeofiding ds dlst intventibe, awbstrate 13
does not cover this wholly, but forns a step down to the surface of the
substrate. Thdig.dbaghapatitallyhe préferel 2atbodimantdofhthy Appaptuwvadeddiagave t he
st epped porti I cqnf.j t] j nt erconnecti ons 4'
bet ween t he tﬁﬁ%PH}FH@%\%@g@ggplﬁﬁl%grﬁpﬁis%%%e‘%o\?\ggcﬁfégﬁgése and the interface
15 in the substrate. 13 .ext ing horizont.ally and verti.cally over the steps
in the stacke ttcorﬁf"ing(a@ﬁ%%icgﬁ?‘e P?%f.en 1“3’?‘?8{/‘@“&1%}({@0%’6 eﬁﬂ?@csﬁﬁaﬁeﬁtgwcgach
separat e t hi n-ahdlthe dpparatusiacconding 1@ ther imvention ilitedcebin merfoﬂbwipg)be
subl ayer 5 h_erreéa%@gm%?édﬁzwmg bey device 2fd béQedhdd 200 Hars Ec.t]fﬂeo@és's

i nt erconnecti o n be created, an integral part of.a sub)]ayer S
" conversion of qr}ﬁbﬁpqurem yeaton s aﬁtﬂfﬁ@@gﬂw%& greeligsd ipd

e y a
SR EF y
ve[) Iti cal el egtmﬁmallytadjuiuﬁtiﬁtgsdb%tmiagilyrmeilmrssadkad lbyersraaahed théneoulgh t he
subl ayers S by, i L RQ: i ri t.] erial in
the thin fil meaeiea BBGHER R BT AV Re RRRMHE LB
conducti ng or composedelettiuglisy pliseblerersiod thiorfelnamdth specifie and diffgreat r eady
formed tgon- fifuRtBé@CIPpodsiiY neRiR dradigRRGtabfdrigRparatel y. in each separate
subl ayer S which then is |am nated or in another nmanner joined into a stack
which forms a thin-filmdevice 1. I n PCT/N099/ 00023 whi ch bel ongs to the
present applicant and which hereby is incorporated by reference, there 20
is discussed a nethod for generating horizontal and vertical electrical
conducting structures in situ by nmeans of radiation, for instance |ight
radi at i on.\@&ueR@kGheolai ati on, for thus creating three-di nensional
el ectrical conducting and sem conducting structures in a stacked thin-film
devi ce. The generation of such structures can however also take place by
means of 25 electric fields whi q&ME[\@@{p@m§§Ispati ally nodul ated in order
to pattern the separate sublayer S by nmeans of a speci al
gener at or/ nodul at or device, such this is discussed in PCT/N099/00022 whi ch

o b o " o o o T



3B0-9ukxi0fat e 13 of this kind in the apparatus according to the pr ef‘@ 09900365
inventi'on is however no condition, and the stacked configuration of t

thin-filmdevices a IworAlfrem ~illinger\op~~37~petwol epo doc AVENDED @%2003
20-01-2001 15 1 may just as well be provi%ed on a passive carrier substrate
only, for instance forned of a foil-like material or a rigid material such

as silicon. NO 009900365 3 0 | ~i ~~~" 2CC 3 The enbodinent in fig. 1Q has

features si m Adhin-flmglevicepbaninseg Bibearesent BIvaRtiansWHIQWR mplan view In
above- ment i ongd, i NtE{RIN-ORl deRadeeDis SrgaRidel ¢edpeefivelG Th MAIRI0A8R2, I n this
pat ent application ther% are in mre det gl k gl S@l} sed.ma%gl X addtr essabl e
mermory nmeans WRITORY @F928 Jpndsan inderfecs, argd &- mogh gb‘%ﬁr’%ﬁ VRESET Y hg to the
i nvent i on andthroegletlesthal-fitmdievideasdig. Hevwaken glongdhe dine e A. &is menboin
stacked t ”'éﬂebé‘%!v@i@/‘@ﬁ%o{i‘ﬁ% mehtbrie@r3e‘%gél'i‘}’e'asip%ﬁu!-{iirﬁﬁé’%lﬂﬁ‘fogyﬂ%éh&%” for

i nst ance concern |od1es, ransistors, conpl'ementary transrstor circuits
and | ogi ¢ gat gwwreprqvided withimths-gitquih aree Brivhish gontadmetinddmPpased, however,
shal I not be glesgbsRaGrcdultryRirGnfiRéAbAtiREESntrdll chBnAinséation 21 aduedssigod
that nmenories_.in the_.separate tAhi Ib—ﬁfl Ig]dew e can be CO@I %ied .as one or
more of a nunBERIGRS AU ARRES. RAPSndIREMT ReNTCMRRIY PERAARITESHRE

REWRI TEABLE ofuncoshiwidl fop msstaiceldpnspride wrtnpg] mading anl ¢riasingiia thé scl osed in
detail ipythe - i . | j i e not be
further gloescr P%%&Yﬁ,ea{rggy%%ggEgﬁﬂnﬁ%}oﬁmﬁp@&nﬁ!ﬁ%b@%g%@@p%v;? 3{‘%5 accordi ng
to the invent inserfecenarse 4blig. tlcahowspr swetipaithiopgh dhathinifaim deviee 1n igbef or e
the joining inials fkeslkesheCiBBllingdUs a4 | Bt HepK &5 aibthECemBOEI nSP Wiat that

subl ayers in a %/.Q,gl -filmdevice 1 an Ztro.have a th{ckn SSI"%' b bﬁw 1 um
for instance HoliR' 1% the MOy aieischiPreRaing shoke Wity ¥Pieally Siagked dimy
provi ded on afitmmémorieubsiytheeimuitarea B sbutanatuatlyabolaseld bycelatuicabr r espond
to the Sﬁf’ar a¥s'o?eﬂirlfgai}$gérs.]55’lt fsqg%ﬁgcron‘ﬁ‘eétlibdy{ 1Yy e %&érﬁ@%%ﬁﬁé{&@ ed e onponent

with a thickness o r instance 20, um an In that case conprise nore
than | 00 subl S§ROF&'e MGAMDH rfo“ W%ISﬁOPFtlmggééw réh%tse%a?eeal i ze

rel atively cosyblagetedichlagatilloss discugsediin snora detuihinf the follewihnglandy and

si mul t aneousl t f ] . . in
cach monory afues HegiEhot AlRaRlouRERAGhEIRARGL Sy I EhRSIEE, L
a si ngl e menpiyidthelinggrfacenier f oot coly wased Joreonteolbing and addresgingrad
conz_eguggol y gieﬁ{cﬁie%tin:tlli’@gépaiﬁg t?intfilrﬁ\debid&; bt ﬂl‘s@@ﬁfn@xﬁlﬁiaﬁﬁﬂﬁl of a
credi card size for. instance conprise 40. such separa .mzﬂorles
and hence stof:%rrf)s.p@ngﬂﬁ%‘chgﬁngﬁgﬁertrﬂaggﬁﬁér"éfi CWF&:W Vé‘icqtﬁlé[f' e can
be i npl enent ededseal PCMCI A-1i ke card with 3 nmthickness, can conprise 100
stacked thin-filmdevices, it will be seen that the apparatus can store 50
Goyt e wit hin {ths tbonocumstascgthatvadly s¢gaeatt dhin-fibm tdevicel hisraasmded tobrrage
35 capacity c i i i tatd he estate of
cach hiniti | ErpeouBEPLRSbin, picarl KB, %ﬁéﬁ%&;ﬁ%ﬁvw,ﬁ?“%my
areas 3, 2But ecRafRteMEManEs | oehHANt\NGET L9 SamPFite mass b loutRDMS SHEET
20-01-2U0 fi &6bleKR@0R80hdoves seviebal mémarie9tdbs stabled oit@botitivallynst he

i f th t . ' f_at J d 0. 25
om x 0. 25 p, mReuh B E o i_ui3%%6?%%%2%%@2@?ﬁg%dﬁ%%éasc%#éé Byl
st rai ght f or waViW iz §igl da pad imige 38 dekanoingpoticnpiang Hhedine By in fige28een t hat
the appar at us Heg€ Hlidpardt® M oré LML the INRLE IR el {teS] 48ah aZeFrovidid
T, "SRtk IS SRt B 2 3 LSS She R e
condi ti ons whinsiményl stanks witlo fiowr rgemeriesldt and imutagidy doiated py el¢ctricall d be
Seen that tre ijdiidie B56R SIGERIEARANELY melIbhhfoll b d@r ™ fact or

the area and the ess 0 e a asi call'y and*practically 10
scaling to a SRSINQY igresdeh§tack apaamdigatad With theaefsragnes Rymysy gg a sufficient
nunber of thin-filmdevices. Integrated in for instance a PCMCI A card type
3, the appar atAnotherceambiedipendof the thiv-édmi devievlilad usedin thepprasenta

conventi gsal haychtfinSk sREWRM N fig?_3fah6hi%ﬁrsdbst¥i‘ﬁﬁ£1¢){ BoffbyRIndstamear d does not
pl ace restrictiqgns.on [ he appar at us accgrdln to the

the.d nsj ons, .t
Pnvent i on couEPPYIPERT BAiE i a1 WUDHEE MUREW LeIRSTOHE Bie PROPESS e
personal conputers and suitably scaled offer mass storage capacity in the
Thyt e range.
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F20ral 2001t nust be remarked that even though the apparatus accordigg 669@@@365
inventi'on is realized in planar stacked configuration, it may also be N

t hi nkabl e that the stacked configuration has been fornmed with deviant 3 U MY 7003
geonetries. As 20 the thin filns are madin a flexible naterial and if a
substrate with active circuits and based on inorganic sem conductors is not
used, but for instance only a flexible carrier substrate in a.form of

foi | 111 ke mat BREGATEC RutNGW HORE 151 2QrRALITE ISUCH AR Lack SRRearLS TREWE ot ance

may be rol | edpldp viiéw on figC $h) indeetion ipfige3b itdk@ncamid gierlaid GrCiih fighes was

advant ageous foy. the. .pur e,. ln any case it kS22 evident 1 hat
appar at us acc%ﬂcgﬂnnsge%{lgnt"ﬁg{sgi E%éﬂﬁn OQ%QH Q’Z%bi%‘r'% lgf&ﬁ% g‘trlr%f%rgle%%gtcan be
i ncor por at ed ofithetrhemonbinehe staskasshowe ineegpectnedytfig. da anidaignkssearobe
stiffnesss no | angel e|oﬁs Wi‘@lvrgg?x?lt%'cﬁoe%f’cﬁgl’&%ti!?ﬁ ot $id efaPésth{EPi'necgEF‘“ ng
applications 1 n c_or%p etely erent, cir u,mstances_t%an t hose ich are
regarded to f@FeUhRieRi2n WHile the sii@eering 6AN simplatydhe dutsronaectaon Pels¥sssl ogy. c
\ wor kI f r er nsumkiiopies la@dletdctiopid ¥et a9 if oke AVvENDEaSHEEE of cbusd tobeg 2003 17
PATENT CLAI V5. Cllf chl t%ltg dat a ,processi ng ﬁ ar at us Y9};’;1rt{'§lcul arly a data
storage appar 3rEst08 ﬁ%i § R STERRERBERT Ph N REPATIES S Mhde Y ch form
a pl anar | ayearegéniarthe ettchiy areaniptrentislly s notkeditedibd sgree sp(cS%'lcof thin-film
5 materig), V‘%&{rﬁétg{,tﬂﬁ? Vitied WirhiPboGfaRes Eﬁh‘;byj B o¥b Sfimehd and
conprises elettrjc I'solating. and/ or c¢onducting and/"or sem conducti ng
structures an@le§PFYBcf?€FPé§f\frh°cQ%“i'ﬁlfl’@rqﬁé’t“ieoh storage capability realized in
the thin-filmmaterial in a sublayer (S), wherein the structures register
with or cont aBig. 8lshowsischemgticallyethe embostimentsoiodn esseatialiygassivemptibent
et Ve and pa e e oS & g

iv | ui Joqi [
St 1 m dovt e NRaES iicE befores in eaess e behrdth ardEF bish iedetnis,
t hi n-fil b5 devincerforitell tyrreferendd. 1r diguidthmantony ereedlivrarésisqavideddhi t ect ure

and extend t hg ‘d%cﬂW}qoxg;sﬁ@c;tlﬁzggfﬁeﬁgﬁé@érﬁy&ﬁ?eléc‘&%{d‘é%f %%gs{tﬁ{g”oq&?aﬁ%ﬂcu”

el enents are electrica 0 rfzont a riccal " conducti ng
struct ures i nStEiRE edpctiasied 7amd| aneveslyirg elpstrode st onsisting af magallel sHiRfuct i ng

structures exeleogbdd 8.mpugﬁlyﬁ%€a 061tdEY © RbpddiiveBuin ayderdyin®hndand wherein
that “each, ¢hi v he Asroae 738, e il BLE BSy el it ahe PRI ° 50"
whi ch f 020n onketsveendhecleatroiss beidblainads ehangemfistate vahigh feraiontance Bam menor y
medi um (6) i npa { 1 } heeiumad et in the
formof stripe- Ie? eb@de.’%}i f@ngb@éﬁﬁ??%ﬁ?ddﬂg&%ﬁjirrlléﬁfsc){??ct lEﬁeis‘f:éji)a or

el ectrode st i BEAESICHitmH eelt wall areieraily e aade &) 2 glsqulariBptsyiah or a

cor r espondi ngcabenscends isdrgamicloresganic emdtedalk lssa Ay it will be desinahjeotizdt t o t he

25 el ectrode &Iefﬁl‘éfn%hﬁﬁxegg&dnisﬂal? Bgy 5rn%h-lgxfe%?ﬁ&lgg%gs%@tézgaf&?cr?sltﬁ%&gﬁ set s

respectiyely bejng provi in turther s ayer ] QI ning sal nory
subl ayerggn eé‘g‘%feéﬁlﬂéat”r?élsh%‘ﬁ’? m9wlb§>am@§§aﬁh%cmﬁlﬂgfbeéw%a%lre created
i( nt ?e memﬁr yundehying ect@ide tThandcarnsseriygag kbicteds 8, tewtll be desigeble ltc}s uc:j ur es
7;8) in the {] C t t i pzikd 4.m devi ce
(1) 30 furt heg}%%hb&gg%eéggﬁt%&(ﬁ%a‘%g@ '{‘%gﬁ\%ﬂﬁt%ﬂtsftgﬁtr‘%‘%ﬁggﬁ’gﬁ?%ﬁ%% n-film
circuitry fortheonemery magix.dFhigicap adrentagenusts begchigeedbybrovidmg hej n one
Or nore MenorhRdrd medigml WitR eyt fropeftids], prefeladiyBy avdngeracidgw t h

el ect rodgostrijct urm's_? icl’i]. resgeccétl vel‘%/ he first alad t%e s?}gond

el ectrodd" set P s adiodg rundhion, oby g HEmERY Mydm Sifsely as

el ectrical cosperoanempsBsiosming b diede junctabstitntheadlégtradeemstemal.subl ayer s

wherein the el ectrode sets are provided, and that each thin-filmdevice ( 1
) has a respetf theanembey hateial 6 ievugrolymehdts infiormadtionnstoge capabilithean

appar at us, . Sa'dg%%ﬂf &l L%ﬁgﬁ%é)gf ﬁgiﬂés@cla'n%gq'alue~th8re6f~~gie1zﬁ)é);ﬁie]d8el}§4:t§ir<1 . .
communi cati on signa nés and supporting Clrcurtry Tor processing said
l i nes -and ci r EBITERY LR iageAng\kegping thiy @b@@@gilm@eé@me@eﬁlwaism@wm ar eas
(ﬁ) inttta_e tg'bﬁrréigﬂmﬁiflﬁdg%ﬁla@b)een%réléﬂﬂﬁ’f.grwm@ﬁﬁw g glsb®ecd awittHabld
characterized_in that the nenor ium i n.one_oOL NDre menorie

Conpr | ses i BHAEHE: Ll BSPBEE & SROTREH el Pl B Ep ST RE o R OF T
nmononers, oligoners or polyners, carbon-containing nmaterials in inorganic
or organic form or a juxtaposition or mxture of such materials. 3.

Appar at US waGe.dioRGude@epGl 2l m 2, 10 characterized in that the menory nedi um
(6) conprises a nenory material which in a nenory cell provides a
non-1inear current/voltage characteristic, said non-linear current/voltage
characteristic being generated MIERDERMEERT Or gani c di odes or a

t hreshol d-swi tchabl e material. 4. Apparatus according to claim1l1, 15
characterized in that the nenory medi um (6) conprises a swtchable

e e - o, . e T T Y 1



520-Q3p20Gik us according to claim1, characterized in that the menory @6@@0365
(6) is switchable and has a non20 linear current/voltage characteristic
Apparatus according to claim1, characterized in that the electronic 50 MAY 2003
circuitry conprises inorganic and/or or gdhi c semiconducting materials. 7.
Apparatus according to claim1, 25 charact erl zed in that the interface

areas (4) in one or m)rethlnfllmdewces are f)wded integrated in
an edge porti 8f lagizatipn stage of which t@alcauwdgerqﬁsm 2 SpeCifip logie statg.1Qra case

[ﬁglt St ﬁrl ngt md]g arakledansfer nﬁaaaé@tau& aaslEd siiéh ta@lxggmtmy GélepdlpctRre td in

a e interface i on_addi t.i onprjses an
/O interface r{f’h affl[(’f]%wg aif@;mn%gﬁﬁegpngm%nqrylrﬁatag\# infxin%yg (B
optional ly thén apfrex-atdsssable menudress anddherepdhabieintthisf aomeeecioorsfdror data and
si gnal Cog‘mnﬁxfs?édcgrbevk‘effé}r?&@efb%k/e alﬂél{tf?f{xeﬂﬁl'bﬂ’i@&ﬁ@ﬁ P@g‘éN?r?%/%mss gh T

2003 19 9. Apparatus accor acteri z
t hi n-fil m deviige4(thy memaryds gfca\eﬂe%m asa%mfvaémaé@@gﬁ@cwr St Héslin a

substrate (13howev&h natvasaﬂit&ﬁlsarapiths/evhenycpb@.ﬁaleCtoCémpluytaao(hbﬂ):ld‘c@rode
i npl ementi ng ad%tlétlo ontro functlons inb5

t he appar at us %‘hraFﬂPn iIPSHARRS, 7 E’nge gor?tn%\&aﬁand’aérdh%i With a circuit (
14) over a sepP&TANOIM G awbichredordgs)toihe present azpdivantsmd wheenths

tical iy th f |
verticaly !h ﬁﬁaaﬁs{]hg%éﬂd?re#é@ fR\veeR: e(g]él%&r?qg M@%%ﬂgﬁ@g@gla@ed
according to &t ACHsSINgIINEhETREMErY Pateriah tmatnqeﬁ@@nﬂm §6654583) conpr i ses

an interface pemethaflg (whidh \Mf!d@hrwta;ms liipatithe Medhory mitetilbmbwbhiverthe and
parallel to and ad ilm V|ce and

Bhi ch s el ecbreaiey SBist Subih A RARAST BLfie Eiph Mt Mg iR e

t hi n-fil m devilypically 3 memoryenaté¢rial- mutllnmcaewmersbe(alstomugwd@dl)ab@ve t he
substrate (13). 15 11. Apparatus according to claim 10, characterized in
t hat t he 15nt efThadatepaorineotiof b Bveenfthie hieamnorydTan % ecain 91ih Ehe oirewit acen (12)

for the appar at; E§h@®ﬁ§c%}8|‘1§?al§ﬁéﬁ il p(Pafil e 5&? %&%adri@* @g‘(}j‘édt{&

functions for data ext'erna Er?” pher al
devi ces. 20 18,7 mot;blarra@tm@c ACOPReHIAG tq thecqigguiy ﬁivna werhpad birlingsd 0 A0 ehat t he

substrate ( 13)se¢tsormmen la[brag e m&%&tﬁ@%mh@ﬁtrahgerﬂ@ﬁtxh(ﬂg @Ea'ﬂérrﬂed

i norgani c singl gnduc ri an v nor.e r&icularly
a such singl e%cs Pé BSedh 8clc[)lnt Egli %dinf‘rgf‘érf’gll ?# agP?arcaS%wag 1 rat us
accordi n@0t o G’Y@FWIEZSIIOEBI twy sackedymenorigsy3’i, ¥ 2 and thecirgiait 9tWh; | ectronic
circuits ( 14wHoMy 418 réatpaddriat£thin-Fih teamdlsgylmdcmraﬂmtb%mem 14.

ar at acc cl.ai m,10 r Ccla har act e
Atk ﬁﬁﬂal?aﬁgpaﬁv'mew hetdr B St B e Ry 8 nfd s dndbiiing o
13) and its |ranérofvadg1q@clbctmude(s ’ﬂ,s)aswell/aatlteﬂummmwhfdncx@npocttuhen 30 (15)
to the 'nterf%%n%rd@a%o }f)é)mwnf Lﬂ)@ﬁ\ﬁﬁah%‘ 13Nk r&lhbhr?lﬁ?evéagﬁésﬁb]%y&re

reallzed C%% |c I nt er conne
accor di nd CEq rlmswaféﬁ? 8o ﬁeaa%éa’rsé’t"%t B Picoekill pgke it RBFRCAB n-f i | m
devi ces ( 1 ) to gbadracd udhzamrdnt patitandhnidbetor fpathy idake €een Of tlectridad

substant i al |y GAGXLENSIKGrfls'iBrR AI%nE Eine'sBY1JE JBU AR o 034,271 N0 1 1

the stack ther

Fig. 6a shows how several thin-film devices 1, in this case three, are joined
into a stacked configuration. As before are the circuit areas are denoted with
30 2 and the memory areas denoted with 3 and in the figure shown with mutual
registration, but this is no condition. The interface area 4 is provided on the
side of the circuit areas and registers correspondingly, the electrical
connections between the thin-film devices 1 being indicated schematically
with arrows 4° and extending vertically through the interface area 4. Further
35 the interface area 4 can be made with I/O interfaces 12 which connect the

¢ \work\fremstithngeriopti3 7apeiwo lepo doc

AMENDED SHEET



200@1~2001 f 20 16. Apparatus according to claim15, ~ o ~~ae zo000 0990
009900365 characterized in that one or nore separation |layers (16) a 8 0365
provi ded interfoliated between adjacent thin-film devices (1) and 30 MAY 2003
i npl enmenting either separately or in seldéted conbinations respectively an
electrical, thermal, optical or mechanical isolating function or

planar|2|ng functlon said interface areas in the respectlve t hi, n- fllm

devices ( 1 ) thin-idlke Hevigee ! puthpoteshemn exama) deviaeer Beripheaal davieesifer

respective Se@ﬁ;ﬁlﬁtdnﬁrbult@&%fdatd 6). 17. Apparatus according to claiml1,
wherein the apparatus conprises two or nore thin-filmdevices ( 1),

char act er | zed il diaih SEob Bk S P1AiS00 88 inbrdoid) ArFiaRFAN e, tbaual 1Y

staggered in tus acco
char act er i zed providpdon @l substrated3 wshristive ekestronic) mmémdéln Tihesubsinate | | m

devices (51 ) cﬁﬂ@ée‘l’fb@%ta‘fﬁ@d‘ it B€iddi ﬁ‘nlt':'shﬁh&ﬁl‘ﬂh@ﬁﬁ QnaJcerXalaftﬂ' iatand i onal
substrate ( 13g are pro

ext hoy i, zont.al |y over the
Stens n the  Hhi@hnsTRedEaRo! 8113 O, 580 156 actisg ef%rpng AT RATE
char act er i zed instatidedie @alzed imGMOS epdmaiogyn Thaeetise eleBjroaicecipaots Weih

| nterfoliated P@%N&%teaf’i %%el%ﬁﬁr{d%h%ﬁ h{)ﬁ}&ea‘ﬂdcceo?mfm&}utcﬁﬂgn %&‘s‘i{f@ n"i‘ttl‘?é voor In

sel ect ed conbi nat1ons
optical 20 or MANGBEMERGD mgmoatesmrgtltﬂrthan-éilah@ﬁwwr@dfam@ﬂmtﬁd ahacw hat

separati qg Iab?&mi(n Whmhyﬁm SirBlieY i8R dirtuithReVEOF eiPihdg fAY ddvagesof two
adj acent thin-

th t. t
Tl ot i1 m devilcabTy Wil bR ror G0 Bl B Sa D Bebita L BE TSy PGS S ¢ ne
t hi n-fil m deviasdbe (Hin-film siraggenate airenittahersebin thsucdsetchntbetrestristghioat i on

layers ( 16) be @hﬁ?ﬂe&e{% n ofr&érr?oqﬁ% }Bff?ﬁ a(;%kfecﬂ(ré"céﬂtr&!ﬂ%&’&ﬁ@m{gayer

w t hout V|asfor rrca nneC|on he separate in-film
devi ces (1). t%m@moavu‘y ewcmswggtt@;sl@ Eerﬁpatan%afﬁtadﬁsmdzfeopqrﬁl%at t he

appar at ugsi s @ﬁpwailﬁctm teo foditd e theSmb/ioF d\ah@d for erest @rrertibal mehideg materi al
or arlgldmat rial. su [

bei ng. provi dedeRapaRBc e Rt bhafen s heoesi e fviddbirgh ndlp Wk or
an optional | y agtive etestrogigheireuitsel 4 inlthe substhate] ¥erticahingexsionpegtians(4’in) . ¢
lwor I\ (r gmsul [EHW it ARASARR Y mhse&cﬁeé tlﬁW@eﬁ'&Eﬁomﬁ&n&’é’at@imtﬂn') Af
AR Ay A 1nt%rface %rtxon BS 0% the- substrate 1§ aﬁ%@[%le electnc%ﬁ connectlon throw
20 this interface portion and between the circuits 14 and the vertical
interconnections 4’ can for instance be provided by metallic vias formed in
the interface portion 15, but this must take place in a CMOS-compatible
process if CMOS circuits are provided in the substrate. Instead of creating
the I/0O-interface 12 in the interface area 4 in the stacked thin-film devices,
.25 this I/0-interface 12 may now provided in connection with the interface 15 of

the substrate.

Another embodiment of the apparatus according to the invention is shown in
fig. 6¢c. Here, as before, are thin-film devices provided in a stacked
configuration on the substrate 13, but instead of providing the interface area
30 4 of the thin-film devices 1 in an edge portion thereof, there are instead
provided separate interface areas 4 in order to create vertical
interconnections between the thin-film devices 1 and between these and the
interface 15 in the substrate 13. This can in its turn contribute to a
topologically regarded advantageous layout of the circuit area in the separate
35 thin-film device and reduce the need for horizontal current paths therein.
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~yt.0j e [ V] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] cRaD]Q:g]?%?ﬁ 5,365
a] ca] caU] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca! IAY 2003
c'n"{"""""A$ 9%, a,r,~, ,/{00#36>606] 6] 6Xx683E=#>>@ @@ @upkf [V]ca] cal] ca] ca

] ca] ca] ca] ca] ca] ca] ca] cal callc

DI DDGEE+ FFFCOEBE0E FI o1 55 2ERC) U Bbcboqejappaas can be realized &

a] ]ca] ]ca] ]ca] ]calsﬁadvﬁaﬂl @‘@l galesd nggimk &dsCla] ara]pe a]ai]gggbe?m] @ahclm]nc a] E ?] \c \6/1\]]
calcalcalcalc 0QQRO0 zupkf a
] ca] ca] ca] ca] c}ﬁv&%ﬁfcsug% S¢ f%ea[f Qa’] H’é%‘é’]éf 3};&? own irom W 3 B P
aj caj ca] ca] cappplicajonaja £8) 47 8d]wh1]cha3]eibca]gsap¢he] pedsent] a:ppltcant/\md whxc]h l;a | cal

z| "zaz ca]c&a] ca]ca
]’ZQZ’QU} c aj cai cascgy%?cai%aﬂér%géa]% fﬂéﬁ%&?ﬂ&?ﬁi?}g ga &%%
/ 2At S {vqgl gb] X¢paratelx-an vegetestedembingions smplea et feninsinea pa Hfda] ca] ca]
g ]EI(L:J]a]C 21; a]cc?} (ﬁlze}rg%l% r Wi)cﬁﬁ?{)ﬁﬁ‘:]e@l@drﬁ@dﬂﬁolatm function. In a astacéted configuration
a] ca] ca] ca] ca] R ’Pﬁ]’ 85]03& ‘tsg]i%ﬁ%l’ %HH&}I&&]@%&?‘]@&]M H’a‘%}r(k%ﬁe%fﬁ%] ¥4] ca] caa
B010% &' ( Hlm’' dHAteR ( arelifitod Bled)as SO iQ)fig.i 71 OB hopwever
«b@ 3?33%‘ 0 %Sféiﬂg?{%ﬁ"%t tPe*@%b%ﬁé’é‘%é *hrh%gtﬁ% %%Paéa%’%o%) IR ().
VW X6nb@ MD" 1@04sS by gopy bysintergopgections foriingfegee i the Sonmag, Veé)&@lf €109%& ()-sl
0%\/&0 () - \OWX9 5épak@ibn layers, soméathmg whlgh in reg agd of the isolating function may 0bf: .
ok 3k 1ok g Ry s B LR b R RR S o <0720

One way to avoid this is to provide thin-film devices 1 as before in the

15 stacked configuration, but now mutually staggered.

An embodiment of this is shown in fig. 8a where the thin-film devices once
again are provided on a substrate 13 and mutually separated by separation
layers 16, but where the interface area 4 is provided between the interface 15
in the substrate 13 and above the exposed steps in the thin-film devices on

20 the side thereof. The interconnections between the thin-film devices 1
mutually or between these and the substrate 15 are schematically indicated by
respectively horizontal and vertical interconnections 4°.

In the embodiment in fig. 8a may further a not shown carrier substrate be
provided adjacent to thin-film device 1 on the opposite side of the stacked

25 configuration. In the fabrication can then the arrangement of the thin-film
devices 1 take place from the not-shown carrier substrate and upwards,
whereafter the substrate 13 with active electronic circuits 14 is provided on
top of the stacked configuration as a last step in the fabrication process. This
implies that the interconnections over the interface area 4 and to the interface

30 portion 15 are realized after the placement of the thin-film devices 1 ina
preceeding fabrication step, something which in a number of cases may be
advantageous both with regard to costs and a simplification in the creation of
the interconnections.

Fig. 8b shows an approximately corresponding embodiment to that in fig. 8a,
35 with thin-film devices 1 provided mutually separated by separation layers 16
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horizontally and vertically over the steps in the stacked configuration.

Fig. 9 shows quite schematically how each separate thin-film device 1,; 15;
1; are constituted by a number of sublayers, here shown as four layers S,-S,.
Horizontal electrical interconnections can be created as an integral part of a
sublayer S by a conversion of thin-film material in this sublayer and
correspondingly vertical electrical conducting interconnections can be
created through the sublayers S by registering portions of electrical
conducting material in the thin film. Under particular conditions can such
electrical conducting or semiconducting structures be generated in situ in an
already formed thin-film stack or they can be generated separately in each
separate sublayer S which then is laminated or in another manner joined into
a stack which forms a thin-film device 1. In PCT/N0O99/00023 which belongs
to the present applicant and which hereby is incorporated by reference, there
is discussed a method for generating horizontal and vertical electrical
conducting structures in situ by means of radiation, for instance light
radiation or particle radiation, for thus creating three-dimensional electrical
conducting and semiconducting structures in a stacked thin-film device. The
generation of such structures can however also take place by means of
electric fields which are applied spatially modulated in order to pattern the
separate sublayer S by means of a special generator/modulator device, such
this is discussed in PCT/NQ99/00022 which belongs to the present applicant
and which also shall be incorporated by reference.

The apparatus according to the present invention is shown exploded in its
main components in fig. 10 where it appears with three thin-film devices 1;;
15; 13 and the interface area 4 provided in an edge portion of the thin-film
devices. The apparatus in fig. 10 is shown with the use of a substrate 13
which comprises not shown active electronic circuits and an interface 15 and
also forms the I/O interface 12 for the whole apparatus. The use of a
substrate 13 of this kind in the apparatus according to the present invention is
however no condition, and the stacked configuration of the thin-film devices
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technology, something which, however, shall not be discussed in more detail
here. It is also to be understood that memories in the separate thin-film
device can be configured as one or more of a number of memory types, viz.
RAM, ROM, WORM, ERASABLE or REWRITEABLE or combinations of
such memories. Also this is disclosed in detail in the above-mentioned patent
application and shall hence not be further described here.

Each thin-film device 1 in the apparatus according to the invention can be
built on a proprietary separation layer 16 before the joining into a stacked
configuration takes place. The separate sublayers in a thin-film device 1 can
have a thickness well below 1 pm, for instance down to 0.1 um, which
implies that a thin-film 'device 1 provided on a carrier substrate or a substrate
which well could correspond to the separation layer 16, together with this
will constitute a component with a thickness of for instance 20 pm and may
in that case comprise more than 100 sublayers, something which will be
sufficient to realize relatively complicated electronic circuits in thin-film
technology and simultaneously allow that tens of separate memories 3’ can
be stacked in each memory area 3. With a memory cell size of 1um? can then
for instance a single memory of 1 cm” comprise 108 memory cells of this kind
and consequently store at least 10® bit. A thin-film device the size of a credit
card size will for instance comprise 40 such separate memories and hence
store 0.5 Gbyte. When then the apparatus which for instance can be
implemented as a PCMCIA-like card with 3 mm thickness, can comprise 100
stacked thin-film devices, it will be seen that the apparatus can store 50
Gbyte within the conditions given by the form factor. Increased storage .
capacity can be obtained with better exploitation of the real estate of each
thin-film device, that is increasing the dimensions of the memory areas 3, but
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Wthh could be used in most of today's personal computers or workstations.

Under the conditions which follows from a given data storage density, it
would be seen that the total data storage density will be given by the form
factor, the area and the thickness of the apparatus. Basically and practically
10 scaling to a design storage capacity will take place by using a sufficient
number of thin-film devices. Integrated in for instance a PCMCIA card type
3, the apparatus according to the invention could then replace a conventional
hard disk memory in the card. Where a given standard does not place
restrictions on the dimensions, the apparatus according to the invention could
15 replace existing hard disk solutions in for instance personal computers and

a

suitably scaled offer mass storage capacity in the Tbyte range.

Finally it must be remarked that even though the apparatus according to the
invention is realized in planar stacked configuration, it may also be thinkable
that the stacked configuration has been formed with deviant geometries. As

20 the thin films are made in a flexible material and if a substrate with active
circuits and based on inorganic semiconductors is not used, but for instance
only a flexible carrier substrate in a form of foil-like material, it is thinkable
that the whole apparatus for instance may be rolled up into a cylinder or pipe
like configuration if this was advantageous for the purpose. In any case it is

25 evident that an apparatus according to the invention realized in flexible
materials can be incorporated in other objects where the requirement for
planeness or stiffness no longer is unavoidable and hence be used for
implementing applications in completely different circumstances than those
which are regarded to fall within the scope of conventional computer

30 technology.
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3" 100U& () - | “layer genaysts @)numbpr of stacked sublayers (S) of thin-film
5 material, wherein the sublayers (S) of each thin-film device (1) comprises

electrical isolating and/or conducting and/or semiconducting structures and

structures with information storage capability realized in the thin-film

material in a sublayer (S), wherein the structures register with or contact

electrically other structures of this kind in adjacent sublayers in the stack

10 forming the thin-film device (1) for realizing active and passive electronic

circuits elements or logic cells in the thin-film device, wherein the active and

passive circuit elements in a thin-film device (1) are realized with a three-

dimensional architecture and extend through two or more sublayers (S)

thereof, wherein the circuit elements are electrically connected by horizontal

15 electrical conducting structures in one or more sublayers (S) and vertical

electrical conducting structures extending through one or more of the

sublayers (S), and wherein two or more thin-film devices (1) are provided in

a stack, characterized in

that each thin-film device (1) comprises one ore more memory areas (3),

20 which form one or more matrix addressable memories (3’), each with a
memory medium (6) in a sublayer (S) in contact with a first electrode set in
the form of stripe-like parallel electrical conducting structures (7) or
electrode structures and a second electrode set (8) in the form of
corresponding electrode structures oriented substantially orthogonal to the

25 electrode structures (7) in the first electrode set, the electrode sets
respectively being provided in further sublayers (S) adjoining said memory
sublayer on each side thereof, whereby addressable memory cells are created
in the memory medium (6) at the crossings between the electrode structures
(7,8) in the first and the second electrode set, that each thin-film device (1)

30 further comprises circuit areas (2) which form electronic thin-film circuitry
for controlling, driving and addressing the memory cells in one or more
memories (3’), said electronic circuitry being connected with electrode
structures (7;8) in respectively the first and the second electrode set in a
memory (3°) via current paths which are formed as electrical conducting

35 structures in substantially the same sublayers wherein the electrode sets are
provided, and that each thin-film device (1) has a respective interface to
every other thin-film device in the apparatus, said interfaces being realized
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2. Apparatus according to claim 1,

5 characterized in that the memory medium (6) in one or more memories
comprises materials selected among molecular materials in the form of
monomers, oligomers or polymers, carbon-containing materials in inorganic
or organic form, or a juxtaposition or mixture of such materials.

3. Apparatus according to claim 2,

10 characterized in that the memory medium (6) comprises a memory material
which in a memory cell provides a non-linear current/voltage characteristic,
said non-linear current/voltage characteristic being generated by inorganic or
organic diodes or a threshold-switchable material.

4. Apparatus according to claim 1,

15 characterized in that the memory medium (6) comprises a switchable
material, said switchable material being a non-volatile material, selected as
respectively a ferroelectric material or a charge transfer organic complex.

5. Apparatus according to claim 1,
characterized in that the memory medium (6) is switchable and has a non-
20 linear current/voltage characteristic.

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

7. Apparatus according to claim 1,

25 characterized in that the interface areas (4) in one or more thin-film devices
(1) are provided integrated in an edge portion of this or these, said edge
portions in the latter case registering mutually.

3. Apparatus according to claim 7,

characterized in that the interface area (4) in an edge portion additionally
30 comprises an I/O interface (12) for the respective thin-film device (1) or

optionally the apparatus as a whole, and implements functions for data and

signal communication with external and/or peripheral devices.
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through the thin-film devices which are located between a thin-film device in
question and the substrate (13).

10.  Apparatus according to claim 9,

10 characterized in that the substrate (13) comprises an interface portion (15)
which extends horizontally in the substrate and parallel to and adjacent to the
thereabove provided thin-film device and which is electrically connected
with the interface portions (4) in thin-film device (1) or the thin-film devices
(1) provided above the substrate (13).

15 11.  Apparatus according to claim 10,
characterized in that the interface portion (13) further comprises an I/0
interface (12) for the apparatus as a whole, said I/O interface (12)
implementing functions for data and signal communication with external
and/or peripheral devices.

20 12.  Apparatus according to claim 11,
characterized in that the substrate (13) is made in a semiconducting material,
particularly an inorganic single crystal semiconducting material and even
more particularly a such single crystal semiconducting material of silicon.

13.  Apparatus according to claim 12,
25 characterized inthat the electronic circuits (14) in the substrate (13)
are realized in CMOS-technology.

14, Apparatus according to claim 10 or claim 13,

characterized in that electrical connections between the electronic circuits in

the substrate (13) and its interface portion (15) or via this interface portion
30 (15) to the interface areas (4) in the above lying thin-film devices (1) are

realized as CMOS—compatible metallic interconnections.

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

are substantially coextensive in the plane and provided mutually registering in the stack thereof.
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separately or in selected combinations respectively an electrical, thermal,
5 optical or mechanical isolating function or planarizing function, said
interface areas in the respective thin-film devices (1) in each case being
electrically connected over vias in a respective separation layer (16).

17.  Apparatus according to claim 1, wherein the apparatus comprises two
or more thin-film devices (1), characterized in that the thin-film devices (1)
10 are provided mutually staggered in the stack thereof.

18.  Apparatus according to claim 17,
characterized in that electrical connections (4°’) between the thin-film devices
(1) and/or between the thin-film devices (1) and an optional substrate (13)
are provided extending horizontally and vertically over the steps in the

15 staggered stack.

19.  Apparatus according to claim 17,
characterized in that one or more separation layers (16) are provided
interfoliated between adjacent thin-film devices (1) and separately or in
selected combinations implement respectively an electrical, thermal, optical
20 or mechanical isolating or a planarizing function, and that separation layers
(16) only are provided in the overlapping portion of two adjacent thin-film
devices, the interface areas (4) of the respective thin-film devices (1) being
provided above exposed surface portions of the thin-film devices (1) in
staggered area thereof, such that the separation layers (16) between the thin-
25 film devices (1) form an unbroken layer without vias for electrical
connections (4°) between the separate thin-film devices (1).

20.  Apparatus according to claim 1,

characterized in that the apparatus is provided on a carrier substrate formed

of a foil-like material or a rigid material such as silicon, said carrier substrate
30 in each case being provided adjacent to the lowermost thin-film device in the

stack or an optionally provided substrate (13) with electronic circuits (14).
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