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Generally the present invention discloses addressing architectures that
provide electronic N-terminal access to volume elements or regions thereof
in two- or three-dimensional matrix structures, where the number N of
terminals to be connected at each address in the matrix is at least three.

30 Orthogonal addressing matrices in two dimensions are employed extensively
in a wide variety of electronic devices such as cameras, memory devices and
displays where it is required to have unique electronic access to each

individual matrix element.

The simplest type of matrices consists of one set of mutually parallel
35 electrode lines (termed “a” electrodes below) in one plane. located in
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25 stripe-like electrodes in a layer contacting the functional medium on one side
and the cathodes are provided as a second set of stripe-like electrodes that
contacts the functional medium on the other side, the stripe-like electrodes in
each set being mutually parallel and each electrode set being oriented such
that the electrodes therein in one are oriented orthogonal with respect to the
30 electrodes in the other. In practice a cell in the volume element of the
functional medium is now defined at the crossing of a stripe-like electrode of
the first set with a stripe-like electrode of the second set. When a cell in this
device is addressed, e.g. for writing. reading or switching of e.g. a logical
value assigned to a cell, electric energy is applied directly to the functional
35 medium of the cell via a selected pair of crossing electrodes in respectively

the first and the second set.
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provided between or over the crossing of the electrodes in the respective sets.
thereby forming a volume element comprising only one cell. This, of course,
does not affect the total possible number of cells in the matrix, as this

25 essentially will be the product of the number of electrodes in each set.

In arrays and matrices of the above-mentioned kind that store or process
electrical signals the matrix or array elements thus defined may include
various kind of components and circuitry. depending on the application, but
at each crossing point only two independent electrical connections to the

30 outside world is possible. Thus, the two sets of electrodes can only support
exclusive addressing to two terminal devices or circuits, due to the two
dimensions available.

Several approaches are used today in electronic systems based on matrices
and where each matrix element requires more than two terminal connections.
35 In SRAM technology the memory cells require more than two terminals, 1.e.
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20 by two coordinates. Layer is built upon layer in a series of deposition,
masking and etching steps involving precision alignment operations, etc.
This approach affords only limited scalability and flexibility, and leads to
rapidly increasing topological complexity as the number of terminals at each
matrix coordinate increases.

25 Regarding true three-dimensional matrix addressing schemes as shown in
fig. 2, there are as far as can be ascertained no examples of high-density prior
art devices made by mass manufacturing processes. In practice functional
addressing schemes for matrix addressing in three-dimensions have not been
easy to implement while simultaneously achieving low complexity and high
30 compatibility with simple and cheap manufacturing processes.

Thus it is a major object of the present invention to obviate the above-
mentioned disadvantages of the prior art by providing generic architectures
for addressing N-terminal (N > 2) electronic devices or elements arranged
physically in matrix fashion in two or three dimensions.
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25 In an advantageous embodiment of the means according to the invention the
substantially parallel strip-like electrodes are provided equidistantly spaced
apart.

In another advantageous embodiment of the means according to the invention

an electrode set in the matrix is provided rotated about an axis substantially
30 perpendicular thereto, by a given angle or angles, in relation to at least the

proximal neighbouring electrode sets, such that none of the strip-like

electrodes in said proximal neighbouring electrode sets conformally overlap.

Preferably are then all electrode sets in the matrix are provided mutually

rotated about an axis substantially perpendicular thereto, by a given angle or
35 angles such that none of the strip-like electrode in any other electrode sets
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geomet ri CALcora{HPRARNRMN iR thB@luﬁﬂJelr 9fistrip-Nke ré&icltﬂoxies peovdded i amxi m ze the
nunber of addressabl e cells 6338‘?' and eferabl by ?‘ t %Qm@m@?ﬂnber of
ctr

strip-1i KESAH BESLE T ERIEShi OV ARG SR set 1s sel ected
so as to apablementhef acdredssnnig ofatax.cel ds mmahmlmtlﬁ IXumlpfrf @n enbodi nent

of the fdaﬁﬁsasagfycdan@qh&%n& hedl dﬂé%?e%%lﬁ'}s mraehﬁansacmﬁuhkén a vol une

el enent triX 1S provi least two terminals, it is
ons]ijere‘tie%tm@ﬁtr&@é&% 19@6\%1&%’@6%"@@"&%@bgdi?l?“é%ﬁ%a%%e? €layer or 20

| ayers fom@iadrdsimover! 1@ ] 61 erenttrixd a sandwi ch arrangenment, an el ectrode
adjoining a surface of at |east one volune elenent layer in an interfacing

relationspjp, Eﬁ%ﬁ@ﬂﬁent%%@@éaﬁ@@cﬁr@ 't@gh@@ﬁ\)ﬂ'&l@l@nt\m@eréﬂ édehl dekle
electrodes in each electr n the vol urrgksel enent,
!

i
and pr ef ePagbl 9IunE cleRsAt i @ueda%trf/ ﬁcPtr?‘équegrvﬂjk ﬂ@&aﬁé%tgﬁng}?l trode in
an el ect r @ggiddres ainghtageous providing the electrode layers and the layer or

20 layers forming the volume element in a sandwich arrangement, an electrode
adjoining a surface of at least one volume element layer in an interfacing
relationship thereto, whereby the crossing between the strip-like electrodes in
each electrode layer defines a cell in the volume element. and preferably is
then a diode junction provided between an electrode in an electrode crossing

25 and a cell defined thereby.

Finally, an embodiment of the means according to the invention wherein one
or more cells in the volume element comprises at least one transistor
structure at least one electrode in at least two electrode sets respectively
contacts the terminals of said at least one transistor structures, and if more
30 than one volume element comprises more than one transistor structure, then
preferably at least one electrode in at least two electrode sets respectively
connects the transistors electrically with each other via the terminals thereof.

The apparatus according to the present invention is characterized in that the
matrices are provided in a stacked arrangement, whereby the apparatus forms



25 and a cell defined thereby. Finally, an enbodi nent of the neans
according to the invention wherein one or nore cells in the volune el enent
conpri ses NOVEAEE one transistor structure at |east one ePEENOSHEOIR4 at

| east two el ectrode sets respectiveli contacts the termnals of said at

| east one transistor structures, and if nore 30 than one vol une el enent

conpri ses re than one transi,stor st y.at | east one
el ect r odé YHUBEUe3EHC P%O’g%}é%lﬁcg é rééée;é g&kjégtaest([:&?iggl @thgg%%g%:lt & t he

transi st ars epedtprocaising au giverdothothestionakity plecady mpral B thsereof . The
appar at us;agcording to the present invention is characterized in that the
matrices are provided in a stacked arrangenent, whereby the apparatus forns

O A TPl NEL 00888 At HEBH G RLIGEHAE O TneshAgkedh Bl ) ces

for data SrOrHGETERIE Brocessihg, “protess|ng. as given by the

f unctS onaht teyppofatisas proveided on ysuisEates¢IBRISING IS LEIGARTAEE0Us  enbodi ment
of tBe aRRAnAL S vﬁﬂf;&fedéle&r@@estd}ghi:_mry@rﬂl_tsif@mm@lem@ti@gmar\angjsoi%@oplrovi deg on
a substrate conprising integrated.cirguitr onnect e t e el ectrodes
of the nmedKsSTf rcquFﬁlt‘glﬂefﬂP? iy WE g e Etﬂi/eo}’o Rt Clgrrngggocﬁ(}rkl %ecti ng

functi onsmatiicebhe cells of the volune elenments of the matrices. Further

features and advantages of the invention are apparent fromthe 10 appended

dependentFghiirmsatufdteadda@nhtors siiahd imewibe adesspdrbedrom thor e detai |l with
a diﬁ);ussi on enbodi nents taken in conjunction with the

f. exenpl ary.
acco anﬁpﬁi’ﬁng‘ﬁﬁl QW‘W&SP?‘&%%i ch fig. |1 shows as nentioned above an exanpl e
of prior art matrix ressin 15 wi.th four termnal. line, fig. 2 as
nent i onedT%WénHO%ﬁﬁgf na‘r‘/tb%ig‘fsl%‘gSﬂéP NHF gigtadfw,gnths% GinassHTt ?% X schene,
figs. 3a,dkempahormbsdinenthagonal comuntioaddrhedsiacgompheymeaf or devi ces with

t hree ter@riagvaltl 9 SFNgLsting of two two-termnal sub-units, 20 fig. 4 an
addr essi ng mat

I'X according to the present invention, figs. 5a-5d variants
of a first epbodi ment of. addressing matrices accordi L,present

i nvent i on{lgf {ﬁél%(.’w%gs- g’reng}gp?(gﬁﬁ%veo?rggx%%g%nogspé%oa&{ grrlgﬁgx %&drte#eﬁbr esent

i nveht i onwith four terminal line,

fig. 2 as mentioned above a prior art orthogonal three-dimensional matrix

scheme,

figs. 3a,b a prior art orthogonal matrix addressing scheme for devices with

three terminals, consisting of two two-terminal sub-units,
20 fig. 4 an addressing matrix according to the present invention,

figs. 5a-5d variants of a first embodiment of addressing matrices according to

the present invention,
figs. 6a-6f variants of a second embodiment of the present invention,
figs. 7a-7e variants of a third embodiment of the present invention,

25 figs. 8a,b an example of a preferred embodiment of the present invention,
and

fig. 9 an example of an embodiment of the present invention where elements
at crossing points in a matrix exhibit rectifying diode behaviour.

Fig. 1 shows as already discussed in the introduction, a prior art addressing
30 scheme for 4 SRAM memory cells in a planar orthogonal matrix. Four lines



figs. 7a-7e variants of a third enbodi nent of the present invention, 25
figs. 8a,b an exanple of a preferred enbodi nent of the present invention,
and fig. 9Y¥AKUZMpl e of an enbodi nent of the present i nvenPFHANORNAGI4

el ements at crossing points in a matti x exhi bi t rectifying diode
behaviour. Fig. 1 shows as already discussed in the introduction, a prior

art addressin 30 schene for J l.an thogonal
Tt . ORIV HED VB DT ro s BN o ey & RURRBI AT B
representﬂngeupdatwwg<xmmmnuﬂgdéﬁa$¥badlng If bit and -bit are chosen, an

entire colum is addressed. Fig. 2 shows as al so already discussed in the
i nt roduct Fan,2 showsasalpr ilveadyr discwsed oythwaintrodneiéon. eshaaad prior art

MRt rix- adg{tﬁgédr{l\g tl?x%pqgﬁni'n'ahﬁﬁrfr%@ Al PREBLARReme 115%@6%’1&%15&1695 poi nt between

el ectrode ysical co-or tein ri.x _and can
acconhDdaEédacﬂﬁW@é4¥%?%@ﬂéFe%PF?U”?eéV@ﬁQﬁ?n%ﬁa@@%?&%‘x’Pﬁia?ﬁép to better

el uci dat efchaagBnaidtabacainodde andrqericnainll escoft eldreentprredemte. i nvent i on
there shall now be given a brief discussion of howa prior art

three-ter g paler @'@Bbﬁ@r &98§1‘a§$ ﬂh@%e‘ﬁfsratl\b@ckgibﬁh@@hd%)Ubl@[}ﬂééiof thepri nci pl e can
10 be addressed

e ct.rodes ars.an or t hogonal
reIatlonsﬁﬁﬁe@anW@“H%§F¥9? IBPWHﬁHQVFQPﬁﬁmgé?%%ﬁﬂPn(#gkfgggécget Ingthls
connectlonnnhmkaﬁnhQMEMvaemnpmsnagbftwomomﬁnahaﬂnmhssnd@quéeﬁ@nnoth|ng
mor e 4t hage %gﬁlleg?%oﬁa&ﬁ;r?f?%tg%f%araﬁﬂ:‘?g c'tl%rde@éItraﬁ) fnv@rtl'?@édﬂal( device with

addre55|ng ectrode crossings consequently
conpor t i niglathenship snrhe eieshdnmAt wued 1 ae adesmye §%ttr0ql%?ett 1 H'”? he di scussi on

of the pri@inctibniinis. hb&ew@fi ﬁm@uahmom ndté tleachiseleeienis nothiagtimredi nensi onal
array hasg}?\{\f%sslg}glﬁgrﬁﬂnél &arpémgé\ t passﬁle(}na& c}]er\/\{\@ ﬁﬁlrﬂcﬂl@éssh%pe the

el ement c vica an a55|ve“hatr|x
net wor k. £ pelisodefarad lsxcﬁ@rrée@foctdm@sﬂfdhgﬁamécmﬁ@mem C‘Pmpﬂitg’@t 3a, b,

wher gbn Ogéﬁ{e tg?gﬁ@ ﬁ%g@é ésog?edd%%%f ?oﬂtl@ﬂ?meedisé]uss%nad‘fdthé @ a@f pvi ded in

what may a stack wth many nore | ayers. The two elenents M, M
which in fmb”“@ﬁuﬁ?%nshomn sandmnched bet ween the overlap regions of the
el ectrodes, i.e. between electrodes 1 and 2, and between el ectrodes 2 and

3, can belbeachvelemanisepaivae-aipenyorloey ksdeorsubarniss caeh iMkifton of t he
crossing ¢ gctheadesteritdl Wepd, iheetehemiichalin pligod bé adatessed via aor adj acent

to the el %gthggggalcpragsﬁéle : trlx%e?wo&a%prlopgrt%% éjme ol??lgls Kind hseshown

20 in figs. 3a,b, wherein only three electrode layers labelled 1, 2 and 3 are
provided in what may be part of a stack with many more layers. The two
elements M1,M2 which in fig. 3a are shown sandwiched between the overlap
regions of the electrodes, i.e. between electrodes 1 and 2, and between
electrodes 2 and 3, can be activated separately by proper electrical

25 stimulation of the crossing electrodes. A true three-terminal element located
in or adjacent to the electrode-crossing region cannot be sandwiched in the
manner shown in fig. 3a, i.e. as two separate segments, and shall require at
least one separate direct connection to the third electrode. This orthogonal

passive matrix addressing has several drawbacks.

30 As can be seen from fig. 3b, the orthogonal electrode arrangement involves
long parallel coupling paths causing inductive and/or capacitive cross-talk
between electrodes in every second electrode layer in a stack as shown.
More importantly, in device structures based on global functional layers
between the electrode sets, there is a fundamental limitation due to the

35 massive overlap of electrodes 1 and 3 outside the crossing area containing



manner shown in fig. 3a, i.e. as two separate segnents, and shall require
at | east one segarate direct connection to the third electrode. This

ort hogonal WP matri x addressing has several drawbacksPCBOORYOHZH pe
seen fromfig. 3b, the orthogonal gctrode arrangenent involves |ong
paral l el coupling paths causing inductlve and/ or capacitive cross-talk

bet ween t r.odes | ever Lect k as shown.

Mor e |ﬂp§¢?§ﬁvfg HT?F egF%%lﬁﬁgﬁgﬁﬂq 2%(%% ndﬂ¥€{1g@(H¥%Egﬁlonal | ayers
bet ween mqamde@llalo@ethséaﬁrsat%@kr@ctl1%@%?@@6@%1@@%4 eXi$tEidERY$n due to the 35

massi ve Qy&hiRRs AfarRl BctisRdas thiardgth @Jﬂhéletl&tﬁdal%s (ffdi)1$$hd’lqoaflﬁg cont ai ni ng

WO 01/ 71722 PCT 1/0 evice nctional |aver
can cond®onGtA t{"%lag gihei IBﬁtrl’bgﬁﬁ%ﬁd? ils %Hsa]f “%{H%n’l eéicg‘%lslgga di rect |eakage
currént patpbriaxi spdidaebwesnch & mcmomyiésvmeamdtksonfabm@ht Renfail| | engt h of
the el ealﬁfeqxﬁetfw';e%w 4188 & e(s’ Sérﬂg2) 2 Bhe L@riM& RE9e, &fsv@'lhﬁuH%M}'e&( This is
a serious ,  exc ing 5 inportant applications such as nenory
devi ces \Kbﬁwe@ﬁeel%‘ttquffﬁlzea%%ry | ayer (between el ectrodes 1 and 2) and
one current control, or switching |ayer (between e|lectrodes 2 and 3).

Fur t her ndtwethchmoes therais apipddly inpepsiagimgblsrol ermveting ip RN supporti ng

el ec”ome@écr%?ﬁ'cscmg&ﬁde@ﬂén@ﬁt ﬁqla%dgeggst}féfaddﬂ@sswgifr@&sx agtﬁmtrl x as the 10
nunber of termnals at ress \%lnflg 3b,

Ee t ag incr egsels] ?
t hi dVcan BERE R WHER"E Slaé\ﬁaﬁlﬁg T AP A PR G v 8 %ngdfl oni'cs for the
el ect r odehBeatas te smae8hatalepposd be phdces thef diiheeleatronixs fThithe st r at egy

provi des é@&}cydtease@i( famf@ zf{f %8%’1"&3 SRRabLALR! ¥ gfpi)% Vlerﬂs @!r@&%&?ﬁ@vﬁ@i S,

correspon ack instea ree({%é/ one shown
infig. wlvmmm%ﬁééoweaw@y drpigeedgetragieselkss CWYFPP%P Yef nunber of

| ayers mub@aﬁegtarcabhﬁewof ﬂ’eentshrd:ansatyaﬂ@ﬁé shdwn ﬁfﬁ‘flgaBSOAbmdiﬁﬁmedlbl e that
al | the el.ectronics s oca o0 & sonmon e.g. a

si |ilcon RPSF: ToHFET Wﬁilzjlfe‘év tﬁl‘?altarg%rqlho drval At s "the type
shown i n thay iBnans It ortyadlee hg desirable ttlltﬁéﬁil}ftdjarel@ltml¢soﬂ@ull<b9@rs shal | need

hi gh- de“%&é/teéloﬁ%&&%oﬁ%%@&&ﬂeoeg gguﬁe&qemﬂeﬁgrm%ph@m% di stances to
ot her, unused p [ of th strate lgbéﬁ(?r‘?a sir.able in nost cases.

Al t er nat i FEIQONa Mgiting S@FE%:P t¥Be ﬁ%‘ﬁl\‘ﬂl s |Cﬁ’é‘tat18m(¥| PPET ent
el ect r odahagtsuraistirdd: kiyacksdllaret dpgloftieerdghelottiede confticsionpnports a host

of %deSIé’X%Q‘l(ﬁ{l%%@E?foﬁl%B{ isBinck e DERY Jrﬂgse@hgﬁg ofY @%&iraté%ﬂﬁ?ndua or

t echnol ogi'es ransi stors, i cations
1s undesirable in most cases. Alternatlvely, driving electromcs modules

belonging to different electrode sets must be stacked on top of each other.
This comports a host of undesirable features, e.g. the need for other types of
semiconductor technologies (thin-film transistors, etc.) and complications

[\
N

related to crosstalk, thermal management and processing incompatibilities
related to stacked active circuitry.

Fig. 4 illustrates the basic principle of the means, i.e. an addressing matrix
according to the present invention. The matrix accommodates three-terminal
devices or cells in a planar arrangement. Electrode means comprising three
30 planar sets of electrode lines a;, bj and ¢ is shown projected onto a common
plane. In each set. the electrode lines are parallel to each other. Each
electrode set is rotated a certain angle relative to the two other sets, and
electrodes from one set cross the other two electrode sets at common crossing
points where the devices to be addressed are located. While shown in a single
35 plane, electrode sets that are rotated with respect to each other are physically
separated at the crossing points and typically lie in separate planes. The latter



25 related to crosstal k, thermal managenent and processing
inconpatibilities rel ated to stacked active circuitry. Fig. illustrates
the basic pPY?MilM% of the neans, an addressing matri xPCE(EIQB’r/Bqlﬁ‘b to
the present invention. The matrix acﬁ%mmdat es three-termnal devices or
cells in a planar arrangenent. Electrode means conprising three 30 planar

sets of an%é hﬁ%%e% 'H%elﬁ cq?sec}tprr X eg\ GK ehdh 5@1@%695@@&5?@ Riffethed COMMON

pl ane. set fines are rog e('ach ot her. Each
el ectr od@@é@bq@hkfb&lh@ é‘éh eh baPtsaing Vohyhe ellf’é’ll‘%ftt d ?B‘atnﬂé BlcSISPHer  set s,
and el ethfagiag fnrl(hfi@ engnpsiet derossot hecabherelemenel lecttcodetizet s at  conmon

crossin t he devic VWi | h

ina si ggcl S% B?lé‘ﬁs In tgﬁéﬂ?tflgcfe@nseetécceg da@ﬂuef ﬁ%gdﬁdéﬁﬁ%gg ectI tg Zag\kllm
ot hers ar eephiysi c@rhﬂeyttloseifaidatEtd) the adge od rthe siatigx pdiche @%ﬁécrtrﬁﬁscal ly liein
separ at e pl,apegnk g dr%hgﬁn&\@e@slﬁg 1%23itRCT/ NC01/ 00124 10 may. hovever, be

in close proximty to each other, Separated by a patterned or gl obal thi n

film whi oy, f 0 rﬁ@us&éggct}/éﬂeusr@s ?Aneg@%taf%fd JuRf TS ro'ff&r (ark‘ﬂlhltﬁ&?l‘ﬁ’ﬁl infig. 4).

In this exanple vices or’ Funciional elements t .the crossing
poi nt's i rArtANEemEnt Mthcrmovelapceedisiod aggrasm™Nt %E%NWJ't Fﬁ&égeérhfé?f?e%‘ t er m nal
connect i gPsghiRAdipMhes Qot e epdaescdd) dihen By%oxmwomra Neiseheatimbdes can be

linked to drivin sensin Ltr r ode sets can be
r ot % ﬁrrﬁ@a?so %f@earn Iéms%ﬁi%stsc[ﬁ%%f)ye%ﬂﬁ \{\zrr‘léﬁ e‘{ &{Fé) overlap even
for a Iarrgpegmbow epctmidetsetshe ndoghalsy bé@r\lmr@apmtlghbﬁwhlpﬁsa\ﬁéb (or layers or

sets) gi ngéwﬁéqg&@yd where N is the nunber 10 of term nals and man
i nt eger an or equal to N. As now no two nei ghbour el ectrode sets

conf ormal | y 11%V8{ta1?rpast}3§9tp@fct'h¥e gX?seﬁ?HRle'nﬂ%ﬁ \Wnlch se sa}f gﬁlry ﬁtb?n ?Y@Y dad. An

i mportant aspec I nvention whjc fromprior
art can @ beewenelesahy lyy Bigwinawiang 11n|<-‘g>nmthnc\6ﬁil é}r&:t i éﬁ Wit h fig. 3. As

was k5 di geussed apby ehe f)hSr @ﬂtla@fangéﬁleﬁf frﬁﬂgeﬁEﬁﬁndtmefusgd vaticannot be used

with devices nmad t,i onal ersth in the
directio evb‘é‘?sﬁﬁﬁcgq %’Hﬁ’a%lg}i’ag PH%U? é?%ersghaé B(hEWht mgé é?\rglglt\l;(gﬁ overlap of
el ect r odgsrpendibelar seths layemddd: toNl}@(ﬁxtttmva)vwlaa?pOﬁmlthCMeméh@ess| ve

: Ed]lcjlcél VE&ed h%ﬁ@%c'&lé(yefhe %(/%51%3 el ca|u§'e EJE'&SEHQ@ 19&&&%%3& gaRRel | | ustrated

%/ over | E{ bet weer J; e el ec r odes
conmuni ca‘tfpﬁfgakh {nthe genyer a@w%a?%ﬂ strajqel h%OB iR early, while
showy hergdrip Whiaetdn aaethagd @llg@ﬂ@&kta)m\mhhlcatmg w1th a given device is at

the crossing point. Clearly, while shown here for electrode arrangements with

N = 3. the same also applies to non-orthogonal matrices with N > 3.

Comparing now the true three-dimensional prior art matrix shown in fig. 2
and the addressing matrix according to the present invention as shown in fig.

25 4, there should be noted that in the latter case an element can be wholly
defined by selecting only two non-parallel lines. Thus. exclusive addressing
to the element in the crossing between a;, b; and cy is obtained from both (a;,
b)) . (a;, ci) and (b;, ci) pairs as well as the triple (a;, bj, ¢y).

Every element in the matrix as described above is related to three lines that
30 can be electrically activated independently from each other, either in pairs or
triples. Note. however, that valid i,j.k combinations are subject to the

following selection rule:

i+j+k=2n+ 1, wheren=inx = jmax = Kmax-



N = 3. the sane also applies to non-orthogonal matrices with N > 3.

Conparing piiAAgat rue three-dinensional prior art matriX spe¥Robfedizd: 2
and the addressing matrix according tpj the present invention as shown in

fig. 25 4, there should be noted that in the |latter case an el enment can be
whol |y def i ned by selecting only two non-parallel lines. Thus, exclusive
addr essi ngrhit eclebgoeheigmit ohty dpydiesriossicngobetmesgeragntsprramg ck is

?Pf g: ge?a]j for?agrgll’&i {a%%kes ats))shf)wgl‘%n ’fl%cg %ﬂgal(squr Jt%@eng lfvsfo"i‘%lé’@}ddeéls t he

i X as descri above is

related t chtlhrr@etrlalngéhﬁftch%ﬁsmgpﬁtt%ﬁs BdicEs @@ttfllaééieﬁyn@’c}?‘? 95?&8tr?ﬁdependent |y

f rom each @hpebut &ithn@mhbn RAISsEgOpointsr i pl es. Note, however, that valid
i,j.k conbinations are subject to the follow ng sel ection rule: i+ j + k=

2n + L, wheg \férfaﬁpsxo‘f m%(STK:%d%e&léﬁﬁﬁgss?@rm&soﬂigﬂdm loTHiH S

sel ection rul e not onl § adé i es ﬁ_r el ectrod arrange %

equi | at er dnVeRighgiedd s ?‘egvardamﬁﬁ %F%@Wﬁé Yen 8?‘8}% for

el eCtrOdeSdevﬁc:Hsmrngll"snmarjgmieararmmgsmeng patterns where the triangles may be
of arbitrary shape but with comon crossing points. 5 Now variants of a

first ean%m aiff 5RdE 0SS da@emrr bEess pEAOIHE notheaasbeviti Nvedt i on shoul d

be di scus ese variants_al ate four es or
cells in asﬁbq %CHEFS%’?% JHdente Slgfrbesmq%rgmﬁﬁgf:%%m Weﬁ%ér?ngg{:%%%?}éﬁﬁof this
pri ncilpl e drearteleecaselini 6 b iNmordcompPhet theal tles Si hig. dat rixcdnsbe Retedane in

both cases;, a@d?}ﬂc‘iﬁﬁ) ﬁl)étf%ﬁp%rrrﬁﬁﬂr@r@gﬁ@@ poikfs Bl 8AGSNEBAL drBssfih@ Sb is nore
conpact t ha

canq_gnoed i d|t ‘f‘%ﬁé\

f our - t er mi BfAIVERR 6%§|1W§S BBi‘ntoéleleFélrfE g anggsdp caf Q eﬁg et wo 1ines
only, ori ed}besdn@é sHaJl]glhltprarﬁtgbBSrepteSeﬁtc&llcmts hénrddiheing dﬂmaitvl ufmxaly Crossi ngs
shall in p

four-ternmi I:?IgF?% %ng;agcpc{ég%fgﬁtde@weg%§ él%tflc%dc(iiuﬁqéx%'a?g tcﬁjgg%&%p%faftecpﬁhbf

Vi ces or e | ncor por at ed
into 15 t hdemaatrixx Homswendn ceitaircimstagicns iimedabe eesirablenty insdudrebothabl e to

i ncl ude bofhh- 1o uARnfi QM ddveEd¥ iRA (1éeMheSalrBE, andrbgsifaNee datice X,
increasing the device density. In the variants shown in fig. 5a and 5b the

addr essi ngder?éi Yix is rendered as a square with 8 x 8 = 64 el enents or

devi ces. However, with the nunber of 20 addressing lines restrjcted to 8
for each ot PReasiaBts shone weig 2 angl Sch%a‘f‘{F%m%H’é‘érﬁxé? rq‘néiﬁFedlt%Sr% nal
devi ces Wi dduabewi@®ss x 8han4 Gdeménty @k idaniceceniode v@ntvith the number of

20 addressing lines restricted to 8 for each of the electrode sets a, b, ¢, d the
number of four-terminal devices will be less than 64. A variant embodiment
which allows 64 four-terminal elements in square 8 x 8 matrix is shown in
fig. 5¢. The electrode sets b, d each comprises 8 lines respectively parallel to
the rows and columns of the matrix and are thus able to access all 64

25 elements in the matrix. The electrode sets a, ¢ which are rotated by 45
degrees with respect to sets b, d, however, must each comprise 15 lines in
order to access all 64 elements. Generally one has for a matrix p;q that the
number of lines parallel with the diagonal of the matrix is given by p + q — 1,
orforp=q;2p— 1. An 8 x 8 matrix thus must have 15 lines in diagonal

30 electrode sets. The same principle is also shown applied to a 5 x 3 matrix in
fig. 5d, where the electrode sets a, ¢ each must comprise 5 + 3 — 1 = 7 lines
in order to create a 15-element rectangular matrix with a complete
four-terminal access to all elements.

By simple extension of the basic principle of rotating sets of parallel

35 addressing electrodes, addressing matrices can be created with N > 4.



which allows 64 four-termnal elements in square 8 x 8 matrix is shown in
fig. 5¢c. The electrode sets b, d each conprises 8 |ines respectivel
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m crol aser "array ectl on/transm ssi on nodul ati ng
(e. gl LCDe WEW 10 bllnslbfherﬁ?ﬁ@? pteéénwnf’ﬁmgmm DRAM and FRAM
architectures are clearly i ncI uded (cf. the 4-term nal SRAM ceI | in fig.
1). As obigsobes6f anpdrsior! disildsedariantsd earhodimgatstigyalvirgNge 3of
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illTustratin Pbi It resent ntion: 6a- 6f
t hr ee-t erkii has- 7aeld. éé’@ Q@ymore two termmal devices or cells are clustered at a

crossing point (matrix address), with different connections to three crossing
electrodes at this point.

In the first case, as shown in figs. 6a-6f, a single, three-terminal device or

25 cell. here termed A, is connected to the three crossing electrode lines. Fig. 6a
is a perspective drawing where A is hooked up to three electrode lines at a
crossing point between the latter, while fig. 6b is the corresponding
schematic illustration. A may be a transistor as shown in fig. 6¢c, typically
connected to other components to perform a variety of different tasks. One

30 example is a light-emitting pixel in a display, as shown in Fig. 6d, where the
light emitter B is driven by the transistor A, under the control of the gate line
b;. Another example is given in fig. 6e, where a chemical or physical sensing
component C is incorporated into the gate connection. With the other
crossing points in the matrix similarly equipped, there results a

35 two-dimensional sensing or imaging apparatus. By incorporating all of the
components A, B and C as shown in fig. 6f, a two-dimensional display is



20 cells are hooked up to the three lines at the crossing point (matrix
address). In figs. 7a-7e, two or nore two-term nal devices or cells are
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figs. 6a-6f, a single, three-term nal device or 25 cell. here ternmed A is
connected to t t hr Ssk.n t I bfre dsit tBe per spective
dr awi ng méqaéeJ;Whgr% ksé?a’P lpclhtsglbt%h%gle(ﬁcel?%é elrn({)lgsslo Cnesslg(%’ﬂ a 0ssi ng poi nt

bet ween t kpatidtdigribunknlod the gre@izhiod th%@%ﬁﬂ@%’é%m RPN At i ¢
illustration. A may be a transistor as shown in fig. 6¢, typically
connect ed Ith@Eélfbthﬁﬁ@meﬁhstrmtedpnetflfg@rVm -deyvep I@tlye@)FW@htFlff@rnéht tasks. One

30 exanpl e ls a | J td Hrcdicank ayaivas nsigwadireski 9. 6d,
where the® mp&%ntsq}r d;e%m B ?Pﬁgﬁre‘ ee et r ar}ﬁil; r, A _under the control
[ P

of the gatie. IeleﬁerodbjcrOSAﬁtﬁiP@F“ @(ﬁ%?@ 1P§ YIMpER™ ¢ 6&"PUhere a cheni cal
or Ehyﬁ ! C%aﬁ@é‘%bt“@ate@ﬂmeﬁ@ént@ bBedchah@oi at g sama)cmh%lnga?p@tdénnectl on.
Wth the o SSi oints t an. ui t here
results a @gr‘?% g ﬁg?tg imysgtl{s}}er&qrsn@fltglkélrﬁdéy(h 'B)gorﬁ(g CEP&?(r?cor porating
all of they)cdnpenensmchve Brfammgcn s2-shovidt the SFF@maB? Pr%sef‘% O8i'Hensi onal

di splay i st%\q 01/ 71722 PCT/ NOO1/ 00124 13 created where the spati al

di stributi'on of Iight em ssion corresponds to the spatial distribution of

;[ Ihleu:ftolr’ Stn 4 gﬁ%}%\gs IaggH%m&ttlé %JIJ tlﬂ§ e ?e Sf)f()p@’f\@mte&unal @orhb@néiﬁfz@fld case, as

V\% erm nal qOC{TE nt s or devices
A.. B and devam AormkBt sdiclt arg t@tb,é@paﬁg% 7 the sappegaatirixg Lectr ode
crossing % omtme{w@é"ﬂ tHr8e tlRetroatd, iix thihewse)t heccmsrqibtmntﬁ thivay be

activat ed f. h_oth t
addlr\éssed lb‘ﬁ}‘ a a\%i‘f %‘P%usgdi)ep%]gmf/%glagg?(r\g gﬁ‘M Wn%a@'gceck §§M‘§l§0w (|a:5, ck)
or (b;, cClhes)cér REﬁéRmBhEcmWrmSaw shpWmirs fig. 7davigrg A pad &Hémat i ¢
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b
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de and a nmenor
respect i vebye cldes ef WOBMIimpdieorzes, fves ﬂéﬂ]pﬁdéééheoW%‘Pgﬁ’é’iﬁé?élotni c current

| 00ps,§ " SNgRk oY ifs§BLiStahcd frot moderate or low to high or infinite. While this is

possible in principle in a two-dimensional passive matrix scheme, i.e. as in
fig. 7d without the middle electrode by. it implies that a high current must
pass through the diode during the writing operation. This puts restrictions on
the diode construction and performance which generally lowers the overall

25 performance of the memory. The third electrode b; as shown in fig. 7d
provides direct access to the isolated memory cell during writing and can
effectively be disconnected during reading, thus providing opportunities for
optimizing A and B separately. There are important cases, where the third
electrode connection accessing the memory cell B as in fig. 7d is critical: In

30 certain types of REWRITABLE memories, the write/read/erase protocols
involve the application of voltages across the memory cell that have different
polarities and may vary widely in magnitude. This can be achieved with
passive matrix addressing by the scheme in fig. 7d, but is clearly impossible

with the terminal b; removed.
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single ce
J formed in the Volgr%?eli]gnents defined in the crossing points by the
20 overlapping ribbon-like electrodes. In many preferred embodiments, the

materials in the layers are non-crystalline materials that can be deposited by
one of several possible methods, e.g. spin coating, sputtering, doctor blading,

etc. The manufacturing sequence is as follows:

The first electrode layer is placed on the substrate:

Material M1 is deposited on top of the first electrode.

The second electrode layer is placed on top of material M1.
Material M2 is deposited on top of the second electrode layer.
The third electrode layer is then placed on top of Material M2.

25

B W

The material layers must not exhibit too large electrical conductance in the
30 lateral direction (i.e. perpendicular to the film thickness), to avoid excessive
crosstalk between electrodes in the matrix. In applications where a certain
finite conductance is inherent in the layer materials, crosstalk is minimized
by employing layers that are sufficiently thin, or which have been patterned
with voids between the electrode lines. Alternatively, the layers may be



el ectrodes a, b,c, and functional material M, M2 interspersed between two
and two electrodes, a,b and b,c respectively, while the resulting matrix is
shown in ™ 8874 herein the cells with functional material REWNORBL024
formed in the volume el enents definéd in the crossing points by the 20
over |l apping ribbon-1ike electrodes. In many preferred enbodi nents, the
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remedi al tiianger whtrée whato 1§ OHE SERITRGATHITs bel onging to the

applicant. These sneak currents are spurious current ﬁgth Wi thin the
net wor k afheastdrsaas smgctued gcfipgodkets, usehvionvareqy e a4F P HEEVEER el ectrodes at
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sup ed usi g ‘a non-

Pess Dy I near. 10. i.nmpedance, el enen g rectifying
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20 M2 between the crossing electrodes b; and cy. Similar structures can be used
to build displays, in which case material M1 and material M2 either emit
light upon electrical stimulation (e.g. light emitting conjugated polymers) or
modify light by absorption, retlection or polarization (e.g. liquid crystals).
Clearly, in the case of display with the volume elements or elements, that is a

25 functional medium wholly sandwiched between the electrodes at least the
electrodes or electrodes in a set on one side of the volume element of
elements must be transparent, with the possible exception of one electrode at

the outer end of the sandwich.

It is to be understood that material M1 and material M2 in fig. 8a which
30 together constitute the volume element contacted by electrodes a, b and ¢
could be formed as global layers extending throughout the matrix and the
region wherein a selective interaction within a volume element takes place
will of course be located between the electrodes at crossing thereof, thus
defining a cell in said volume element. Patterned volume elements of the
35 kind shown in fig. 8a would, however, be advantageous for realizing more



15 typified in fig. 7c (which includes the exanples shown in figs. 7d, 7e).
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display devices as mentioned.

In case devices with similar architectures as those disclosed in the

25 above-mentioned PCT applications belonging to the present applicant shall
be employed as data processing and data storage devices only, these devices
of course, as disclosed therein, could be stacked to form a volumetric device.
Two-dimensional matrices comprising the functional medium forming a
global volume element in the matrix or patterned to form separate volume

30 elements in each two-dimensional matrix can then be stacked to form the
three-dimensional apparatus according to the present invention with the
appropriate number of electrode sets, i.¢. three or more assigned to each
two-dimensional matrix in the three-dimensional stack thereof. In case an
apparatus of this kind is a data storage device, the functional medium in the

35 volume elements may be a suitable inorganic or organic thin-film material
with electronic or electric properties that provides a volume element with



material (the transistor channel) would extend between el ectrodes a and c.

Hence meansyggeR{-hng to the invention could be used for re rices
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provided as a device with three or more terminals embodying the principles

of the present invention.
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matrix, said layers of electrode sets being substantially mutually parallel,
that a set of strip-like electrodes in one layer is oriented at an angle to the
projected angle of orientation of the electrode sets of the proximal
25 neighbouring layers on said one layer, such that said sets of strip-like
electrodes in proximal neighbouring layers exhibit a mutual non-orthogonal
relationship, and that said electrodes contacting a said region of a volume
element are formed by a crossing of three or more of said strip-like
electrodes in said respective electrode sets contacting said volume element,
30 such that said cell or cells of said volume element in any case is located
therein between or at said crossing of said three or more strip-like electrodes.
a selective addressing of a cell taking place by applying a current or voltage
to a selected strip-like electrode in each of the electrode sets either
simultaneously or in a temporal sequence defined by a predetermined
35 addressing protocol.
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20 6. A means according to claim 1,
characterized in comprising three electrode sets for providing an electrical
connection to cells with up to three terminals.

7. A means according to claim 1,
characterized in comprising four electrode sets for providing an electrical
25 connection to cells with up to four terminals.

8. A means according to claim 1,
characterized in comprising three electrode set for providing an electrical
connection to at least two cells with up to two terminals each.

9. A means according to claim 1,

30 characterized in the number of strip-like electrodes provided in a respective
electrode set being selected with regard to the number and geometrical
arrangements of the cells in the matrix, so as to maximize the number of
addressable cells therein.
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volume element comprises at least one transistor structure,
characterized by at least one electrode in at least two electrode sets
respectively contacting the terminals of said at least one transistor structure.

14. A means according to claim 13, wherein more than one volume

20 element comprises more than one transistor structure,
characterized by at least one electrode in at least two electrode sets
respectively connecting the transistors electrically with each other via the
terminals thereof.

15.  An apparatus comprising means according to claim 1, wherein said
25 means together with one or more volume elements form a part of a two- or
three-dimensional matrix in said apparatus, wherein a volume element
comprises one or more cells having a data storage, data-processing or
signal-processing functionality depending on the electronic or electric
properties of a material of said volume element, and wherein the apparatus
30 comprises more than one matrix of this kind.
characterized in that the matrices are provided in a stacked arrangement,
whereby the apparatus forms a volumetric structure of stacked matrices for
data storage, data processing or a signal processing as given by the
functionality of each matrix in the stack.
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bei ng provided on a substrate conprising integrated circuitry connected
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