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PeTl NCD% 004gpeeds (e.g. the development from Pentium II onwards) has been enabled by
integrating increasingly more memory capacity inside the CPU
(SRAM/EEPROM), however, the overall speed is still seriously hampered by
the fact that most software and data still uses the hard disk as primary storage
medium. Although the transfer rate of hard disks has improved in recent

25 years, as have the capacity of buses, the maximum speed potential is still
controlled by the very slow access speed of the hard disks, a speed which
barely has improved the last 10-15 years, and which will not improve
substantially either as long as this primary storage medium remains a

mechanically operated device.

30 If the bulk of data now using the hard disk could utilize memory capacity
inside the CPU itself, not just would the speed gains become extreme, even
more important could be the fact that entirely novel types of processing and
computing devices could be envisaged, opening up for new approaches to
(parallized) software, much more adapted to solving complex problems (e.g.



2 non-i ndexed searches, continuous speech recognition, artificial
intelligence, etc.). The increasing inconpatibility between storage

devi ces awo opsmsessi ng units deriving fromthe physical eghino®herebet ween
not only leads to severe 5 capacity problens, but is also causing | atency
and inefficient exploitation of high-speegl processing circuitry. Hence, a
maj or object of the present invention is to obviate or elimnate the above
probl enms by introducing a novel architecture allowi ng the integration of
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applied to inorganic as well as organic electronics or hybrids thereof, and
whi ch nor eovétC)-s not I|mted to planar devices, but equally well
applicable to volunetric devices. The above obj ect as well as further
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source and drain, electrode |ayer, said third electrode |ayer conprising a
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el ectrode an@xi&fiiffeheRHeWO3LA8 Wih REMHNDR{QRXIZ6ting layer, that the

transistor channel is provided in the semiconducting layer beneath the recess
between the source and drain electrodes, that the source and drain regions of

20 the transistor structures are provided beneath the source and drain electrodes
at either side of the transistor channel, that the memory material is provided
filling the recess between the source and drain electrodes and covering the
top surfaces thereof, that a gate electrode is provided contacting the memory
material whereby the transistor channel is defined with a length L

25 corresponding to the width of the recess and a width W corresponding to the
width of the gate electrode, L being a fraction of W, and that three memory
cells are defined in the memory material respectively between the source
electrode and the gate electrode, between the drain electrode and the gate
electrode and in the recess between the source and drain electrodes.

30 In an advantageous embodiment of the matrix-addressable array according to
the present invention the transistor/memory structure comprises a third
electrode layer of semiconducting material opposite the source and drain
electrode layer, said third electrode layer comprising a second gate electrode
extending in the same direction as the first gate electrode and registering



3 therewith, whereby the transistor/menory structure is realized as a dual
gate field-effect transistor. According to the invention the first nenory
cel | contwotes/osdse4 source and the gate el ectrodes, the seeamdNomnoryg cel l
contacts the drain and the gate 5 el ectrodes, and the third nenory cell
contacts the source and the drain electroyes. In the latter case the
menory material in the third nmenory cell preferable has a thickness
different fromthat of the first and second nenory cells, and in that case

the menory ngdeividh, Rriedrebghhy tiahsitdgnepedgcitudune is wiatictdes odgargate

material, preferahly a polynmer or copolyner. 10 In the matrix-addressable
array accord?lﬁgé'teg%etcﬁérqnﬁiéﬂlf-i on the seniconducting materi al
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gate el ectrode e latter, thus’realizing a dual .transistor/nmenory
structure weleptesd pigAngamateard. grﬁe%@yp@@m%,ormqlw&ﬁ% he dual

transi stor/menmory structure preferably realizes a common gate
conpl entit ar ¥n fthe hehteilxf eddressatdasirstyoaccor ding toathicamyvenfionihe second
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transi stor/ menory structures, and that a two-di nensional array is isolated

and  hon-t he 8 ARy nah SRy o bE cori SRR ek e
fol I owi ng, 3Bc¥bAding tbanerinvénticrs uh aididigometteansastor mémypey isoprovodelliot i ng or
sem conduct| r1]*g>’gist1‘ation with the first single transistor/memory structure opposite the gate
electrode thereof and inverted in relation to the first single transistor memory
20 structure, said additional transistor/memory structure sharing the same gate
electrode with the latter, thus realizing a dual transistor/memory structure
with common gate and six memory cells, and then the dual transistor/memory
structure preferably realizes a common gate complementary field-effect
transistor. In a variant of this second embodiment the dual transistor memory
25 structure advantageously is provided with at least one additional gate
electrode, said at least one additional gate electrode being provided on one of
the layers of seimiconducting material opposite the source/drain electrode

layer.

In a third advantageous embodiment of the matrix-addressable area according
30 to the invention, the matrix-addressable array is realized as a

three-dimensional array by stacking two or more two-dimensional arrays of

transistor/memory structures, and that a two-dimensional array is isolated

from an adjacent neighbouring two-dimensional array by a separation layer,

and then the separation layer preferably is selected as one of the following,
35 viz. a layer of insulating material, a layer of conducting or semiconducting



WO 03/ 050814 PCT/ NC02/ 00426 4 material coated to forman insulating
barrier, or a layer of conducting or sem conducting materi al

surface- owodBossi14 o formthe insulating barrier. The invearinovzenebl now
be explained in nore detail with reference to its prerequisite h

t echnol ogi cal background as well as a disqussion of preferred 5 enbodi nents
thereof and with reference to the acconpanying drawing figures, in which
fig. 1 a shows a cross section of a prior art array of field-effect

transistor ghtaigdlcRaedbefein anhieiselginly baleferaoea payeti abcbn duotiergser
arrangenent,
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of the enbodﬁggpgs of vihi@n 3a, fig. 3c a second enbodi nent of a dual
transi stor/nemory structure according to the invention, 20 fig. 3d a third

enbodi nent of. a.dual transistor. .nme structure ki
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the concept ﬂ%. "}bdaeﬁlsa% leGebT AfCarray 1RARGENMRNt which has been disclosed in a
co- pendi ng i nternati onal patent application’ No. PCT/NO02/ 00414 bel onging to

t he sang, appl.icant. A dense el.ect.rode arran nt. as, describ herein
corr eepihde. 18- eRe wiost roen Of raingliniant & IO MR R ABEESTL SRS IEA
|l a and pl an pievded ifiithe pkésent inBshtomsu t he arrangement of the el ectrodes
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constraints 1mposed conventional patterning technol ogy,
fig. 2¢ a perspective view of the geometrical layout of memory material in
the transistor/memory structure in fig. 2a,

15 fig. 3a a first preferred embodiment of a dual transistor/memory structure
according to the invention,

fig. 3b a variant of the embodiment of fig. 3a,

fig. 3¢ a second embodiment of a dual transistor/memory structure according
to the invention,

20 fig. 3d a third embodiment of a dual transistor memory structure according to
the invention, and

fig. 4 a three-dimensional matrix-addressable array according to the
invention.

The general background of the present invention shall now be briefly

25 discussed. At its very foundation lays the concept of a dense electrode
arrangement which has been disclosed in a co-pending international patent
application No. PCT/NO02/00414 belonging to the same applicant. A dense
electrode arrangement as described therein corresponds to the electrode
arrangements shown in cross section in fig. l1a and plan view in fig. 1b, in

30 casu the arrangement of the electrodes in the electrode layers E1 and E2 as
indicated in fig. 1a. Instead of being restricted by a pitch deriving from



e.g. photom crolithography, separate patterning and nol di ng processes are
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hltherto undreamt of. Hence fig. 1a can be taken to render a cross section of
transistor structures arranged in a matrix, as readily can be seen from the plan
view in fig. 1b. In fig. la a source electrode 2 is formed in the first electrode

25 layer E1 running parallel to drain electrode 6 of about similar dimensions.
Source and drain electrodes 2;6 are provided on a semiconducting substrate 1
e.g. of silicon which by means of method and processes described in the
above-mentioned international patent application has been doped to form
source regions 9 and drain regions 5 in the silicon substrate, which

30 additionally has been doped beneath the recesses 3 formed between the
source and drain electrodes 2;6 to form a transistor channel 8 of ultrashort
length L. The source and drain electrodes are as before isolated by barrier
material 4 filling the recesses 3 therebetween and covering the top surfaces
thereof, thus providing an insulating layer 4. The crosswise oriented gate

35 electrodes 10 of the field-effect transistor structures are provided as seen to
advantage in the plan view in fig. 1b. The channel length L of the transistor
channel 8 can be made almost arbitrarily small, conforming to the thickness



WO 03/ 050814 PCT/ NO02/ 00426 6 of a |ayer 4 which by methods well-known to
persons skilled in the art can be deposited with thickness down to al nbst
nonoat om woasoss1On t he ot her hand the channel w dth W wplClr/No®2giszen by
the width of the gate electrodes 10 and hence the ratio WL can be nade
very large, thus giving a very high drain & current ID as desirable.
Present -day technol ogy for patterning in the region well beyond the 0,1 m
range will hence allow transistor matrices as shown in e.g. fig. Ib and
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is provi as . sho n fig..2a, fillin e _rec - yee
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transi stor/megory, structure Tl is,thus.noy . 0 i | .qenory
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of a thin layer 11 of a polarizable dielectric material capable of exhibiting
hysteresis, particularly a ferroelectric or electret material. Preferably can then
the ferroelectric memory material as known to persons skilled in the art be a
ferroelectric polymer or copolymer and then in the latter case most preferably
a polyvinylidene fluoride/tri-fluoroethylene copolymer (PVDF-TrFE) which
25 can be deposited in extremely thin layers, e.g. down to a nanometer scale,
and which of course, being a ferroelectric material, also can provide the
necessary insulating properties. The memory material 11 is provided as
shown in fig. 2a, filling the recess 3 between the source and drain electrodes
2;6 and covering the top surfaces thereof, providing insulation or a barrier
30 against the gate electrode 10. The transistor/memory structure Ty is thus now
also combined with the memory material 11 to form three separate memory
cells which better can be seen in fig. 2¢, which in perspective shows a layer
of memory material 11 with all other features removed. This memory
material 11 now has three distinct portions, viz. first portion 11a forming a
35 first memory cell which can be addressed via the gate electrode 10 and the
source electrode 2, a second portion 11b forming a second memory which
can be addressed via the gate electrode 10 and the drain electrode 6, and a
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menory cell in the recess 3 between the spurce and drain el ectrodes 2;6
and addressabl e thereby. These three memory cells 1la, 11b, 1llc can be
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cel I's 120a andigit. The same consideration applies to the memory cell 11b in the portion
of the memory material 11 between the drain electrode 6 and the gate
electrode 10. In addition a third memory cell 11c is provided by the memory
material 11 in the recess 3 between the source electrode 2 and the drain
electrode 6 and will be similarly switched by applying voltage between these,
25 setting up an electric field across the memory cell 11c therebetween. In a
typical preferred ferroelectric material such as polyvinylidene
trifluoride-trifluoroethylene (PVDF-TrFE), a certain field strength will be
necessary in order to polarize the material and switch between the two
polarization states representing either a binary 0 or binary 1. The field
30 strength required is in other words related to the thickness of the thin-film
memory material 11, and the thickness thereof in the memory cells 11a and
11b can be different from that in the memory cell 11c. For practical purposes
the memory cell 11a can now be denoted source/gate memory cell (S/G
memory cell) and similarly memory cell 11b the drain/gate memory cell (D/G
35 memory cell), while then of course memory cell 11c can be denoted the
source/drain memory cell (S/D memory cell). As the S/G and D/G memory
cell material 11 have the same thickness, these two cells will be switched by



| I'b can be different fromthat in the nmenory cell | |lc. For practical
purposes the nenory cell 1la can now be denoted source/gate nenory cell
(S/IG nmemwoy3osdsi) and simlarly nmenory cell 11b the drai mcgatammesmry cel l
(DFG 35 nenory cell), while then of course nenory cell 11 ¢ can be denoted
the source/drain nmenory cell (S/D nenory gell). As the S/G and D/ G nenory
cell material 11 have the sane thickness, these two cells will be swtched
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source/drain electrodes 2;6 are provided inverted respective to each other on

20 opposite sides of the common gate electrode 10. The doped regions of the
transistors are as before found in the semiconducting substrate 1 provided on
either side in each of the transistor/memory structures T;;T, as shown. These
combined structures actually are a common gate transistor structure and
could appropriately connected be used to realize a common gate

25 complementary transistor circuit where T; forms the first transistor of the
circuit and T, the second transistor of the circuit. It is, of course, then to be
understood that the substrates 1 must be doped accordingly to form
respectively a npn or a pnp channel structure. A similar dual
transistor/memory structure is shown in fig. 3b, but now with the positions of

30 the source and drain electrodes 2;6 reversed in their respective
transistor/memory structures Ty;T,. As will be seen the dual
transistor/memory structures in fig. 3a and 3b are realized with six memory
cells that can be separately addressed. It will also be evident that the
structures depicted in figs. 3a and 3b shall allow six independently

35 switchable memory cells and thus the possibility of storing a six bit binary



transi stor/nmenory structure is shown in fig. 3b, but now with the positions
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semiconducting polymer or a cyclic compound such as pentacene, as
well-known to persons skilled in the art. Laying down the electrodes of the

20 electrode layer E1 on an organic semiconducting material, one must then,
take precautions to heed the compatibility between the electrodes materials
and any organic semiconducting material with regard to process temperature
regime and so on.

The memory material 11 shall be a dielectric and polarizable material with

25 ferroelectric or electret properties that is capable of showing hysteresis when
subjected to an electrical field. Most preferably such materials will be
organic as mentioned, polymers or copolymers and even more preferably
PVDE-TrFE will be used as memory material. An added advantage of such
memory materials is that their dielectric properties allow their function as

30 electrically insulating barrier materials as well, and further advantage is the
possibility of applying them in global layers of extreme thinness down to few
nanometres and finally that they can easily be applied on complex surface
geometries to form memory cells, including complete filling of the recesses 3
such as formed between the source and drain electrodes 2;6.
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to the gate elgatdifflfiayer could be a separate material and for the sake of that consist

of a dielectric memory material 11, but could also be a barrier coating with
insulating properties applied to the gate electrodes 10. As the gate electrodes
10 in a stacked two-dimensional array S is followed by the layer of

25 semiconducting material 1 in the adjacent neighbouring two-dimensional
matrix-addressable array this layer of semiconducting material could be
treated to form a barrier layer at its surface adjacent to the gate electrode,
e.g. by ensuring that a surface of an inorganic semiconducting material used
in layer 1 e.g. is oxidized before it is located upon the underlying stack. This

30 is of course easy to achieve when the inorganic semiconducting material as
silicon, by simply performing a surface oxidation thereof.

In principle there will be no limitation as to the number of stacked layers S
that can be used to form a three-dimensional matrix-addressable array, but
there will of course be certain practical limits imposed, say by mechanical or
35 thermal constraints and the requirement to avoid an increased bumpiness in
the stacked structure as the number of stacked layers increases. However,
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20 integrated processor/memory structures of high complexity and in dense
arrangements allowing high speed and extremely fast memory access with the
necessary registers provided internally and without the circuitry being subject
to the usual topological constrains inherent in much of present day integrated
circuit technology being based on say silicon.

25
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(2;6) at eithbrassiwe ebéctroe tayans rng ec8YrangBstonsiruetiae sratbesein
e B o PSR RAEE ) il Bk e OGRS Rl P DPIUEE I BGrcSRUEGE o0,
el ectrode (10¥leciogeqaitical saidtiheldreffectisanmstor pimvetuies aWhelain thier eby  t he
) ! o . j . ;

wi dth of the ?%?Eﬂssg?éi‘)zﬁﬂ%'%eﬁﬁ oadhd ERtbde 1896 BERTORBRL Tk

gate 30l%l ectlestiodeid) ) pf Heg Hgldreficgt tiappistrr sirucintes fbe geif eleckegdss yn

cells (11 a, dpy Rasdptidad &ndehiv3emhtidl drilfd SHAPLOYicABAtesH Adlafidd)o the
respectively between ce el ectrode )gﬁgd the gate el ectrode (10),
ct

t he  sour I
bet ween t he dFléiCFfoéleéégf@dgt%@é}rSéﬁ ciypsleqay et rode (10) and in the
recess betweeghimetsrpiddce) @ titk sbircealmRicdraosiefecfbidel-(2;6) of a single

transistor/memory structure (T;) are separated by a narrow vertical recess (3)

20 extending therebetween and down to the semiconducting layer (1), that a
transistor channel (8) is provided in the semiconducting layer (1) beneath the
recess (3) between the source and drain electrodes (2;6), that the source and
drain regions (9;5) of the transistor structures are provided beneath the
source and drain electrodes (2;6) at either side of the transistor channel (8),

25 that the memory material (11) is provided filling the recess (3) between the
source and drain electrodes (2;6) and covering the top surfaces thereof, that a
gate electrode (10) is provided contacting the memory material (11) whereby
the transistor channel (8) is defined with a length L corresponding to the
width of the recess (3) and a width W corresponding to the width of the gate

30 electrode (10), L being a fraction of W, and that three memory cells (11a,
11b, 11c) are defined in the memory material (11) respectively between the
source electrode (2) and the gate electrode (10), between the drain electrode
(6) and the gate electrode (10) and in the recess between the source and drain
electrodes (2;6).



WO 03/ 050814 PCT/ NO02/00426 13 2. A matri x-addressable array according to
claim1, characterized in that a transistor/nmenory structure (T1l) conprises
a third wbaswsmsde | ayer (10') of sem conducting naterial PeppaERi0e2s he
source and drain electrode layer (El), said third el ectrode |ayer (10')
conprising a 5 second gate el ectrode extendBng in the sane direction as the
first gate electrode (10) and registering therewith, whereby the

transi stor/menory structure is realized as a dual gate field-effect
transistor. 32.A mét matrixdatdressablle anrayaccatdvediongjaim sl ai m 1,

charact eri Zed Qratcrt@kgzédﬁ&{%%ugﬂm&hﬁ%w égimeimeqm%ﬁl hessowice and

the 10 gateeect tri x-addressabl e” array according to
claim 1, char &tacéradeekayen (1 %atofta@@ng@eé%n%mﬂtyrlébppp@qlw e sgHcaEd t he

drain and the t Sedth6rigi
according_to (c:lraglﬂrfle@ﬂr%ég@%%?;glzrsl]giézgﬂ e%fe%’f?édé @?ﬁ??g%n&nﬁz § %ag (11 c)

contacts 1he seeendbeatielerodgexten ’clrﬂé‘élé%mﬁzd%?c'“@ apt rate

mat ri x-addres %Pé@lue)ca:rm» aafacwgcﬂéteﬁng%@%@vm 5wh@if@dya@1teet&aﬂ§§ltomn&ﬂﬁ@&yt he
menory material (11) .in’'the F% ﬁiﬁﬁf% has a thi ckness
different froffflRBICE reRidzs f“%? fiR FVaB@ISF%r 20 (11a;11b). 7. A
mat ri x- addr essabl e array according to claim5, characterized in that the
menory materi @l (1% mairix-dddneosdbde ariay aﬂcoedm@ﬁoettlalmrlgam c material,

preferably a BahiEReiold SOBAINIE s Prch o\ K POAI@RTARL Snethd ceaéaﬁpg@e ng

toclaim1, 2 aracterize a cting materral is
i norgani t0 seghtooelggtiodey (Apltleri al , preferably am)rphous si i con,
pol ycrystalline silicon or mcro crystalline silicon. 9. A

mat ri x- addr esgabl epamgaﬁxamgigalgeh@ragl @cording tohelaBatleri zed in that the
sem conductin ri.al a ani ¢, 30 sem ¢ i ng .

preferably a ggﬁ’i ‘?Fd%"cq ?%8133&39%&?0%4 nl?@ﬁ?ré’c% E?Pﬁl)ougﬁ ﬁ’é%?éraﬂ]d?%%y&%l e
array accor di ggtd elect@ides 16;Ihar acterized in that an additional

transi stor/nmenory structure (T2) is provided in registration with the

first single &ransigshofRErmirssiold GhidyedcbidindRo03afr0814 PCT/ NCO2/ 00426

15 characterized in that the third memory cell (11¢) contacts the source and the
drain electrodes (2;6).

6. A matrix-addressable array according to claim 5,
characterized in that the memory material (11) in the third memory cell (11c)
has a thickness different from that of the first and second memory cells

20 (11a;11b).

7. A matrix-addressable array according to claim 5,
characterized in that the memory material (11) is a ferroelectric or electret
organic material, preferably a polymer or copolymer.

8. A matrix-addressable array according to claim 1,

25 characterized in that the semiconducting material is an inorganic
semiconducting material, preferably amorphous silicon, polycrystalline
silicon or microcrystalline silicon.

9. A matrix-addressable array according to claim 1,
characterized in that the semiconducting material is an organic
30 semiconducting material, preferably a semiconducting polymer or pentacene.

10. A matrix-addressable array according to claim 1,
characterized in that an additional transistor/memory structure (T) is
provided in registration with the first single transistor/memory structure (T)



14 opposite the gate el ectrode (10) thereof and inverted in relation to the
first single transistor nenory structure, said additional

transi st owOrmsssy4 structure (T2) sharing the sane gate elP€FtN@d®04280) with
the latter (Ti), thus realizing a dual transistor/nmenory structure with
common gate and six 5 nmenory cells. 11. A héit ri x- addr essabl e array
according to claim 10, characterized in that the dual transistor/nenory

structure realizes a common _ gate conplenentary,.field-effect transistor.
12, A matri x- aEERRES i B alagirade bHo tereel andiimerted HOrdREPRE? GRe JEH | n

that the dual gibasiapkRESMBB Oy StFltGhrY, 8al BaddiGonde Grankisbortinenicgst one
addi tional gate“el ectrode '

(10'), said at |east on dditipnal  ga
el ectrode bei Hgupisei(ded Sbﬁrlﬁﬁéh%ﬁamﬁegqtﬁﬁg‘?‘gr((‘% &93 %gﬁhtﬁ?ﬁ?ﬁﬁ% i - thus
material  oppasHliAnE hedwAur aRidbainerabacttiocert ayel codBnom gate and six
mat ri x-agiojlr essabl e ar rlg%j/ according to claim1, 15 characterized in that the

mat ri x- addr esSEBIYYaft'ay is realized as a three-dinmensional array by
stacking two or nore two-dinensional arrays (5) of transistor/menory
structures, ahd. thdt meitineadirassadilonany aceayding tpsdpiae dd. from an adj acent

nei ghbouri ng ggﬁa@im A dat il ggafta%fa%ig%gfﬂow st@X@ire fedBlres dQ@obfmoft

mat ri x- addr ess e array accor [ characterized in that the
separ ati on | agate ¢amyplameniore ficddreiiecoHi@ansistehe fol l owing, viz. a layer of
insulating material, a |layer of conducting or sem conducting materi al
coated to formpan imsidtekiagirbevabilenrragracaotdiyegrioaflainedfduct i ng or

ser Condﬂft | ngharl]%tc ériiiaeld fnu{lfaat‘%ﬁé )ﬁafj{r%relgls%oor/ﬁl%fnrgrgr Q?ru%?uljerﬁtﬂrg{/id&l R 4eer -
least one additional gate electrode (10), said at least one additional gate
electrode being provided on one of the layers (1) of semiconducting material

opposite the source/drain electrode layer.

13. A matrix-addressable array according to claim 1,

15 characterized in that the matrix-addressable array is realized as a
three-dimensional array by stacking two or more two-dimensional arrays (5)
of transistor/memory structures, and that a two-dimensional array is isolated
from an adjacent neighbouring two-dimensional array by a separation layer
(12).

20 14. A matrix-addressable array according to claim 13,
characterized in that the separation layer (12) is selected as one of the
following, viz. a layer of insulating material, a layer of conducting or
semiconducting material coated to form an insulating barrier, or a layer of
conducting or semiconducting material surface-oxidized to form the

25 insulating barrier.



