24 NMAY 2006 1 Matri x-addressabl e apparatus with one or nore nenohyMleyhers
The present invention concerns matri x-addressabl e apparatus conpri sing one
or nore nenory devices with nulti-directionally swi tchable nmenory cells
arranged in a passive matrix-addressable grray, wherein the nenory cells 5
conprises a nenory nediumin the formof a ferroelectric or electret
thin-filmnmenory nmaterial capabl e of belng pol ari zed by an applied electric
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20 reduced, as will production complexity, yield and — cost. Also, using only
one or two memory layers would reduce the effect of polymer postprocessing
correspondingly and hence prevent the negative performance effects from

such procedures.

The traditional approach to increase cell density is by reducing cell area.

25 However, the smaller the cell footprint, the smaller the signal (and the lower
the SNR), and the more sensitive and hence complex and real estate
demanding the read-out circuitry (dominated by sense amps) will have to be.
In fact it is considered extremely challenging to build crosspoint matrix
systems of any kind with smaller line pitch than 0.30 pm — 0.40 pm (cell size

30 0.09 pm?*- 0.16 pm?).

A concern related to multi-layer stacking is planarization. Building
successive layers on preceding ones gradually produces a “curvy/bumpy”
topography which creates substantial problems in regard of lithography
control and hence the ability to address and read out from cells (e.g. sense
35 amplifiers are designed relative to an expected cell area, if this, through non-



control and hence the ability to address and read out fromcell sziﬁquz@gnse
35 anplifiers are designed relative to an expected cell area, if th
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to achieve switching voltages lower than 5V. Lower voltage levels are

required in order to use progressively denser lithography and be compatible
20 with related design rules, which also allow reduced power consumption. Low

voltage is furthermore very attractive in polymer memories, since it allows

more, eventually all, circuitry to be built underneath the passive memory

matrix, which again reduces effective cell footprint by reducing overhead

footprint, possibly to zero, making vias, connections, etc. easier to design and
25 implement.

However, to make such thin films with acceptable uniformity/morphology
and no shorts, is very demanding over large areas (like a wafer), also because
important ferroelectric properties, like crystallinity, tend to deteriorate with
thinner films, while leakage and sneak currents represent an increasing

30 problem. This again seriously affects the memory properties, e.g. the level of
switchable and remnant polarization (important for distinguishing between
ones and zeros), switching endurance and switching speed. Especially high
temperature performance (e.g. above 60°C) seems to be much worse.

But even thicker memory films experience a range of problems, similar, if
35 not so expressed, to those of thinner films. The preferred and established film



ones and zeros), sw tching endurance and sw tching speed. Especi g {}W‘@i&ﬁ
tenperature performance (e.g. above 60C) seens to be nuch worse. But even
thi cker nenory filnms experience a range of problens, simlar, if 35 not so
expressed, to those of thinner filns. The jpreferred and establlshed film 24
MAY 2006 3 application approach is spin- c&%tlng, usi ng an appropriate

sol vent. The choice of solvent, spin conditions, possible solvent residues,

baking condyh RIS PRRHIGENS PR LS HinE NGRS el ropk Y SR T ot
chal | enge whchdics qf§oévelt apnhcgnchatoas, possibletsolvent muhre@ beking ned.

Sol vents ar Ceoidifiond Y] atfx%hfbsﬁlb?nﬁé}%&oﬁ dge%%ehp eHPb a é}}%e'] I ms on

waf er substr en ce o t hi ckness
(see bel ow) , regarding ebtacwia gfthe raogract @pmhlpatltm@ esietRrs§ a@hallmlgfr whigly

accordingly, h‘é@#e&ﬂm\ﬂgh reﬁfe‘i%ﬁerpﬂﬁﬁlﬁlﬁ S LML ePRET B RRBntd alfgler&?ec‘é@.‘,dﬁt I ons

are Iarger t max! mum vol t age excur si on, ot her “hand,
the | arger ttmus;(lmﬂsddmo qhtayl gradyniform fl‘iﬂm%oﬂdh?ﬁeéﬁubﬁféa@lsr cuitry will
need to be to handle it, with added costs in regard of real estate

effi ﬁi Iency/ pm@u@tth_ersmﬁcrm?gmdlw &iﬂpﬁﬂdeﬁ@ébf fﬂﬁﬂﬂﬁ?lélyeﬂr(sea!abﬁlm)%abﬂh

ngcer t he ac at the expRros to. .
CobetantrY,  BRERGh fie biSoratly, the cosliye et ERill Fary deBrBRREY. Yhich will;
| ayers, vi asu:sampﬁc_mlleﬂs ,dating operem.dltif ﬂhamjrmlamrmeyasgelaahan thﬁdesﬁﬁlni S

t ent severe. ne Q |1 S
very oM carxigeny RplieS B EhEPTBhHE s R fAnd b AR HF R e act i ng
pr ocezI S. 2?| (I'd&mgtseﬂ)pthmiqrgmbnmldxeh@ﬁmcaitky willendeakcto béaw hahdlecitgwtithodes
1 | S uf. e

Lo ol mer o1 §44EDE0sts th 3 BBt falBAE ofSicRcTrbuRki bF ORI BVice,

typi cal sol deostng process terrperature can reach as high as 210C (for
limted periods), which cause problens for the architecture, since the

pol ymer star t t E f Ith Brfd I m
interf ace rraif%geébslgﬁ:noe‘??gg Ifeggrfbgr %léa)}?dgggotg?gc%ﬁdc}% @E%E{)gggnt nyg/ﬁtfgén i's

t hus toldbvi 8¥ROsedeto @Mtp%mceﬁ@&d@gnflﬁﬁ@%ﬁ%do tobelestrodesn prior

art matrix- afieaacal fydr8Pia% coh@etBhs, etk NinPaulii AdY éfedymefiotBtadi®any
material s anq_l as used In a n’&til x- addressabl e, data’ st or age, devi ce.
this represents a potentially severe negative impact on the 8olymer which is
very difficult to control properly, especially in a commercial manufacturing
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20 The use of polymer and especially the fact that the electrodes rest directly
onto this material which has a melting temperature of approximately 150°C,
result in problems when packaging is concerned. In a typical soldering
process temperature can reach as high as 210°C (for limited periods), which
cause problems for the architecture, since the polymer starts to melt and float

25 such that the electrode/ polymer film interface may be seriously damaged.

The object of the present invention is thus to obviate the above-mentioned
disadvantages and problems with prior art matrix-addressable memory
devices with particularly polymer memory materials and as used in a
matrix-addressable data storage device.

30 The object of the invention as well as further features and advantages are
realized with a matrix-addressable apparatus according to the present
invention which is characterized in that the first electrode means comprises
parallel strip-like electrodes of width w and height h spaced apart and
mutually electrically insulated by a portion of insulating thin-film material



30 The object of the invention as well as further features and agypnt

are realized with a matri x-addressabl e apparatus according to the present

i nvention which is characterized in that the first el ectrode neans conpri ses
parallel strip-like electrodes of width w,and hei ght h spaced apart and
mutual ly electrically insulated by a portion of insulating thin-film
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memory material.

In an advantageous embodiment of the apparatus according to the present
invention, wherein the at least one memory device comprises a third

25 electrode means an insulating thin film is provided over the top surfaces of
the electrodes of the first and second electrode means respectively, said
insulating thin film in at least a portion covering the top surfaces of the
electrodes of the second electrode means being formed by the memory
material, the electrodes of the third electrode means are provided contacting

30 and interfacing the insulating thin film in an arrangement similar to that of
the first electrode means and oriented in the same direction as this and
perpendicularly to the electrodes of the second electrode means, such that an
electrode of the third electrode means registers with the corresponding
electrode of the first electrode means, whereby each memory cell is defined

35 by a thin film of a memory material covering an electrode of the second
electrode means at the crossing of the latter between an electrode of the first
and third electrode means respectively, such that a memory cell can be



material, the electrodes of the third electrode neans are provi dgdyiay 2006
contacting 30 and interfacing the insulating thin filmin an arrangenent
simlar to that of the first electrode nmeans and oriented in the sane
direction as this and perpendicularly tocthe el ectrodes of the second

el ectrode nmeans, such that an electrode 0f the third el ectrode neans
registers with the correspondi ng el ectrode of the first el ectrode neans,
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can be polarized or switched in a fourth direction perpendicular to the top
20 surface of the electrodes of the second electrode means by applying an
electric field between these electrodes and crossing electrodes of the first
electrode means of an adjacent neighbouring memory device, and a memory
cell is defined in the memory material surrounding an electrode of the second
electrode means at the crossing between the latter and the electrodes of the
25 first electrode means in respectively the actual memory device and an
adjacent neighbouring memory device in the stack, whereby the apparatus is
implemented as a volumetric data storage apparatus with the first electrode
means from a second memory device in the stack onward as a third electrode
means of the underlying neighbouring memory device.

30 In the apparatus according to the invention the insulating thin-film material
preferably can be a ferroelectric or electret material, and the memory material
can likewise be a polymer or copolymer material. The insulating thin-film
material and the memory material can be the same material and the memory
material can then preferably be a polymer or a copolymer material.



25 first electrode neans in respectively the actual menory devi ces fiy 26b6
adj acent nei ghbouring nenory device in the stack, whereby the apparatus iIs

i npl enented as a volunetric data storage apparatus with the first el ectrode
means from a second nenory device in the ack onward as a third el ectrode
means of the underlying neighbouring nenory device. 30 In the apparatus
according to the invention the insulating thin-filmmaterial preferably can
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figures,5of dbiick ddcordihgstoothe iaventiss, section of a first el ectrode neans as
used in a nmenory 5 device according to the invention, fig. 2 a plan view of

the electr Od?ig?gﬁéldln”vifeiwgof%he Eie@tr"%e%ﬁéelgﬁs,ﬁlnggcﬁi on of a configuration of

the first eleée nmeans taken along t A’Ain fig. 2, fig. 4 a
cross section of the first, and. second el ectrpde ans in nenory ., 10 devi ce
s omed 1 ¢ BB dbarass SecHEBAIA G NBURAOD o thet Mot Sleethode MEads JakeTt ot | on
of the nennrykﬁgyﬂﬁﬁﬁﬁ@pugeﬁlﬁ@,Qbe apparatus according to the invention
before a final stage in its fabrication, fig. 6 a cross section of the

menory devi C?igi. q Eﬁ)ss%e}%ibﬁ d@ﬂﬁrﬂrs‘fﬁh{i%eiﬂnd Qie%‘ﬁeode%e%?in 48n8mBlan Vi ew
of the nenory=device 1Tn Tig. show ng the arrangenents of nenory cells
t her ei n]0 f i gdeviseascussslsinsthetdpparatustageordingrtg thevnvention,fi g. 7a, taken
along the line a-a, fig. 8a a plan view of a nenory cell in the nmenory

device in fi@g. 5/RAcARd séBtiondT thetmebra deviesassesed @nthef appagatigmory cell in

fig. 8a, taken along the line C ig. Cross se an of the nenory
device in fi @?CGFQIW? f‘hﬁéﬁ H}‘T%%Oé‘%ef{?ﬁgaﬁl?@ﬁa% 1 s TABHERYOReI 1's, fig. 10 a
third electrode neans in the nenory device as used in the apparatus

fig. 6 a cross section of the memory device in fig. 5 with memory cells in

place,

15 fig. 7a a plan view of the memory device in fig. 6 showing the arrangements
of memory cells therein,

fig. 7b a cross section of the memory device in fig. 7a, taken along the line

a-a,
fig. 8a a plan view of a memory cell in the memory device in figs. 7a and 7b,
20 fig. 8b a cross section of the memory cell in fig. 8a, taken along the line C-C

fig. 9 a cross section of the memory device in fig. 7a with a different
embodiment of the memory cells,

fig. 10 a third electrode means in the memory device as used in the apparatus
according to the invention,

25 fig. 11a a variant of the memory device as used in the apparatus according to
the invention,

fig. 11b a cross section of the memory device in fig. 11a, taken along the line
A-A,



according to the invention, 25 fig. | la a variant of the menory,dgiyCioegs
used in the apparatus according to the invention, fig. 11 b a cross section
of the menory device in fig. 1lla, taken along the line A-A 24 MAY 2006 7
fig. 12a a preferred enbodi nrent of the apparatus according to the invention
in a stacked configuration, fig. 12b a plan view of a nenory cell therein,
and fig. 12c a cross section taken along the line CC of the nenory cell in
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in detail i th rou% I'scussion o conponent i ments
t hereof as whostackadclkaligugeiios figures. Fig. | shows a cross section of an
el ectrode neans in the apparatus according 10 to the invention. The

el ectrode nefips1Eb agslanrviewsofa muthery ofll pesraid,eindel ect rodes el whi ch
appears as strip-like in the plan view of the electrode neans in fig. 2.
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i nsul ati ng tThe abbhfatdaabesding o ek pmenSionslel howtwexplainedimbteil t han
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el ectrode nEER Horonghdiggussion of s sompqnent pgris andempodymen Sb@efeﬁ)

el ectrodes, yhsh@wvntihehé dsawiigd figutds.n-filmlayer or barrier 2a between the
el ectrodes occupies 20 only a small part thereof (if 0.15 mor |arger

| it hography SY=To bl | ST | | :
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feature f, téentaegbétweaba the seipacdtewlédtraxdes €1. The electrodes €1 are realized

15 with a height H and a width w, but with a fairly high aspect ratio H/w. The
insulating thin film 2a has a thickness & which is typically smaller than the
electrode width w and this implies that almost the whole area of an electrode
means as its footprints appear in fig. 2 is taken up by the electrodes, while
the insulating thin-film layer or barrier 2a between the electrodes occupies

20 only a small part thereof (if 0.15 pm or larger lithography is used; finer
lithography reduces this difference). An electrode means of this kind can be
fabricated by a method as disclosed in Norwegian patent application No.
20015509 filed 9 November 2001, which belongs to the present inventor and
hence the actual method for fabrication of a dense electrode means of this

25 kind shall not be elucidated in further detail herein, as the above-mentioned
application shall be regarded as included by reference. In that connection,
however, it is to be remarked that the electrode width can conform to a
minimum process-constrained feature f, the magnitude of which will be
dependent on e.g. the design rules as applicable in for instance a

30 photomicrolithographic patterning process. Anyway this implies that either
the electrode width w or a distance d from one electrode to the next in the
electrode means E1 shall be subject to a design rule of this kind, while this
need not be the case of the thickness of the insulating thin film which can be
deposited by processes unconstrained by any conventional design rule. It also

35 follows that the actual width of e.g. every second electrode €1 in the



dependent on e.g. the design rules as applicable in for instance,p
phot om crol i t hographi c patterning process. Anyway this inplies that eltmer
the electrode width wor a distance d fromone electrode to the next in the
el ectrode neans El shall be subject to a dgsign rule of this kind, while
this need not be the case of the thickness of the insulating thin film

whi ch can be deposited by processes unconstrai ned by any conventi onal
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rul e. Concerning the an vie ectrode nmeans with

recesses 5 3 forned d wnwar ds fro the top surfaces of the el ectrodes El
t her eof . Thegéméeeggégem%mwn ) Hpsgtod‘fﬁtd’&t egtrode MeARs WithIGCGFsES t he
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substantially rectangular c section. At the bottom of the recesses the
el ectrodes Eremammg@omtlpag@é thy electeades &l Whighegimidanly mapsph @Ysea‘wdlgmf 6h

over the SUbﬁhﬁfﬁ)ﬁnﬂatel?t 'Th’eCreéé‘ss%@eéﬁEﬂd"frdrﬁQhe‘mp|sﬁrﬁ|6e*oﬂthe , the

nmagni tude of hosen as about 50%of H This is seen to advantage 15

infig.1® mclm'tmd@mlaartd dewnavarditewagds thf‘eSlétSétﬁte byeamameynth and haye ao
taken al ong Eﬁ‘ﬁs&hhﬁ&llﬁr@@tahgtﬁp}r*‘&bsé"@éﬁfon v,aueerecbatt&mme%&@svsfeg QRe of B.

Now t he el ectro e recesses 3 are_covered (X an insulating thin

filma4 and aclastiodgs allewill bedridgaksbra sestipnitberepfexsengesttaa heightsdl or ned
by deposi tedo@%:?ﬁ{ Qe RL r'If'isﬂonl't)e gﬁdéﬁ?@&?ﬂr}t%ﬂéoﬁmm!}ﬁtﬁeoss section

of 20 the el ec e nmeans Ep g@ e insu idg thin film4
can be any tagnéidei ef b may beichosen as ahout Hto of BE dripiiy s¢en twadrrbage

ferroel ?§tr'?n?i{§23%ﬁ&ﬂ{§’ﬁoxb§‘h Bb%é’%d{ﬁﬁ%fﬁ{eel%ggﬁﬁave El'gt% 7 After

t he el ectrodes secon ectrode neans een S|ted in
t he recessestakenalengrballing AgAs i ather wonds; é’l@t«’@(ﬂt&m’avﬁh? dasestipmrel B. wher e

not covered Ry li’@e e%rbn%%?sélt@ﬂh%ggr%@&%? 3Ea éd"b§ dheﬁl\éﬁﬁltﬁlrﬁsﬂ{lﬂ(:t ure

as shown in fig rooves are now Forrred e rem
portions of flﬂm 4 @odseewoad electrode means E2 comprising electrodes €2 are formed

by deposited electrode material in the recesses 3, as shown in cross section of
20 the electrode means E1 depicted in fig. 4. The insulating thin film 4 can be
any dielectric thin-film material, but preferably it could be a ferroelectric or
electret thin-film material, of which more later. After the electrodes €2 of the
second electrode means E2 have been deposited in the recesses 3, the
insulating thin film 4 is etched away everywhere where not covered by the
25 deposited electrodes €2, and this leaves a structure as shown in fig. 5. Empty
grooves 3a are now formed in the remaining portions of the recesses 3
between the electrodes €1;€2, leaving the portion 4b of the insulating thin
film 4 at the bottom of the recesses 3. The sidewalls of the recesses 3 in the
electrodes €1 are now exposed. The grooves 3a are then filled with a memory
30 material, e.g. a ferroelectric or electret polymer material 4a, which shall
extend along the grooves between electrodes €1 and €2 as shown in fig. 6. If
the insulating thin film 4 originally was a ferroelectric or electret material,
also the portion 4b shown at the bottom of the recesses 3 below the
electrodes €2 will now be a memory material similar to that shown as 4a in
35 fig. 6.



bet ween the el ectrodes El;E2, |eaving the portion 4b of the ins%‘%kqg@wi n
film4 at the bottomof the recesses 3. The sidewalls of the recesses I n
the electrodes E1 are now exposed. The grooves 3a are then filled with a
menory 30 material, e.g. a ferroelectric gr electret polyner material 4a,
whi ch shall extend along the grooves between el ectrodes E1 and c2 as shown
infig. 6. If the insulating thin film4 originally was a ferroelectric or
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establishing a (gl eﬁ% ric potenti at tqer etween fand ver the rrerTFr
mat eri al 4a,re8E?? yafh the glemoryymatenal ju the form qfa BolyInener aicoRal e ar i zed
or sw tched Fig. dbfshemeni sectio® chiroagh. fighEa fakiehi £10ngfthé NimerArandelik netw 4a
can e.sﬂg be sw é@% in ? .lateral di recltion rel itlve o, the %i.egsion of
the merory &GN Y PRHBDEOIET BHER BIORER bAnK - aHD £5 APUSBRIERN 4b at
tﬂe bf)t tom ]ga‘leidaﬁ; p@t@ﬁﬁa}j tharabetvixensad ghexfit_liermgnwryeﬁau?@m [der ppridhellar Ito
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bot t om Schella{ergﬂgﬁlegtiglrf ?el%ltﬁr%tt%otgg extension of the memory device while the
20 optional portion of the memory material 4b at the bottom of the recess 3 can

be switched in a direction perpendicular to the plane of the memory device

or, as implied by fig. 7b, in the vertical direction. By doing so, three

“subcells” can be switched simultaneously, whereby a signal three times

larger is obtained, while the area of the bottom subcell equals the electrode

25 overlap area and the area of the two side wall cells equals 2wh. The latter

case thus introduces an extra dimension as compared with vertically switched

cells as known in the art, which implies that cell footprints will be

independent of an applied design rule.

Figs. 8a and 8b show a memory cell in a memory device in the apparatus

30 according to the invention in closer detail, with the switching directions
indicated as applicable and conforming to the legend given in connection
with figs. 8a and 8b. Fig. 8a shows a plan view of single memory cell with
the electrodes removed and it will be seen that all the memory material in the
sidewalls can be switched in the lateral direction, while the memory material

35 in the bottom can be switched in as “vertical” direction. This is also shown to
advantage in fig. 8b, which shows a cross section of the memory cell 5 in fig.



25 overlap area and the area of the two side wall cells equals 2phy,1hgy
| atter case thus introduces an extra di nension as conpared with vef\ticaPI y
switched cells as known in the art, which inplies that cell footprints wll
be i ndependent of an applied design rul € Figs. 8a and 8b show a nenory
cell in a nenory device in the apparatus %O according to the invention in
closer detail, with the switching directions indicated as applicable and
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of thirty | ogrbéiansan 8¢ sweithedahithadd gird@idtsyatC£tdtal o thipty [dtasivnk bt feh
direction maé%nog) be obt ai neﬂ by providing a third electrode neans E3 in
the menory desfiRablememeryselisat us according to the invention. Fig. 4 shows
how the top surfaces of the electrodes el, e2 of 20 respective el ectrode
means El, E2Adfoargr switdbmhgndirbetaon imesuhawibegobtaimed by providingiacthiml g. can be

formed by a fiarf 89k ¢5iddsCE 9 in $hé %Jn%r;ﬁEéGiEX if%hé %ﬁgratus according to the

invention. Fig. 4 shows how the top surfaces of the electrodes €1, €2 of

20 respective electrode means E1, E2 are provided with an insulating thin film
4, which e.g. can be formed by a ferroelectric or electret memory material,
e.g. a polymer or copolymer material. At least on the top surfaces of the
electrodes €2 the insulating thin film shall be a memory material, e.g. of the
latter kind, and corresponding to the portions 4c¢ as depicted in fig. 9. Now a

25 third electrode means E3 which actually is similar to the first electrode
means E1 apart from the electrodes €3 of the former having smaller aspect
ratio, is provided over the insulating thin film 4 with the electrodes €3
oriented in the same direction as the electrodes €1 of the electrode means El,
such that each electrode €3 of the former registers with the similar

30 corresponding electrode €1 in the latter. The electrodes €3 in the electrode
means E3 may for instance be provided on an insulating backplane 1’ as
shown in fig. 10. Thus a memory device is obtained as somewhat
schematically depicted in plan view in fig. 11a which should be contemplated
in conjunction with fig. 11b, showing a cross section through the plan view

35 in fig. 11a taken along the line A-A and seen in the viewing direction from
B. Each memory cell 5 defined in the usual manner and can as shown in fig.
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pol ymer or material, e.g. a ferroelectric or electret material, preferably a polymer or

20 copolymer material of this kind. Hence memory devices similar to the one
shown in fig. 9 are stacked on the top of each other forming a stack S1, S2,
S3 of memory devices of this kind, and it will be seen that the electrodes €1
of an adjoining memory device now performs the function of the electrodes
€3 in the memory device shown in fig. 11b. In other words an apparatus

25 according to the invention as shown in fig. 12a with stacked memory devices
will allow polarization and switching of the memory cells in four directions,
viz. two lateral directions, and two vertical directions and at four separate
locations in each memory cell. The apparatus shown in fig. 12a can in other
words be much simpler than an apparatus based on a memory device

30 configured like the one shown in fig. 11b.

Fig. 12b shows a plan view of a memory cell 5 in the apparatus in fig. 12a
with the electrodes removed and the switching directions indicated according
to the accompanying legend. Fig. 12¢c shows a cross section of the memory
cell 5 in fig. 12b taken along the line C-C and clearly shows the switching

35 directions as well as the box-like structure of a memory cell 5 in the
apparatus according to the invention. Any memory cell in a memory device in
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or 4c. The thickness of the memory material therein is of course not limited
20 by any specific design rule as it can be applied by various methods
well-known to persons skilled in the art and with a thickness as described
ranging from a few nm and upwards.

It should be noted that the apparatus according to the invention is not
restricted to the exemplary preferred embodiments disclosed herein above.
25 Other variant embodiment can be devised within the scope of the invention.

The proposed concept introduces a novel cell architecture allowing the
application of a field in the direction lateral to the (circuitry) substrate (if
hybrid design). This can be combined with vertical field applications,
potentially at the same time. Multi-layer memories can be built with just one

30 polymer layer/deposition, optionally applied as a last process step (no metal
or other material deposited on the polymer), thus avoiding the described
problems related to successive processing on polymer.

A memory matrix based on lateral switching can be made in a number of
ways. A preferred embodiment is the following procedure: A thin insulating
35 layer is deposited on the silicon wafer (e.g. SiO, or polymer ferroelectric



then menory material 4a may be deposited with a correspondingly k@ﬁg@gzmm
t hi ckness and the sane of course, also applies to the nmenory cell portions
4b or 4c. The thickness of the nenory material therein is of course not
limted 20 by any specific design rule asl§t can be applied by various

met hods wel | -known to persons skilled in'the art and with a thickness as
described ranging froma few nmand upwards. It should be noted that the
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20 such that the insulator material between all three electrode sets is exposed

and thus a complete insulation is achieved between each of the electrode sets,

the result being a crosspoint matrix array where the bottom electrodes are

planar to the top electrode. The insulator material is then etched away down

to the bottom level of the top electrode, and filled in with the memory

25 material (e.g. a ferroelectric copolymer), either through traditional spin
coating or an alternative technique, e.g. dip-coating from melt.

The latter etching and fill-in steps can be avoided if the insulator material is
a ferroelectric material all the way or only in case of the top insulator
material. The benefit of this is that there are no problems with polymer

30 material filling of the narrow openings between electrodes; the drawback
being that polymer material will be exposed to processing. The ability of
polymer material to penetrate the narrow openings between electrodes may
be facilitated by using electrostatic or similar attractor techniques, and also,
because the bottom of the openings will always be an insulator material, the

35 PVDEF-TrFE film does not have to penetrate to the bottom of the openings.
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20 when using higher resolution lithography. All of this improves cell fatigue
during switching accordingly.

The storage density of this first electrode structure corresponds to 2f* or f*. If

dense electrodes are used as the top electrodes, only two masks steps are

involved. This compares well with the vertical architecture, which shall need
25 two (or four) memory layers and 3 (or 6) mask steps to achieve the same.

When this first “layer” is built, additional layers may be added in various
ways. One is simply depositing polymer film on top of the first structure,
then building a new “bottom” electrode set on top of this. Thereby the top
electrode in the first structure will combine with the bottom electrode in the
30 next to produce an extra, 2f (or %) memory layer (albeit with just one cell
area/cell). Since this only requires one mask step, the resulting stack,
representing a full f* (or %f*) density, only involves 3 mask steps, while with
the vertical architecture the same density would require (counting all mask
step excluding via masks) 6 (or 12) mask steps (2 double or 4 double layers).



The fact that both sides of the top el ectrode switch simultaneous)yssVBfgs
that the effective cell area is doubled and that the signal/noise ratio
(SNR) 15 thus is inproved by a factor of 1.42. The effective cell area may
be further enhanced by meking the bottomlgmd top el ectrodes thicker, since
the cell area equals the cell length wtinres the cell height h. ThIS fact
accordingly allows an arbitrarily large cell area irrespective of the
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“finger”-like extensions, one lithography step apart and extending from the
electrode. Onto these electrodes another set of electrodes are built, at the

20 same plane (on the same substrate level), by allowing these top electrodes to
“climb” over the bottom electrodes at each crossing. The cell is defined as
the area where the finger-like extensions overlap with the top electrodes, thus
the distance between them deciding the “film thickness”, that is, the lateral
distance between the finger-like extension and the top electrodes

25 representing the coercive field required. In order to make this sufficiently
short (preferably less than 0.06 um), which is difficult to achieve with
lithography, several approaches can be used, one being to “misalign” the top
electrodes relative to the bottom electrodes, say with less than 0.06 um, the
misalignment/displacement then constituting the “film thickness" in a

30 vertical cell structure. Alternatively the dense electrode/barrier layer
approach may be used.

Variations on the above can be used to achieve a higher area density for the

cells, one being to position the finger-like extensions farther apart, e.g. two

lithography steps apart, thus allowing switching on both sides of the finger,
35 since now there will be two separate top electrodes surrounding each side of



connections, there are technically no limts as to how many Iaye£§hﬁggb&ﬁ
stacked in this manner, different fromvertical architecture where

pl anari zation becones increasingly difficult to achieve with successive 15
| ayers. An alternative approach to build héterally switchable cells is the
following. First the parallel bottomelecCtrodes are built, each el ectrode
fitted wth "finger"-like extensions, one |lithography step apart and

extending fr CH s C I .
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crossing. The cell is defined as the area where the finger-Ilike extensions
overlap with the top el ectrodes, thus the distance between t hem deci di ng
the "filmthickness", that is, the lateral distance between the finger-Ilike
extension and the top el ectrodes 25 representing the coercive field
required. In order to nake this sufficiently short (preferably |ess than
0.06 m, which is difficult to achieve with |ithography, several approaches
can be used, one being to "msalign" the top electrodes relative to the
bottom el ectrodes, say with less than 0.06 m the m salignnent/displacenent
then constituting the "filmthickness"” in a 30 vertical cell structure.

Al ternatively the dense el ectrode/ barrier |ayer approach may be used.

Vari ations on the above can be used to achieve a higher area density for the
cells, one being to position the finger-like extensions farther apart, e.g.
two |ithography steps apart, thus allowi ng switching on both sides of the
finger, 35 since nowthere will be two separate top el ectrodes surroundi ng
each side of 24 MAY 2006 16 the extensions. It is also possible to use the
dense el ectrode pattern concept to build denser top electrodes to achieve
an increased cell density. 24 MAY 2006 17 CLAIMS 1. A matri x-addressabl e
apparatus conprising one or nore nmenory devices with nulti-directionally
switchabl e nmenory cells (5) arranged in a passive nmatrix-addressabl e array,
wherein the nmenory cells (5) conprises a 5 menory nediumin the formof a
ferroelectric or electret thin-filmnmenory



materi al capabl e of being polarized by an applied electric field,gpdy 2006
exhibiting hysteresis, wherein at |east one nenory device conprises at

| east two and not nore than three electrode neans (E), wherein the first
el ectrode neans (E) of said at |east one nory devi ce being either the
only menory device of the 10 apparatus or 'the first of two or nore nenory
devices therein, is provided on an insulating substrate (1), and wherein
t he apparatu§:nﬁnﬁgaracterized in that the first el ectrode neans (El)
conprises pa %1 el’” strip-like electrodes (el) of width w and height h

spaced apart _and nutually _electrically insulated by a portion (2a) of
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menory surface thereof and oriented perpendicularly to the longitudinal axis of the

20 electrodes (e1) with a width about equal to the electrode width w and
extending downwards from the top surface of the electrodes (¢1) to a
distance h about one half of the height H of the latter, said recesses (3) being
mutually spaced apart by a distance approximately equal to the width w of
the electrodes, that at least the side walls of said recesses (3) are covered by

25 a thin film (4a) of the memory material and the bottom surface thereof with
the insulating thin film (4b) which optionally also can be formed by the
memory material, and that electrodes (¢1) of the second electrode means (E2)
are provided in the recesses (3) contacting and interfacing the thin-film
memory material (4a, 4b) thereof, such that the memory material provided in

30 the recesses (3) forms the memory cell (5) of the memory device, a single
memory cell (5) in each case being defined in the volume of the memory
material located between an electrode (g1) of the first electrode means and an
electrode (€2) of the second electrode means at the crossing thereof, whereby
a memory cell (5) can be polarized and switched into lateral directions

35 perpendicular to the side walls of the recess (3) and in a third direction



device conprises a third electrode neans (E3), 5 characterized i%‘mq}z(ﬁ,@
insulating thin film(4) is provided over the top surfaces of the

el ectrodes (cl;e2) of the first and second el ectrode neans (El;E2)
respectively, said insulating thin filmip,at |east a portion (4c) covering
the top surfaces of the electrodes (62) of "the second el ectrode neans (E2)
being formed by the nenory material, that the el ectrodes (e3) of the 10

third electr 0
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of the latter between an electrode (e1;e3) of the first and third electrode
means (E1;E3) respectively, such that a memory cell (5) can be polarized and

20 switched in a fourth direction perpendicular to the top surface of an electrode
(€2) of the second electrode means (E2).

3. An apparatus according to claim 2, wherein two or more memory
devices are provided in a vertical stack,
characterized in that the top surfaces of the electrodes (g3) of the third

25 electrode means are covered by an insulating backplane (1'), and that each
memory device are provided stacked one above each other separated by the
insulating backplanes (1'), whereby the apparatus is implemented as a
volumetric data storage apparatus.

4. An apparatus according to claim 1, wherein two or more memory

30 devices are provided in a vertical stack,
characterized in that the first electrode means (E1) and the second electrode
means (E2) of a memory device each are provided in registering relationship
with respectively the corresponding electrode means (E1;E2) in any other
memory device in the stack, that each memory device in the stack are

35 separated from any adjacent neighbouring memory device by insulating thin



insulating thin film(4) at least in the portions (4c) where el es} R8€es006E2)
of the second el ectrode neans (E2) cross the el ectrodes (61) of the first
el ectrode neans (ElI) in the adjacent neighbouring nmenory device being 5
formed by the nmenory naterial which in thege portions (4c) can be pol arized
or switched in a fourth direction perpendicular to the top surface of the
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menory mat er
the electrodes (81) of the flrst electrode means (E1) in respectively the actual

memory device and an adjacent neighbouring memory device in the stack,
whereby the apparatus is implemented as a volumetric data storage apparatus

15 with the first electrode means (E1) from a second memory device in the stack
onward as a third electrode means of the underlying neighbouring memory
device.

5. An apparatus according to claim 1,
characterized in that the insulating thin-film material (4) is a ferroelectric or
20 electret material.

6. An apparatus according to claim 1,
characterized in that the memory material is a polymer or copolymer
material.

7. An apparatus according to claim 1,
25 characterized in that the insulating thin-film material (4) and the memory
material is the same material.

8. An apparatus according to claim 7,
characterized in that the memory material is a polymer or copolymer
material.
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