7 JUNE 2006 1 Integrated transistor/nmenory structures and matri x- |l e
array thereof The present invention concerns a matrix-addressabl e array of
integrated transistor/nmenory structures, wherein the array conprises one or
nore |layers 5 of sem conducting material, two or nore el ectrode | ayers, as
well as nmenory material contacting electrodes in said at |east two

el ectrode | ayers, wherein the nenory material is a polarizable dielectric
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wherein the f(ﬁjn?gffﬁﬁ’-%?feétQrﬁﬁﬁgof’lgtrh@ﬁﬁés tw@er%hﬁ?llﬁ{ Qﬂe%tllcﬁ%%?f dd frgach layer
are provi ded as continuous or interrupted parallel extended structures,
wher ei n sai dekectiodadayenfem dyesowkcealraantlestradetnaity oasaidifa¢ldagidectai d at
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field-effect transistor Strucfures, the ?ﬁC e e es in any case
provi ded in kelativetanhe glecsradesgdriae fast elnctadsiaygel ative to the el ectrodes
of the first electrode layer. A mgjor problemin nodern conputing is the
physi cal spl Thehgtyarrinstotiagalscdeynaess andapixcaddsissgblenirtsy offisuch
specifically bet.ern CPUs and operat i ng.. .
transistor/me€mory structures, wherein the array comprises one or more layers
20 of semiconducting material, two or more electrode layers as well as memory
material contacting electrodes in said two or more electrode layers, wherein
the memory material is a polarizable dielectric material capable of exhibiting
hysteresis, particularly a ferroelectric or electret material, wherein the
electrodes in said at least two electrode layers in each layer are provided as
25 continuous or interrupted parallel extended structures, wherein said at least
one layer of a semiconducting material and said at least two electrode layers
form field-effect transistor structures, wherein the electrodes of a first
electrode layer form the source/drain electrode pairs of said field-effect
transistor structures, wherein the electrodes of an adjacent second electrode
30 layer forms the gate electrodes of the field-effect transistor structures, the
gate electrodes in any case provided in a substantial orthogonal orientation

relative to the electrodes of the first electrode layer.

A major problem in modern computing is the physical split between storage
devices and processing units, more specifically between CPUs and operating
35 software, user software and user data. Recent improvements in effective CPU



35 software, user software and user data. Recent inprovenents in ?Bﬁﬁ Ebﬁﬁ
CPU 7 JUNE 2006 2 speeds (e.g. the devel opnent from Pentium Il onwar

been enabled by integrating increasingly nore nenory capacity inside the
CPU (SRAM EEPROM), however, the overall speed is still seriously hanpered
by the fact that nost software and data Still uses the hard disk as primary
storage 5 nedium Although the transfer rate of hard di sks has inproved in
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novel archi tHcihurbellhlolf@imtmgomhesmgtthgmw disk ofuldowtiNiot atdmeryneapacytyand
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The increasing incompatibility between storage devices and processing units

deriving from the physical split therebetween not only leads to severe
20 capacity problems, but is also causing latency and inefficient exploitation of
high-speed processing circuitry.

Hence, a major object of the present invention is to obviate or eliminate the
above problems by introducing a novel architecture allowing the integration
of non-volatile memory and high-speed transistor circuitry which can be

25 applied to inorganic as well as organic electronics or hybrids thereof, and
which moreover is not limited to planar devices, but equally well applicable
to volumetric devices.

The above object as well as further advantages and features are realized with
integrated transistor/memory structures according to the present invention,
30 which is characterized in that the source and drain electrodes of a single
transistor/memory structure are separated by a narrow vertical recess
extending therebetween and down to the semiconducting 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
35 the transistor structures are provided beneath the source and drain electrodes



between the source and drain electrodes, that the source and drai A ;jRei 906
of 35 the transistor structures are provided beneath the source and drain
el ectrodes 7 JUNE 2006 3 at either side of the transistor channel, that the
menory material is provided filling the rnecess between the source and drain
el ectrodes and covering the top surfaces thereof, that a gate electrode is
provi ded contacting the nenory material whereby the transistor channel is
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t he menory ectric organi c
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pent acene. | second advant ageous e iment of the integrated
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provided in gagleslembdem thé¢ Becend ferand egiposntaetd i dalie aadabtreade t her eof
and invert edelectrogleéa tellndﬂ' the third memory cell contacts the source and the drain
20 electrodes. In the latter case the memory material in the third memory cell
preferable has a thickness different from that of the first and second memory
cells, and in that case the memory material preferably is a ferroelectric or

electret organic material, preferably a polymer or copolymer.

According to the invention the semiconducting material advantageously is an

25 inorganic semiconducting material, preferably amorphous silicon,
polycrystalline silicon or microcrystalline silicon; or the semiconducting
material is advantageously an organic semiconducting material, preferably a
semiconducting polymer or pentacene.

In a second advantageous embodiment of the integrated transistor/memory
30 structures according to the invention in addition to a first transistor/memory

structure a second transistor/memory structure is provided in registration

therewith and opposite the gate electrode thereof and inverted in relation

thereto , said second transistor/memory structure sharing the gate electrode

with the first, thus realizing a dual transistor/memory structure with common
35 gate and six memory cells, and then the dual transistor/memory structure



thereto , said second transistor/nmenory structure sharing the gathﬁbﬁgbbgde
with the first, thus realizing a dual transistor/nmenory structure w

common 35 gate and six nenory cells, and then the dual transistor/nmenory
structure 7 JUNE 2006 4 preferably reallzqs a comon gate conpl enentary
field-effect transistor. In a variant of this second enbodi nrent the dual
transi stor nenory structure advantageously is provided with at |east one
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field-effect transistor. According to the inventiaqn first rrem)ycell
cont acts t hethsowidth offhetngeess and a width W corresponding to the width of the gate
20 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.

In an advantageous embodiment of the matrix-addressable array according to
25 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

therewith, whereby the transistor/memory structure is realized as a dual gate
30 field-effect transistor.

According to the invention the first memory cell contacts the source and the
gate electrodes, the second memory cell contacts the drain and the gate
electrodes, and the third memory cell contacts the source and the drain
electrodes. In the latter case the memory material in the third memory cell
35 preferable has a thickness different from that of the first and second memory



gate el ectrodes, the second menory cell contacts the drain and the 88006
el ectrodes, and the third nenory cell contacts the source and the E]

el ectrodes. In the latter case the nenory material in the third nmenory cell
35 preferable has a thickness different fromthat of the first and second
menory 7 JUNE 2006 5 cells, and in that case the nenory material preferably
is a ferroelectric or electret organic material, preferably a polyner or

copol ymer . | Bofidiey P fiky 36 a%»esel%h?? A BESRERRBLL R 4 RerbaeRd gp Lhe

sem conduct i n? materi a vanta eo I'S an inorganirc sem conducting 5
material, pre e@trabpygmrrph@wlspan@ ly pmqlzmystomomévr@pr. con or
m crocryst alline silicon; or the sem conducting material is advantageously

an organic Sxenﬁ@ﬁmdﬂgtadmemw aAlay a@befdangbbycha 1ﬁeaﬁt¢@1mdlwti ng pol ymer or
pentacene. In a.sec adva matrix- aﬁdressable

t t h
array 10 accdrdisy u8 gema%\;baﬁtai%afﬁnfagegaa A ]lrs]’c?r? glé)rgaalicrssetmltcpg UP4PRr / menory
structur® (ﬂﬁa)telaals@@effuﬂabhyaamoqﬂmdsrmhoom sdlyoctstaléingTd)icos opr ovi ded in

registration .there a p Ie

noerteq i n PFPEFSYa T RTicERP BT e sblfc AR ELRETERO T s R hPEBRL LA 1

sharing the gegamicsbmitomdiectimnanridl, phefefablyta {eMjcondnoesinggailymiengra dual

transi stor/ QR{a¥ %% structure with comon gate and six nenory cells, and

t hen the dua & istor/menory structure preferably realizes a common gate
conpl enent ar¥ field-effect transistor, In a _variant, of irh' s second

embodi ment  1ma sgeand pdxastagesns sathadiment of the maiixasddigssable riay provi ded

wi th at|@eashccqtdgn@ ﬂ@mé ﬁﬂfémwﬁ £ Afbhade flﬁaltﬂa@ﬁstbeﬁiﬁém@aﬁ s@defuré onal
gate el ect roge bei n pravi 5}15% one o yers sem conducti ng

material oppbki) taeSQOr%l @6%?1&% r)élS&r@PFlaaéeﬂzgyseprowae@ 1R EPEI§UIHOBNt ageous
enbodi ment  ofhdrB®itheAnd ¥ppasite iR @lé@t@o@@(ip(ﬂﬂlh‘é@eoﬁ and hevdrae it tedfsioh he
mat ri x- addreshﬁz%bl e ar({%%/fls real.i ze? as a c%llﬁi gl Qnal , arra by
st acki ng t wotHreifpsal R EARS ists mgmpgg@trgpttgg PARBALRE theg,
structures, apdtiodat(18)twivh dhergirst (OIT\i)l thasrreylizing @ahat ﬁdnsifstcﬁvrm@ﬁl(ﬂfsil acent
nei ghboﬁ; ng two-di nensional ar rg{%/ ¥ a se[:r)lgr athFﬁp \éeh aggi pen the
separ at t-bn | SYBFIUSE &1L SRMMPR gakg ang Six S RBUBEN 40 f42! i 2.
| ayer o:‘ | nStﬂagtllstt&f/ﬂﬁiEhﬁfry@truoauﬂ lalfelafol}ewuimtslaﬂgomm@regh?onductl ng
mat eri al coate orm i,n n er er o n
30 sem conduEomAHERERY JIeldtTerdarabiapEdat safbnhot BSiseSond ety dimers
the dual transistor memory structure advantageously is provided with at least
one additional gate electrode, said at least one additional gate electrode being
20 provided on one of the layers of semiconducting material opposite the
source/drain electrode layer.

In a third advantageous embodiment of the matrix-addressable area according
to the invention, the matrix-addressable array is realized as a
three-dimensional array by stacking two or more two-dimensional arrays of

25 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,
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

30 semiconducting material surface-oxidized to form the insulating barrier.

The invention shall now be explained in more detail with reference to its
prerequisite technological background as well as a discussion of preferred
embodiments thereof and with reference to the accompanying drawing
figures, in which



The invention shall now be explained in nore detail with referencgJﬁﬁ
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€ 1nvention,

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
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. la and plan view in fig. 1b, in
casu the arrangement of the electrodes in the electrode layers E; and E; as
indicated in fig. la. Instead of being restricted by a pitch deriving from
constraints imposed by design rules of conventional patterning technology,
e.g. photomicrolithography, separate patterning and molding processes are
used to form electrode sets E;E, with e.g. in each case parallel strip-like
electrodes separated by an arbitrarily small distance and mutually electrically
insulated by an insulating material 4 provided in recesses 3 between e.g.
electrodes 2,6 of the electrode set E1. Crosswise oriented electrodes 10 of the
electrode layer E2 can be similarly laid out and mutually insulated in a



el ectrodes 2,6 of the electrode set El. Crosswi se oriented el ectregegrh@odf
the electrode layer E2 can be simlarly laid out and mutually insulated in
a 7 JUNE 2006 7 correspondi ng manner by an insulating naterial or barrier 4
as seen to advantage in the plan viewin~Aig. |Ib. Since the separation
between the electrodes 2;6 indicated by the distance L in fig. |Ib is not
subject to any design rules, and in principle can be of equal magnitude to
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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 additionally has been doped beneath the recesses 3 formed
between the source and drain electrodes 2;6 to form a transistor channel 8 of

25 ultrashort length L. The source and drain electrodes 2;6 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 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

30 transistor channel 8 can be made almost arbitrarily small, conforming to the
thickness of a layer 4 which by methods well-known to persons skilled in the
art can be deposited with thickness down to almost monoatomic size. On the
other hand the channel width W will be given by the width of the gate
electrodes 10 and hence the ratio W/L can be made very large, thus giving a

35 very high drain current Ip as desirable. Present-day technology for patterning
in the region well beyond the 0,1 um range will hence allow transistor
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portions, ormng a I rst whi ch can
be addr essedpolyAvimaidgae edlentide tadyoneethyieneheopolymer or P(VDF-TrFE) which
20 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

25 against the gate electrode 10. The transistor/memory structure T, 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

30 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 cell
which can be addressed via the gate electrode 10 and the drain electrode 6,
and a third portion 11c forming a third memory cell in the recess 3 between
the source and drain electrodes 2;6 and addressable thereby. These three

35 memory cells 11a, 11b, 11c¢ can be addressed, i.e. read and written
independently of the operation of the field-effect transistor proper. In this
connection it should be understood that three memory cells can store a three
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20 setting up an electric field across the memory cell 11c therebetween. In a
typical preferred ferroelectric material such as poly(vinylidene fluoride
trifluoroethylene) P(VDF-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 strength required is in

25 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 memory cell), while then

30 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 the same applied field strength,
while the memory material in the S/D memory cell can be thicker or thinner
than in the two former memory cells, and hence shall allow switching at a

35 different field strength between the source and drain electrodes 2;6. Now the
transistor structure formed by the source and drain electrodes 2;6 the doped
regions 5,8,9 and the gate electrodes 10 shall allow the transistor switching
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respective complementary transistor circuit where T, forms the first transistor of the

20 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
the source and drain electrodes 2;6 reversed in their respective

25 transistor/memory structures T;;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
switchable memory cells and thus the possibility of storing a six bit binary

30 word and writing and reading the same with any suitable protocol as obvious

to persons skilled in the art.

A second embodiment of the dual transistor/memory structure is shown in
fig. 3¢, wherein the second transistor/memory structure T, is provided with a
second gate electrode 10, thus making T, a dual gate transistor/memory

35 structure.
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The memory material 11 shall be a dielectric and polarizable material with
ferroelectric or electret properties that is capable of showing hysteresis when

20 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
electrically insulating barrier materials as well, and further advantage is the

25 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.

Integrated transistor/memory structures according to the invention can now
30 easily be implemented as matrix-addressable arrays, usually as a

two-dimensional array, as already known in the art and as disclosed in figs.

la and 1b, but it is also possible to stack such two-dimensional arrays to

form three-dimensional arrays, as shown in fig. 4, which renders a

three-dimensional matrix-addressable array according to the invention and
35 formed by three stacked two-dimensional arrays S;,S,,S3. The point of
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by a jselpfar a; hfeighlb@melmglsgacmbysa smmaabndaydr?ymngSPbpaMKm layepaoatcbltaea I
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rlr?, e[):]? coul §CRATE g%eglag qféqratils Thc?rﬂ'rq‘éﬂtl f r‘iléelﬁFgecgﬁ‘{ appl I ed
to the gate aiaﬁemalotlh,sbdi(bomd atlirtebgatlmrelleetcbandgsvﬁﬁ 1n$ulatmgq1rbpdrt1es I
t wo- di ' t I teri
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a surface of
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 | e.g. is oxidized before it is
located upon the underlying stack. This is of course easy to achieve when the

25 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

30 thermal constraints and the requirement to avoid an increased bumpiness in
the stacked structure as the number of stacked layers increases. However,
these are well-understood technical problems and can partly be obviated by
taking necessary precautions as known to persons skilled in the art.

It will be seen that the present invention provides a matrix-addressable array
35 of integrated transistor/memory structure in two or three dimensions with the
integration of memory cells with transistor switches and allowing the
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14 CLAIMS 1. Integrated transistor/nenory structures conprising 0RquRE JIRE €
| ayers (1) of sem conducting naterial, two or nore el ectrode |ayers Fé) as
well as nenory material (11) contacting electrodes (2,6,10) in said two or
nore 5 el ectrode | ayers, wherein the neno material (11) is a polarizable
dielectric material capable of exhibiting hysteresis, particularly a
ferroelectric or electret material, wherein the electrodes (2,6,10) in said
at least two electrode layers (E) in each |ayer are provided as continuous
or interrupted aral l el extended structures, wherein said at |east one
| ayer (1) ofC%JXB%Seniconducting material and said at |east two el ectrode
| ayers (E) forma field-effect transistor structure, wherein the el ectrodes
(2,6) of a filrst Iekeohtabgrahsigarr/hiEdory gtmctires sonimedidpaine et awire dalgerpai r s
of the said {ietd-effect .ransiPtor tructure mhergin t he Eﬁectrﬁges (10)
)o eé é

of an adj aceh sIBHPIdustingdnatarialfwe ebmarg elscifpde layers (Fd a8 wdhds (10)
of the fiel dnefmhest mhberialafidi) soartacingueleutredes (@ 6gE1 eined & d ttvad@smiome any case
(2°6) "o t ne Sl IRYE sl ROfRRemty aBHA L Fich PPl b Bidefile oe°°
and drain el ecdtendesafad]é)ofa@khibitingansitetests, parbeylaslyraitdruoeediriaoe
ted b ert| . di d

don 1o the’ SEsbnethgvfigleip TEFRecpitles 2 CXREMERIR dlERRIR LBy " 3"
provi ded i n thetsee lagadud )i ingedchylaye dde erveded as kentinsoes or (Bierhgteden t he

d draj I X . { d { i 9;5
of the transPRile RHAREr Bt cufls, shtbirt MRS ey BERLLOLES arai
el ectrotids (2eljcatdustingematirgd anfd $dié at deasstwootlectradadbyqr8YF) formizat t he

. ) ; 1 : b :
ond drain ol Ceig St BRIt Skt WBegiR Thd SRESRISINLIPERAIT, Pou o
gat e el ectrodiectrele lagepthoy)ifven themacte/dppinrdeetsade pamatadrthalsa{d1) wher eby

wdth of te FieRReEinalbEsRLhRE Ty Bl o It SRt bes TR STRERR e ' 021 e
30 el ect r odes¢amyd electreidadayer (Eagtfooms dhe ﬁpteml@c;rngf:s (hokef tmbeld-ctlecs (|
bet ween The "ZatiRL PR RSN Bt Bl TRTRICK 1T Ak gr bl P shbatal
drai n el ectrodbogesyl arigntatiwngedatiee txtheelscirodys §28)iof thedinseekeséragst ween
t he source apg,egr(gilj] el ectrodes (2;6). 7 JUNE 2006
characterized in that the source and drain electrodes (2;6) of a
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).



15 2. Integrated transistor/menory structures according to claim4 006
characterized in that a transistor/nmenory structure (Ti) conprlses a %ﬁ
el ectrode | ayer (10') of senmi conducting naterial opposite the source and
drain electrode |ayer (El), said third elegtrode |ayer (10') conprising a 5
second gate el ectrode extending in the sane direction as the first gate
el ectrode (10) and registering therew th, whereby the transistor/nennry

structure 1syreal jgeghAsy frauphodichh Jﬂyeétﬂlcﬁullfe%c&ccw@lh@gt%taal . Integrated

transi stor/ rrermry sfTuctures accor acterizéd jn that
the first rre‘%hﬂfr?c@élzled(l!l.l thay aémsaﬁpdmmor%ﬂrwua% pheompuisgag dhisfect r odes

(2;10). 4. %ﬂ%@&bﬁ& %‘yérr(qf(ﬂs) 6}“@éh”&fﬂ%fdétﬁltgrrﬁﬁiéﬁé}%;ﬁﬁﬁwefih@%oh?cé?hﬁd m 1,

characterize second gontacts the drain and

the gate el @@tm@b@:é,rq@ kmr (By), |smdetju@ﬁ @wrpéﬁslax@ro Y sOMPIEYIPGE ur e
accordi ng 1 os&lodidBate el tFtiy @féﬂeﬁﬂ!r?gieﬁq e §d?ﬁé diﬂé@tlbh'dsdthmﬂgaﬁ@” (I 1c)

contacts the source an rain ectr, | nt egr at ed

transi st or / nelgsipd §t(ﬂ9):ﬁﬁgé§gléé‘?fé)‘?%ﬁhf‘de}"é meﬁby th%ﬁr&méb%t@?/&eé@oqyn t hat

the menory matedtudd i rehliked dsha Bl gaterfilaRsmPEM E@ldistot. | ) has a thickness
different fromthat of the first and second rrermry cells 20 (1l a;llb). 7.

I nt egrated tgansi I haracteri zed
in that the @Rﬁ%{a@?@{aﬁs%&&ﬂ sﬂgorslerrocg{lect |CE:)?%1?1 e ?}rgtlc or gani c
material, pr eliaa‘aahzlrgzed 1pd|hyhﬁre firstanpmloyyreell (81a) norgictt et sowasiagddhe menor y
struct r 1, 25 characterized in that the

sem coﬂféﬁct i %&% eq @??%% €j§ afi inorganic sem conducting material, preferably

anor phous silicon, polycrystalli silicon and mcrocrys line silicon or
an organi ¢ snico eg&qt%tmﬁ@rt@rgmemweﬁt@r%wy 369@6‘1% d‘aé ng pol yner or

pent acene. 9chdra&@9rz%ueiﬂ thhf iR SE@n/dmeRIoty Tellydtlb) @enest9 ik Beaihanel fiem 1,
30 characterized . in that :n addition to the transistor/menmory structure (Tl)

a second trSH&ideHF? VOhtructure (T2) is provided in registration
therewith and opposite the gate el ectrode (10) thereof and inverted in
rel ati on thefet o, Integiatied tramsiston/ nres atycatrundwee yearding to elai2), sharing the

gate elgctroge, b kit qtHNR P AR memory cell (11¢) contacts the source and the
drain electrodes (2;6).

6. Integrated transistor/memory structures 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;11Db).

7. Integrated transistor/memory structures according to claim 5,
characterized in that the memory material (11) is a ferroelectric or electret
organic material, preferably a polymer or copolymer.

g. Integrated transistor/memory structures according to claim 1,

25 characterized in that the semiconducting material is an inorganic
semiconducting material, preferably amorphous silicon, polycrystalline
silicon and microcrystalline silicon or an organic semiconducting material,
preferably a semiconducting polymer or pentacene.

9. Integrated transistor/memory structures according to claim 1,

30 characterized in that in addition to the transistor/memory structure (T,) a
second transistor/memory structure (T5) is provided in registration therewith
and opposite the gate electrode (10) thereof and inverted in relation thereto,
said second transistor/memory structure (T,) sharing the gate electrode (10)



with the first (T1l), thus realizing a dual transistor/nenory stru;&bl&ﬁz\%éh
common gate and six nenory cells. 10. Integrated transistor/nmenory
structures according to clainmD, characterized in that the dual

transi stor/menory structure realizes a co n 5 gate conpl enentary
field-effect transistor. 11. Integrated transistor/nmenory structures
according to claim9, characterized in that the dual transistor/nenory

structure i Syumiope gg%,l “5) r}ﬁs réAfahg AGu A4 s RBRIm GRbRy @iéaewre%uﬁ 10 )

said at | east one ate erectrode being provid on one of

| ayers (1) o$01§§1ﬁfb§ﬁ@ﬁ’tqwlﬁﬁﬂ&w§1€“§0 opposite the source/drain el ectrode
| ayer. 12. A matri x-addressable array of integrated transistor/nenory
structures, wmerhitegtdwd Aranad 5t o0 NN Gr§'Ss U U IS mroedirrgy&rsla(rm}) of

sem conductl teri e el ec rode | ay E as _penory
macer ol 115 et edd gt TRty HBERy haftZs frsputiof

el ectrode | agstescomplensimaryt ﬁeldreﬁﬁecytnaa‘smtoral (11) is a polarizable
dielectric material capable of exhibiting hysteresis, particularly a

ferroel ectrigjor Eit@%ntart&ﬂ tfﬁ%"si%rtbﬁhwen’{mgrﬁf&tuﬁé&%&'o?&frfgoﬁﬁéla(@ 6, 10) in said

at least two electro ilers ch layer are provid f&s cont i nuous
or interrupt @l@)arlggpegmegpnet @éﬁt?eéu%lttrr@l%%lﬁﬁoé@ne@@r%@% yredaipgoyidedauin afne

| ayer (1) of lcAsB 8 ﬁ@aﬁuﬁ{dlrg&t@et&wcﬁie (a@d) sAidl afleast 88 taddio@dlesdte ode
| ayers (E) formfield-effect transmtorélg?niuctures wherein the el ectrodes

(2,6) of a fPlfe§¥f0éPé)@tl@%nH’é0Yl gdedrory gng of %msébwéé?rm%miu%un&maw@ pairs

of said|diel gppddiRCthel JAREERNr QN Slctuoly1@for. Wnerein the el ectrodes (10) of
an adj acent second el ectrode | ayer (E2) forms the gate 25 el ectrodes (10) of

the field-effect transistor structures, the gate el ectrodes in any case
provided in a substanti al orthogonal ori entation relative to the electrodes

(2,6) of the first electrode Ia% characterized in that the source
and drain el &¢t r ofedairx@ddsgssable @féﬁlé|0§t16?e/gﬁ%tﬁ€rtpa%&l$t9&fﬂ?1@oﬂy sifpgtures,

separ at ed bYW%ef'@lhrtﬁWa‘fﬁe{}lé&ﬁbrﬂs%@ﬁé omor fy@f@t f)%ﬂ‘&nﬁ?&%ﬁ@h@ﬁ en and
down to the sem conducting F tt@ﬁ ranﬁl stor channel | l/\)e

provi ded in méeré@lmwermueprﬁs qca@ﬁe lmrs st e Wémﬁg@éwet@yla é en the
S?U{ﬁe fmd dé@%tﬁcﬁh%@é&ﬂ%es(@ 6)10)tiRdhid Keo 9Wi6R @ebirodeahyersedihepsin( 9; 5)
0 e rans|, stor s

el ect rodes (@e@eg{orgﬂg%t‘ugrne KZL k?fgg\é)?qf%g%aé‘ﬁt Qtrgglﬁﬁ%ﬁar%)epa%ndo Lglt r]t he
nmenory mat er &xibtidg hiystepesiy) gadichiddy adetloeldctae sy dltrOehweaiall RehefeihUNE
2006 17 the electrodes (2,6,10) in said at least two electrode layers (E) in each layer

are provided as continuous or interrupted parallel extended structures,

20 wherein said at least one layer (1) of a semiconducting material and said at
least two electrode layers (E) form field-effect transistor structures, wherein
the electrodes (2,6) of a first electrode layer (E,) form the source/drain
electrode pairs of said field-effect transistor structures, wherein the
electrodes (10) of an adjacent second electrode layer (E,) forms the gate

25 electrodes (10) of the field-effect transistor structures, the gate electrodes in
any case provided in a substantial orthogonal orientation relative to the
electrodes (2,6) of the first electrode layer (E,),
characterized in that the source and drain electrodes (2;6) of a
transistor/memory structure T, are separated by a narrow vertical recess (3)

30 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),

35 that the memory material (11) is provided filling the recess (3) between the



source and drain electrodes (2;6) and covering the top surfaces tpgﬁg@fz,
that a gate electrode (10) is provided contacting the nenory materia P?i)
whereby the transistor channel (8) is defined with a Iength L correspondi ng
to the width of the recess (3) and a w dyh Wcorresponding to the w dth of
the gate 5 electrode (10), L being a fraction of W and that three nmenory
cells (11 a, 11 b, 11 c) are defined in the nenory material (11)

respectively albﬁ {&fe 94]266} ﬁl‘?dj%o(/@l)m e &&;ﬁseﬁfa%eﬂﬁeg&bpqﬁﬁﬁéo)

bet ween t he glraln ectro ateeectr ot
recess betwe&Ate ﬂ@cg@dﬁ ¢&0 hifdptﬁvarie.d cenetingdas momeyy nweml (hl) whereby

et 1 x- addr eggalh s RIS AARPNS) RAdInG] Hith 4 fendthr %Bh%rsbéﬁﬂ'lrfgntotﬂﬁ%t 2

ngh
tran5|stor/nermr structure I’TpI’ISGS a (]ét el ectr.ode a er

of
seni conduct i K Fba@éﬁheareqsﬁf)&%) tvéd @H@ldéb&?/cc@rmondﬂ%g HO élnee@tlﬁi@u@f rhfy&ate( E1),
said thigd eb%&f&fé@(ﬂo&}ygrb&ﬁga)frﬁ@m 'o¥'W9aﬁ‘d tRACPRee gRifosl 881y
ext endi ng |ntg |rec%c!)on as the first gaiéiﬂ)w electrfg Q’Y%e)
registering A ré\'/\ﬁ: We Vlfhf‘emtelnbﬂfé’l@?wy } ESPSCHYEDUPRIW STy &I i zed
as a gual ?absulfdeaéléc%a@@) hﬁ@lﬂﬁé ghfbreleéﬂ'odé\([fﬂ} 'Hetwadf ke siakineclatfrade
according to

12 ract i at the first no cel | . a
cont act s the(é)om e e ﬂsctra éf@ %@ﬂ%ﬁ&r?@% tWegy fie sgurce and drai)

mat ri X- addr egktptRlegr(Reg). according to claim 12, characterized in that the
second nmenory cell (I Ib) contacts the drain and the gate el ectrodes (6;

10). 1644A t 12, ch terized i
that ¢l rhi 1 merpl i ASFRt s P CKATIREON I S (B Tl Re™ S5 Grarn "
el ectrodes (2h@jacterizedaimtitat mxtranhjst@s/smhher)astrayttac@r@bmgrlsos althirch 16,

h t 11 (1
Foy “has ot ooyt FLOTREnBO RO Aing ibterifh S0l ft SBUERE o |
cells (Ila;dran elegrage laycm(ﬁn) xsaadi thied shesiteoder laygr éb&drqnmgrlsmgca a| m 16,
characterizededdhd grgtte élB@ﬁrH&@‘é&%’edﬁ?ﬁgﬁh e é%ﬂﬁs difedidihd ﬁf‘é ﬁ?§tr

electret organic mer or copo UNE 2006
18 19. I mat ﬁi@@lmr(éé)éaimneregmayngdb@nemlﬁg wbem aunhﬁﬂzansw:tna/rna@n@ry zed in

that the senmigapAiEts PeaITRIEAL Aldulab g@ft FiBRI-OFRE Ctransistor.

14. A matrix-addressable array according to claim 12,
characterized in that the first memory cell (11a) contacts the source and the
gate electrodes (2;10).

20 15. A matrix-addressable array according to claim 12,
characterized in that the second memory cell (11b) contacts the drain and the
gate electrodes (6;10).

16. A matrix-addressable array according to claim 12,

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

17. A matrix-addressable array according to claim 16,

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
(11a;11Db).

30 18. A matrix-addressable array according to claim 16,
characterized in that the memory material (11) is a ferroelectric or electret
organic material, preferably a polymer or copolymer.



sem conducting material, preferably anmorphous silicon, polycrystahhiQe 2006
silicon or mcrocrystalline silicon. 5 20. A matri x- addressable array
according to claim12, characterized in that the sem conducting naterial is
an organi c semniconducting material, prefggably a sem conducting polymer or
pentacene. 21. A matrix-addressable array according to claim 12,
characterized in that in addition to a first transistor/ nmenory structure

(T1) a 10 Sia@ondAtrﬁ?ﬂﬂ gféﬁgmé'rr% EHG(SMEI?g g(?_%ialhlslﬁrov' ded in

regi stration therew osI t e gate el ectrode’ (10) .t hereof and
inverted in ¢leqra@ﬁemednerté@bthe %eamogléééhagtm@méuaéﬂwnnﬁmayu@tructure (T2)

sharing the %ﬁoﬁhﬁeﬁﬁg%a&m M&ﬁbﬁ}hﬁmfdrgﬁéus( ;ﬁlboonhgwyd@@ﬂamwg a dual

transi stor/ menory structure common SI X oty cells. 15 22. A
mat ri x- addr e%lélﬁﬁné)fdmcdg?cﬁ/é&@ﬂl@ﬁrﬁgh?@l claim21, characterized in that the
dual transistor/menory structure realizes a cormon gate conpl enentary
field-effect20.ranAimutix-addresdabht aniray adchmelslsgbd) eladnr &9, according to claim

21, character, zed in that dual . tr re is provided
Gihar o0 PuiEresstiignbl Bt hicntlElin MdrI oY i RS | calt one
addi ti onal gsdreicoaldactingdeateeiahgpmefenablied semioomdwdtinghpolyayer sr pantaoéne.
sem conducting material opposite the source/drain electrode |ayer. 24. A

matrix- addre@PamRﬁﬁfﬁ-a@@l?&%%&%ﬁ%%@é%ﬂ%to ctllgf @gterized in that the

matri x-addressable array is realized hr.ee- di mehsi onal ar?ﬁa;y by
st acki ng t wocharagisrizedvin-thrhithad diiion tor 3 Aiyst ransison/memedy stigictyrsdny 2

struct uges, é’é&%nﬁ%nﬁsﬂo‘ﬁﬁn@h@?}%trﬁeﬁire UL P }bﬁ)v'lé&i &t ?é’glsfréﬁﬂhaiﬁel%@l'l@l?em

nelghbourln t wo- di nensi onal arTay

€par n | aye 2
matri x- addr e@ybap@ow the &%‘i?o‘?lé?trﬁ@d? 61Q;) iqelrﬁ ﬁ@ée’f éer]l éee tﬁfﬁrei%at t he

separ ation Is?aierseeéﬁd tfaslsﬁs%ﬁﬁfe@ﬁio@%tmauﬁé (T))eshamﬂgl @l\en gile eléctrode (layer of
i nsul ati ng materi al 3@‘?6@ onduc conduct i ng mat er.| al
I

coated to foPihaihefigs u%é‘f'ar 174Rg it traagﬁé%to memghyseufige gyith
sem conduct i §¢mARregatel anaisikageme¥y deled to formthe insulating barrier.

15 22. A matrix-addressable array according to claim 21,
characterized in that the dual transistor/memory structure realizes a common
gate complementary field-effect transistor.

23. A matrix-addressable array according to claim 21,

characterized in that the dual transistor/memory structure is provided with at
20 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.

24. A matrix-addressable array according to claim 12,
characterized in that the matrix-addressable array is realized as a

25 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).

25. A matrix-addressable array according to claim 24,

30 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
insulating barrier.





