9 JUNE 2006 1 Apparatus and nethods for data storage and retrievab ER
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present invention concerns a data storage apparatus with means fof ™ "sUOrI ng
and retrieving data in respective wite and read operations, wherein data
are stored in a non-volatile manner as polarization states in ferroelectric
5 or electret nenory cells, wherein the nénnry cells are provided in a
passive matrix-addressable array, wherein the nenory cells can be

i ndi vi dual | yf?@ﬁgmﬁsﬂdﬁhgﬂﬁdfaﬂ a'n%tfaO{m%gé gn%nrdetrrmloper ations, the

addressing o nenor pl'ace®via crossing el ectrodes of a
respectively first and second el ectrode sets, wherein eag? elec%gode set
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pi ezoel ect rier geofragmededdyscdlty, wiidredh thepeaioronrgllisrmrt peoajieal it apassicer di ng
to claim1. 15 M f deyj ces basgd on  ferroel ectri(lﬁc or.el.e tr.gt ol yner
meter i al havBAhAg e ARl CEeY. ViRt mettory el 5 hE didualy o
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production, |ow tenperature,processin | ow.cost , A ] ta are
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pol ari zat i orse20ndwiéctgodd ectsendheopiaraichariecméds sett compeissapyrdlelw i t e back
the information for fu [ .Steragei.n estr ' node
of thi sl%ki ndStﬁge'h %ggelcﬁlg)gil%é 5?186 tﬁgtn?ea%%&?%gﬁngﬂgﬁe ﬁ&g[ S%ﬁ‘uép g#@éﬁa[lﬁg‘q%umer
of fatigue ogrié¢rsd arehagcedhlyotor thactlestrddesdhd Ethe Sdvenidatettpa nmethoddpresent a
problem sin roel ectrl . el i I i.f.hst and
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pol yrmer fil nelainhde amdammethbdifot helipgwairscansienpelicotri¢ starage ealedpr agites t he

conpl exity O(;petrgﬁf)ng‘ﬂﬂﬁegp}é&?ﬁ#%‘{&fimr&lrangPCh wite back. The

destructive r'ea er s ocess (typically hundreds of

nanosecqonds to several m croseconds, subject to applied field). This inplies
30 that wi £ IVEEATH ARG Pased o CEEBFIFREIC R R algmes mUSHREIRLE o

nunber of  NBRAY adPBhiagat] IRE snUCEeld$ob@PIMACEABk frRSd ARENGrySRAMTENDI Y.
Finally, whe(r cel{.ll.s are reduced in,size, . the {)edu ed C@{cgnal strength may
make it di fA9ARLRRIEY 19 AptlatoerRel PEPYHEIOMENGEY ORSFEPERMIEION A@War ¢ ~ desi gns,

or use at  temperature processing, low cost, etc. Typically, data are read from the

memory by so-called destructive readout, where reversal of polarization

20 during the read operation makes it necessary to write back the information
for further storage in the memory. A destructive read mode of this kind is
undesirable for many applications; for instance, the number of fatigue cycles
related to read is doubled. The latter may represent a problem, since
ferroelectric or electret based memories only can withstand a finite number

25 of write cycles. Furthermore, having to switch the polymer film twice means
that the power consumption is increased, as is the complexity of the required
circuitry enabling such write back.

The destructive read itself is a rather slow process (typically hundreds of
nanoseconds to several microseconds, subject to applied field). This implies

30 that with destructive read the polymer memory is not suitable for a number of
major applications, such as replacing fast cache SRAM memory. Finally,
when cells are reduced in size, the reduced signal strength may make it
difficult to implement polymer memory in state of the art designs, or use at
all with ultra-dense lithography (< 0.15 um).



all with ultra-dense lithography (< 0.15 um. 9 JUNE 2006 2 It isqoWeNEg2opewn
that many ferroelectric and electret materials, including both %

wel | - known PVDF (pol yvinylidene-difluoride) and the copol yner PVDF Tr FE
(pol y(vinylidene difluoride- trifluoroethylene)) have piezoelectric
properties. In that connection there can be referred to Sessler 5 and
Gerhard-I\/UIthaupt (editors) E ectrets Vol. 1 and Vol. 2, Chapt. 5, 8, 11

and 12 (3rd I |
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access spee bl e voltage |evels, requenC|es detection
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pol ymers may OP te in the
erial, preferably e.g. poly(vinylidene difluoride-trifluoroethylene)
20 (PVDF-TrFE), such that activation of a memory cell would take place either
pyroelectrically or piezoelectrically, respectively by means of an applied

heating current pulse or by applied pressure or tension.

Employing matrix-addressing, the proposed write and read methods
according to EP-A2-0166 938 moreover would allow a parallel write/read.

25 An attainable storage density of 10® bit/cm? is stated. It is indicated that the
access time for a pyroelectric read would be of the order 10” s. No indication
is given for attainable access times for readout based on piezoelectric effects.
Furthermore there is no indication in this application of the attainable
performance in the small-signal range, neither with regard to access speed,

30 applicable voltage levels, frequencies, detection reliability and noise
immunity. However, since it is envisaged that non-destructive readout
methods for memories based on ferroelectric polymers may operate in the
small-signal range, particularly attainable signal/noise ratios and detection
Jevels will be of major concern.



snmal | -signal range, particularly attainable signal/noise ratios a@gUNE2006
detection levels will be of major concern. 9 JUNE 2006 3 Hence it

maj or obj ect of the present invention to provide a data-storage apparatus
al I owi ng non-destructive read operations hased on piezoelectric effects
that can be obtained in a ferroelectric or electret nenory material. It is
al so a maj or object of the present invention to provide a very fast 5

non- dest ructiye.J gagQuhatRIdEc0aeaR AUSBACRRE ﬁﬁhrtbcpr%fvitﬁﬁgﬁﬁa%gtd?%%@ nuch
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the first set of electrodes conprlses a plurality of 10 parallel trenches
ext endi ng hari.zont al | ona or| t he ctrodes and
vertically 8[ agloo?sn%r] Cgﬁ?éfﬁ %sgnk Hbv 1‘0%%08%0\’(3 ta¥1cr§etla ess t han
the thi 6knesrmmﬂeuhwctweacd:ardwesnahddﬁmweahgmamsmd»slteah‘ﬂc afflegts amt patigoiuah
profile, that at Le ry material is

provi ded in lmpéovﬁgﬁi%%ﬁ/gaoﬁéé 20\1/0e§5 88819?%”‘@6‘?%%2? rg?ﬂle)r eof, that the second

15 set of electrodes s provided as a dual set of electrodes each
conprising b abees obisicks as avall axburtheroleatiugs ian dadvanta egscaresachie sshr al | el

therew th angdityu aﬁﬁ%ﬁo%@rpa(f%%%koi/ﬂlh tbhﬁe%'r@%rft(?ﬂﬁént%n seighfis rst set,
that the ferroelectric [ in‘at |least a O;tIO of the

|
vol ume of t H&aragtergaddn fbat @@cﬁaﬁtéap ﬁﬁekﬁ&roeﬁé@pmws aplakey Phel ectric

or el equret gmhREl @bndtePOtREdM SR zZO tallyaSith Gnf @rrth@gd)@atdm@nt@noﬁlt@qhé et
material wt i ezoel ectri

P C ertie nd in addition ovidi electrlcal
hsul ati on HUETEaRcs Wl Vericeal PodBS Ny in o Fa cdnd S HRTeR) Grded
the first sdkss ert%lé}’thﬁdlﬁleshWfﬂh@'e@@dtfcﬂﬁ@sarﬁlfhé\hﬁ Seeﬁﬂmﬂaﬁt%lljdnder a
sui tably applledf rce n§1 |%§Iac Iyllnt e soft fe{ ?Iectrlc
or el ect ot Tarmer i o SRt BderiasTitbRan o S B o matera
pi ezoel ectr lp;roefdeeicin il weneiatad t@@d‘r&iglthe siddwiahiatthepd of, siefttthésecord ectric
or el eg retesg? g be thh pi ezgf?diectrldc pro I’ltl es in th?1 vol umes bet ween
the twi PO ELECEdasHs RIBYHIRG dbt dUALSCL HIEPRBAFbFRANSOMRESHIE st set
f?r gs subce: zﬁranél i @reanbylecphb\sldea 1ﬁaagi trtahelmhasd aaalthlshbtmﬂ;ﬂtls Iagaloabl e
of being pole avvrlteo ap n electrjc fie
bet ween resp‘@&t1 mtu\}\}l"h1 %Qnéé g‘i‘st%ﬁﬁgg%tf%%%s ‘%Xala ltrsf){ﬂgﬁ aLE he first
set, such t Hatroehectriemateredlis pravidegahait ileasd at porsioor ef e volume of the
trenches not occupied by the electrodes, said ferroelectric or electret material
20 being a soft or elastic ferroelectric or electret material with piezoelectric
properties and in addition providing electrical insulation between the
electrodes of the second set and the electrodes of the first set, whereby the
twin electrodes of the second set under a suitably applied force can be
displaced laterally in the soft ferroelectric or electret material with
25 piezoelectric properties such that a piezoelectric effect is generated therein,
and that said soft ferroelectric or electret material with piezoelectric
properties in the volumes between the twin electrodes of the second set and
the electrodes of the first set forms subcells of the memory cells in said
trenches, said subcells capable of being poled for a write operation by
30 applying an electric field between respective twin electrodes and crossing
electrodes of the first set, such that the memory cells are polarized to store at
least one of two or more logical values in the form of a set of polarization
states in said subcells and can be read non-destructively by applying voltage
potential between the twin electrodes, and/or between at least one of the
35 latter and at least one of proximal electrodes of the first electrode set, and
over the ferroelectric or electret material of the subcells which are subjected



| east one of two or nore |ogical values in the formof a set of pehakkaghd on
states in said subcells and can be read non-destructively by applying
voltage potential between the twin el ectrodes, and/or between at |east one
of the 35 latter and at | east one of proxjmal electrodes of the first

el ectrode set, and over the ferroelectric or electret material of the
subcel I s which are subjected 9 JUNE 2006 4 to tensile and/or conpressive

stresses engBliLpgd Qﬁﬂf%@tc%gﬁ%&@si% s?taers?&e&%tﬁir}%ﬂ{é Héﬂ%@¥i¥)h% Sﬁa{}ﬁmeters
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stored in a cont al ni ng the subcells can be ermn
obj ects as VBEIsuhgelsipf Banemesy gelscaanke boghenddlke logical veluequnvadyed with a

met hod whi chyhsdCiped l?dl%tsrﬁ%f;)z@@ll ewniafﬂﬁinrg%lél%wocens@ah%eb@éteanim.for med by

subj ecting the subce . the menory cells selected for read operations to
ol ari Ty and 55 AHRBNPECME Bt N5 bbb (FAhRS pdriR AR soteas® o curr ent
from sai d sulehédvesd withr @spohsé wluchtis @hamcteszdd bypghé remdduteot dgiplbetag i on of
Further T ettt BT aURARTREC s bR s e R T Hosrb i EREY ReRRleB R aRig b s
of pi ezoel eaipeirationsro yersélel and/or campbessive Enceah doparairrarn detedtien appar at us
ol i ng 'Sach THAYE bR Gbd R P A5 abugp 8t piPh Bt AP RaBI e Srdae

ort hogonal | yorreiratritvigomosaitisubwells @ ectpoadeso stppusiasglieeag firarithe of t he

e el zea AR icHOR S BEFRERYR RELSIBHAERIE ARG, Flu ires and advant ages
R R T G R
various prefcpiged @X@nPhidtio€ TopgblAptpaiRnst piekbeleetet ensfofocéiief@ppended
dr awi ng_fl gures,, of  which 25 | an vi ew

figs. 1 a-and 1 show respectively a
and cr 56 SSRTHAGERUBRofdRaHE HRpdru Areorded AS th iYergion aad sfB gD Vi o
of a menory meldg aetiRyd chatctérisdd bp?@ii@@r@@h&tﬁ»pdf tenpaiefintdie @pres at us
according to the Br esent inventjon i Sl 261 {amd Zt% corres Oﬂdld’l%| y a
schematic vaqlyrg dgectipas gﬁxg%qd,@ﬁpogﬂga ly relative to the twin electrode
opposing each cell of the pair, whereby all four possible permutations of the
poling directions can be realized in the two cells of the pair.

20 Further features and advantages of the present invention shall be apparent
from the appended dependent claims.

The invention shall now be discussed in more detail in terms of various
preferred exemplary embodiments and with reference to the appended
drawing figures, of which

25 figs. 1a and 1b show respectively a plan view and cross section thereof taken
along line the A-A in fig. la of a portion of a memory cell array in a first
preferred embodiment of the apparatus according to the present invention,

figs. 2a and 2b correspondingly a schematic variant of the embodiment in
figs. la and 1b,

30 fig. 3 schematically shows a plan view of a passive matrix arrangement
according to the preferred embodiment in fig. 1,



figs. 1 aand 1 b, 30 fig. 3 schematically shows a plan view of a9p1]\6§§i2§@?\|
matri x arrangenent according to the preferred enbodinent in fig. E
2006 5 figs. 4 a-d show the steps of a poling sequence in a wite operation
on a portion of the nenory array in the ?pparat us according to the present
invention, figs. 5a,c and 5b,d respectively plan views and cross sections
taken along the 5 lines A-Ain figs. 5a and 5b, and schematically

illustrati n%%%ed, RId B4R e sPL Spgfcjig th@gseauéﬁ@éj b Wiled ?ﬁeﬁ@ﬁ%ﬂ%ﬁ) Y ent of

according to present I Vet in accor ance W

a net hod accmrdnormgoﬁﬁnetm@nmry%my in theeanpiasatusfacgerdipg taridequesedpecti vel y a
pl an vi ew anﬁ’lv@nﬁﬁﬂss section thereof, taken 10 along the line A-A of the

f ormer, a portroh of a second preferred enbodi rrent of the apparatus

accordln to.the_pres i,nvention S d ng of neno |1s
For o wr 't e BRorHbr 6RO RESRR B Hal vish's td Sflischidnd sa e alaheden

figs. 6& andh@é)s Af-Agl(;?pl figa %dndcsbbendgcaemhanallylllsmswmtdng ltmﬁpri?mlpied"o?d .
respective correspondin r.i rran an
b6 r espect PTG e Feadis it fhE ePBRETER Arruing ferEo prastRlinvelitipnt ade
l'ines A-A ofinfagor8anandican embosiimaht Ggaaanﬂattcbodlr@aﬁoathreqadeem in the
enbodi nent in fi 6a and 6b according to the present invention, and based
on a poling %ﬁﬂg%e as shown in figs. 7a-d. 20 The general background of

t he present invention shall now be briefly nentioned, with a nore
conpr ehensi viBgsli G ad idbricepeetiecly drplonsvipheinst # stossevassivinnereototalane

appar atys an&loﬁgttﬁeqﬁleagcmﬁﬂ (e ffo9mfePeor Qx)%%bﬁ”&ftaosecfoﬂh eﬁ}‘é’féﬁ'é& her bel ow.

Basi cal I y the esent invention permt formati on cant In ferroelectric
or 25 el ect¢BPOfERMBRYOLE @naéa%@ erC@aardlagttOrrbﬁ PIRSIUBYEREPY, by enpl oyi ng
t he piezoelectric effect in ferroelectric or electret materials to generate
a physical figs \/Tang therpodingnof nt&invdrquumllsnm“mrwmelobsratmm in chadembdotirhbet

Phoce col 1 o.0f tasrahia SR elBRRER el GEREY el dsu Bt PEOREY B O

driver and 3@iemeand Yigsel/ksandaid bespleatitie @otredposéding matrax passigeendrds ri X
addressabl e gI&yk, and

figs. 8a,c and 8b,d respectively plan views and cross sections thereof taken
along the lines A-A of fig. 8a and 8c, illustrating a method for data readout
in the embodiment in figs. 6a and 6b according to the present invention, and
based on a poling sequence as shown in figs. 7a-d.

20 The general background of the present invention shall now be briefly
mentioned, with a more comprehensive discussion of the various preferred
embodiments of the apparatus and methods according to the invention to
follow further below.

Basically the present invention permits information content in ferroelectric or

25 electret memory cells to be read out non-destructively, by employing the
piezoelectric effect in ferroelectric or electret materials to generate a physical
driving force on individual memory cells, and to detect the polarization
(logic-state)-dependent piezoelectric voltage response from those cells.
Generic architectures are described, whereby piezoelectric driver and

30 memory cells can be laid out densely in a passive matrix addressable array.
These architectures involve polarization of ferroelectric or electret material
in a lateral direction, i.e. parallel to the supporting substrate and combine
micromechanical structures, resonant or non-resonant, that are compatible



These architectures involve polarization of ferroelectric or elecg e

. . . . : E 200
material in a lateral direction, i.e. parallel to the supporting su Strate
and conbi ne mcronmechani cal structures, resonant or non-resonant, that are
conpatible 9 JUNE 2006 6 with | ayered stagking of nmultiple nenory
structures, to provide high volunetric data storage densities. Various
preferred enbodi nents shall now be discussed. It is to be understood t hat

drawi ng figu i d t of the
structural &?@ ﬁbﬁgk%hstlaL gf?%élng e;'@gffﬁﬁ?@ uglutn%lg t(pﬁera nci pl es
behind the vcml\umtmedatetstm@gmens@m» ng data ther efrom Mor eover for
sinplicity's sake the nenory material shall in the foll ow ng be terrred

ferroel ectriVarioaktprefigred Emcb@uﬁrdeﬁtssshablen@n el éistusdedmt & ioabe undé\cstwd Iy

ferroel ectri terial.s can proper ar ded. .a ubcl f ectret
mmer s, 1aEAEY g GRuh abRb A et At eaHana T RARR B SePOrEie
cell's accor dstn@ctutai mares pf efeeimved tiertapgpanetot, aid tmsagemmémmcn]ylemﬂmebmd V\/m | e

fig. 1 b sho 0SS _section thereo ken.al o the A- A . The

L ocation of Hesvghhioe faiBpy B rbAEhEdad AT e utt, Br SubbicEs

outli ne. Thesakerthy mémoeymateadéshall ingherfollawing be tex;medcﬁersreeleatxdual set of
el ectrodes b re enbe in, an | atin

nechani cal | yélyé)‘?‘fgr]hﬂoé%ﬂgsaﬁ%gﬁﬁlpeer F%tlretszlqurfaﬂng Agtug lé’n%ﬁr%el?%rlﬁed inthe
el ectrodes amat@$albeah prapetls tmeeparded aga subclabbef eladtect mhte2idls. t he trench
3 is preferably a ferroelectric polyner, which can be poled in an electric

field ofystre tl*& W@Q Qn 'V*iéw(b(?g{) ti¥g Jf‘a"h' era?(‘)?‘?lél recfcell& Bcordin

ferroelectrlc alns It l'ari zati on ion ands r%ngth
of 20 which me@m@@efrﬂesreéi ¢rahpduncnapiidici preseHonvenliani naileehsr Jb sBpws a

arrangenent cxfo%@géiu@a{ tﬁé}%oml{éd‘al‘i’) gltﬂwrﬁeeAtAng“he%*e@ﬁeﬁd)feA §iplgrodes as

shown partly in each ssing between an el ectrode and a
twin el ect r oBENERY 0@11 1 % aw«agltly,l,n,dlqah%éyrﬁ ditsbedoutlingl The gyl subcel | s

of a memory ggbirolie§al £¢. Aef!. ”‘%%ssie@fﬁ' Gad1egt BYe*PedtrocPéla) apfd c3"Wwhidh - |b.
Subcel s a., and a*"2 25" correspon to the vol)urre of erroe"l1 ectrlczagl yner
t

subj ect e toar&f‘rrah@d@cbm AR dnsylapgsmgghaniga M|Sp£tg@nql§ | NELETHE tWBEMNE he

conmmon el ectﬁmcﬁs Pd}%e@lrﬁﬂ{d@l‘é@&oﬁes an,aeﬁcbé‘s,t,can Heemcm ﬂ%' Yb. Yhél e these
subcells are small he cel corresggln%?eto t he . el o ated vol une of

ferroel ect rl@abfiﬂl%/lr?e%n Bt 3eks g esa Ferrogleatiac polymst, wht Bnelt ed to
a strong el egdledCnfdret kcwhe fiedd ‘é@'sh%ﬁgtkﬁ@mesed@@@hﬂsQQ)eb@ffv\éeﬁ@ldt [ndeapdled, t wo.
Pol i ng endow%etf%?rcfe ercrt(rjleclpe(\]ygnle% r%?alll‘\{s its polarization, the direction and strength of
20 which represents a logical value in a non-volatile memory cell arrangement
formed by the matrix of intersecting, embedded electrodes as shown partly in
fig. la. At each crossing between an electrode a, and a twin electrode set by,
and c,,, three piezoelectrically active subcells of a memory cell 1 can be

defined, indicated by o, a,; and B, in fig. 1b. Subcells a,; and o,

Q)
wh

correspond to the volume of ferroelectric polymer subjected to strong electric
fields when a voltage is applied between the common electrode a, and
electrodes by, and ¢, respectively. While these subcells are small, the cell B,
corresponds to the elongated volume of ferroelectric polymer between
electrodes by, and cy, that is subjected to a strong electric field when a voltage
30 is applied between the latter two. Poling endows the ferroelectric polymer
with a piezoelectric response, which in the configuration shown in figs. la,
1b causes the twin electrodes b, c,,, to move laterally in the trench 3 (i.e. in
the direction of the electrode a,), the exact direction and magnitude of the
motion being dependent on the poling direction in the ferroelectric material 2
35 and the direction and strength of the electric field in the subcells o,;, o, and

Bn .



Wi th a piezoelectric response, mhlch in the configuration shown |gJﬁNﬁ§ 0d &
| b causes the twin electrodes b,", cm to nove laterally in the trenc g
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menory cel | s2 el@g&qﬁ)d\g‘@ P €al el ectrode set bm cm. As is apparent,
dat a

Fig. 3 shows schematically a cross-point passive matrix arrangement

20 representing a preferred embodiment according to the present invention. Only
the electrode layout is rendered. A memory cell 1 corresponding to the one
shown in figs. 1b and 2b is shown within a stitched outline. This addressing
arrangement differs from the traditional passive matrix addressing schemes
of prior art in that the "vertical" electrodes now are the parallel twin

25 electrodes b, and ¢, 1< m <M, where M is the number of memory cells |
along each horizontal electrode a,, 1<n <N, where N is the number of
memory cells 1 along each vertical electrode set b,,, ¢, . As is apparent, data
can be stored at MxN crossing points in the matrix by appropriately poling
the ferroelectric material 2 in the memory cells defined at each crossing

30 point. According to the present invention, the data-carrying subcells of a
memory cell | are of the type a,; and oy, while the macroscopic subcells §,
are used for reading out the stored data (cf. below). As can be seen from figs.
1b and 2b, subcells a,; and a,; can each be poled such that the polarization
points either from the sidewall of the trench 3 towards one of the twin

35 electrodes by, or ¢, or in the opposite direction. This shall in principle
provide four different combinations of poling arrangements and would allow
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the subcell B, is poled to prepare it to function as a driver cell during
20 subsequent readout of data (cf. below). This is achieved as shown in fig. 4a
by applying a voltage +V, between electrodes by, and ¢,,. This voltage is
chosen to create an electric field in the ferroelectric material that exceeds the
coercive field, causing the ferroelectric material to polarize in the direction
shown by arrows in the figure. All crossing electrodes a,,.... are shown to be
25 maintained at +V,/2, leading to little or no polarization response in all
subcells o due to the strongly nonlinear hysteresis characteristics of the
ferroclectric material. This voltage may be chosen otherwise, or the
electrodes a,,... may be allowed to float, since the polarization states in the
subcells o shall subsequently be set during the writing operation. Fig. 4b
30 shows how subcells a,; and o, on electrode a, are poled for a write
operation to encode a polarization state which in this case is taken to
represent one bit of information, e.g. a logic “1”. As can be seen, the
voltages that are applied cause the polarization to be directed symmetrically
from the twin electrodes b,,, ¢, and outwards towards the sidewalls of the

o8
wn

trench 3, while the voltages on all the other subcells a along the twin
electrodes remains below +V /3, i.e. below the polarization switching
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ferroelectric material. This voltage may be chosen ot herw se, or the
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4b 30 shows how subcells an] and ant on el ectrode an are poled for a wite

operat | on 1 4y elG09E. i AIAHAR i trf%ner%o%ﬁﬁg W‘P'acllagwﬁttalf'é 500336 %hétrgaé%n to

represent one "the
vol t ages t hahsape b@mﬂenema:ag@émaltu@npolcmﬂsmmand oo fﬂar fdiee@@d@@nﬂ is

symmet ri cal lﬁév&fs% Wpéﬁ@dqoetlh%\ﬁ? F’ ﬁfbctrodecam e ‘[(’Wo‘ﬂt%g% %@Pﬁédtt@e

sidewal I s of 't vol tades on al subcel I s
a along the tmaiecm@wnbd@smawaarﬁsub&u@waww showndocply aw figetc, and

pol ari zati ong 3wt %ghﬂﬂet% ]#IQHEX %g%ﬁo%/nt iWﬁ%Q?l th flg g arécal%1 H‘@w‘hﬂﬁe%@?@f“ ng

of alogic state on el ectro can bée seen, epo arization in
cells a,,, areltages (ﬂ@)lpaéftréb?ﬁ?flidéh&t, wojild be aved seaviéenda @1& ate ke case for

el ectrode a1mgg{§?g§%§thlo?ma,r g glf},?ecsm)aﬂﬂﬁbzﬁgdtlﬁ th%@]t@h@&ﬂx‘é?j@esi:drﬂlérhe matrix

are inthis c and 5 far the conplete matrix
as shown in Wrigingao thg magix Br%ﬁe@ aug@né}mgmm fashioas C£f flgvéﬂtagagy(oﬁ

par ent heseS)néteatthMec&nhmm%@dmg H‘ﬁ]%éh%nﬁ ossmlé b'yrﬁ&n’hhi?n fRory cell 1
at a" (bm q"), .indjcated itched circl Further witing to the

matrix 19r ocd@dgrlzﬁtlanahWSflam lérpcnlcamd Fiag as wnthn%@b%‘eﬁ has ey b@ﬁat t he
mul tibit Codilrl%kégwér@i&sgpeéﬁjtmwsmwgoﬁ{mms%aqh@m%@l mk@goeszweitmen b,

directions in cel as nmentioned above, has naot been i nvoKed
here. O oserarsﬁcerutewﬁ?ecbngm\/ﬁ/ﬁaiurm theswaltingeaYdr1aswhiopayds thet tgeasd 588, and

cm exceedi Ng, FYP( &, iy umum%nw Sl LYRIErad HhONMimdrt Jfivhe presattd see,
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stitched outline. The twin electrodes b, and ¢, act as an exciter unit which
20 causes the subcells o, oy, for all electrodes along the length of the twin
electrodes to be subjected to compression/dilation along the local poling
direction in the ferroelectric material. As well-known in the literature, a
piezoelectric response is elicited from the subcells a,,, a,; with a polarity
that is dependent upon the poling direction. In figs. 5a and Sc are shown the
25 positions of the twin electrodes by, ¢, at two instants representing extrema in
a vibration cycle. In fig. 5a the twin electrodes by, c,, are far apart, and all
cells a,; and a,; along the length of the twin electrodes by, ¢, are
compressed laterally. In fig. Sc, corresponding to a later point in time, the
twin electrodes by, ¢, have moved to reduce the gap between them,
30 stretching the cells a,; and o, on either side. Via the piezoelectric effect
which acts cooperatively between cells a,; and o, at each electrode a, ..... ,
voltages are generated between each electrode a,..... and a suitable reference
(e.g. the average or median potential on electrodes b, and ¢,). The phase or
instantaneous polarity of these voltages can then be uniquely linked to the
35 logic state in each memory cell 1 represented by the crossing point between
an electrode a,...... and the twin electrodes b,,, ¢,,. Several distinct readout
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scheme in fig. 5 provides opportunities for |arge-scale parallelismand
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disturbing excitation voltages.

Example 3: Impulse detection

20 Instead of exciting the twin electrodes by,, ¢, with a sinusoidal or other
periodic voltage, a single step or delta pulse may be applied, causing
compression or dilation of the cells a,; and a,;. An analogy is piezoelectric
spark generators. This provides a very fast means of readout, since the transit
time of a compressional sound wave across the subcells o, and o, is in the

25 sub-nanosecond regime in typical memory structures.

Figs. 6a and 6b illustrate respectively in plan view and in cross section taken
along line A-A in fig. 6a a memory device structure which is quite similar in
many respects to those shown in figs. 1 and 2, but where the twin electrodes
bm. cm are excited in a different way during readout of data. Correspondingly,
30 there are certain physical differences in the overall structure, and in the

encoding (writing) and reading of data. The volume or gap [, between the
twin electrodes by, c,, is now filled with a material which in addition to being
electrically insulating and non-piezoelectric adheres well to both of the twin
electrodes, keeping them at a fixed distance from each other. Poling of the

35 subcells a,; and a,,; of a memory cell 1 at each electrode a,, a,+, a4+2,...
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8a and 8c. Again the location of a memory cell 1 with subcells a,..., B, is

indicated by a stitched outline. As shown, subcells o,~0o,+5 adjoining the

20 electrodes a,—a,+s have been poled such that when a voltage is applied

between these electrodes and the twin electrodes by, ¢, a net force is exerted

upon the twin electrodes by, ¢y, pulling/pushing them to one side. Applying a

sinusoidal voltage causes a right-left vibration of the twin electrodes b, ¢,

as a unit, as shown in figs. 8a and 8¢ at two points in time. Clearly, the
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number and positions of driver units such as those on electrodes a, and a,.s
can be selected in each specific case, to achieve adequate overall excitation
of the twin electrodes by, ¢,, without sacrificing too much memory capacity.
In fig. 8a the memory cells 1 on electrodes a,+;, a,+3 and a,.4 are encoded
with data that yield a response +V, -V and 0 V, respectively, at that point in
30 the excitation cycle. The voltages are generated piezoelectrically, and the
discussion on different modes of excitation connection with fig. 5 above also
applies here. One notes that the option of multibit encoding in the present
case to a certain extent mitigates the disadvantage of using a,; and a,,; cells

for excitation purposes.
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15 controlled materials a di nensions. A novel passive matrix architecture
exhibited here as the herein above-disclosed preferred embodiments would
20 be obvious to persons skilled in the art, and shall be claimed as included in

the present patent application.

The present invention provides a passive matrix-addressable array of memory
cells which in its overall aspects already is known from the prior art devices,
wherein a layer of memory material, e.g. of ferroelectric polymer, is

25 sandwiched between a first electrode layer with a first set of parallel
strip-like electrodes and a second layer of another set of parallel strip-like
electrodes, but oriented orthogonally to the electrodes of the first set,
whereby any memory cell in the array can be uniquely addressed for a
write/read operation. A very high storage density can be obtained in the prior

30 art devices as the device thickness may be a fraction of a micrometer and the
electrodes provided in a dense arrangement and with an obtainable memory
cell pitch approaching the line width or minimum feature size that can be
provided by the resolution presently offered by photolithographic and etching
techniques used for patterning the electrodes. The memory layer is of course

35 laid down as a global and continuous layer in the device and needs no
patterning. The implication of a memory cell size and the memory cell pitch



wi th dual electrodes provides a nunber of different ways of constg wekikBeoe
menory cells, as well as witing data thereto, retrieving data therefrom and
once nore witing new data thereto. Extensions and variants of those

exhi bited here as the herein above-discl osgd preferred enbodi mrents would 20
be obvious to persons skilled in the art, Jand shall be claimed as included
in the present patent application. The present invention provides a passive

mat ri x- addr f I j (R : cts
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electrode | ayeh sfbaBedichblislo Mo SPREAUM B 5L hikork! KRPbRELIOPGS and a
second | ayer of "another set of parallel "strip-Iike eflectrodes, but oriented
orthogonalIwnﬁéﬂﬁhéegLectrodes of the first set, whereby any nmenory cell in
the array can be uniquely addressed for a wite/read operation. A very high
st or age sdensint thecaRs &t i@veatioadhe nrdntd Priust iB0rdert todgsdoremodatd the whawi ce

t hi ckness nma
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the line w diebhnslogicy, havefeatdtheatslieast tiae tieatro foe mipimvind échtbye sihﬁ as
resol ution present offer .phat ol i tthagr.aphi ¢c_a et chin t echni ques
used for patR'&Y h‘%‘fjggl/ e aﬁlagget &%Sdgg .r“%ﬁeAﬁe‘ﬂ&ﬁg ‘ﬁaé%’?qPS p&orcag&rlgole\l)v%‘éerr ai d
down as a gltheallcanddeont iheumesehiayneentiontabecatebe peoaiitdnmealsovalle
atterning. The inplicatiagn_ of ry cell .si and. .t .cell pitch
o JUNE 9006 deer a‘}ﬁae;}“%{ﬁprsgeag‘ﬁr Fﬁ?ﬂ#rﬁ%%ﬁ@gﬁsﬁwg&‘?%' BT anl & wit h
present photdnd 20dl 08hogndpid disdamceebetwarg theqgranaldelkseigbbber sremhbkes
possibility .an__a 0 RS f .t . e,
W th one b o7 i are iR LRI PRSRSRI, {0l elBlRbhe s ol BraRlic P YE TR o
in order to wryomaldadselttihenvisiaged éhetcalsodks tisnchep B aandee ptdraded nn and

Phat of a m s raRRifate 1D o fERoNeat IRy o e SBBRE  Ac®
the caslé of démsipyrinotheanparsioweaceordingiie the énversies wauld e losedean ohevent i on
ubl i shed | FEa ooty By e S RIERM I fridh ESREN G FRAEEE With 3G SleclBBErice,
t he paral | el amanggihents, bneaseeboulthiheh alse bent enmédd dhethibhgohatkness oftthe
el ectrodes aneay MmMABCH Ffeskft A%tion shall be equal to the thickness of the
electrodes a. In other words, all functional parts of the apparatus of the
20 present invention is contained within the electrode layer that constitutes the
electrodes a, and this contrasts with prior art sandwich structures where the
memory matrix consists of three consecutive stacked layers, as mentioned
above. This offers the possibility of the apparatus according to the present
invention providing an improved volumetric storage density, i.c. the number
25 of memory cells or bits stored per volume unit would be comparable to that
of the prior art technologies and could be further improved by resorting to
multibit coding, if that is implemented in present invention. It should also be
noted that the apparatus according to the present invention, i.e. the memory
matrix, could be used to form a volumetric data storage apparatus similar to
30 the volumetric devices known in the prior art, by stacking the inventive
memory matrices on the top of each other, as the displacements or motions of
the electrodes b, ¢ take place laterally, i.e. in a horizontal direction, and the
stress vectors in the memory material have the same direction. Thus no
vertical up-down movements occur and memory matrices of the stack are not
35 detrimentally disturbed by the piezoelectric activation of the memory cell of

a particular memory matrix or device in the stack. — The general concept of



very small, as it is envisaged that also the trenches 3 can be pr@)’i}l@ﬁ%f-)én a
S

dense arrangenent. This would, however, still inply that the area orage 15
density in the apparatus according to the invention would be |ess than one
hal f of that achievable with prior art ry devices with dense el ectrode

arrangenents, but one should then also bear in mnd that the thickness of
the nmenory matrix in present invention shall be equal to the thickness of
the electr an r . al ' s of
the 20 presetfoingdn oty Gk REDHELEBricEyk ek RRbIGR AN SIF ehoy REL BEREfE
consti tut es difeussgfldwireodes a, and this contrasts with prior art sandwi ch
structures where the nenory matrix consists of three consecutive stacked

| ayers, as nndddined ofadwanee, theiresdiftansetfien pokiivies Ithe ydded theachippleatat us

according to,the,.present. invent.iaon praqvidi i nproved vol unetric storage
density, i . ahedpltngrBEpicor s Rioperiss of e Bridtectticané mary e istiar uni «
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| e d e ic devi K
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part i cul ar iRk EAAThEEe PRHORE LR Rent SRR YRS R Merd” poffuney. o o
JUNE 2006 14arst pelyimersiconining rrotule or ipmidergranpst echnol ogy and shal | hence
not be further discussed here. In addition of course, the present invention
achi eves the added benefit that the reliance of piezoelectric properties of
the ferroelectric nmenory material 5 shall provide for a shorter access tine
and a significantly inproved signal/noise ratio as conpared with the prior
art ferroelectric or electret matrix nmenories based on ferroelectric or

el ectret polynmer materials. These nmay as noted above be the presently npst
preferred material, viz. poly(vinylidenedifluoride-trifluoroethylene), but
need not be limted thereto



10 or to copolyners of the sane famly. Qther candidate material so§j;§ bgmjng
both ferroelectric and piezoelectric properties have been contenp?ate y
the applicant and include odd nyl ons, vinylidene-cyanide copol yners,

pol yurea, and polymers containing nitrilg or imde groups. 9 JUNE 2006 15
CLAIMS 1. A data storage apparatus with ans for storing and retrieving
data in respective wite and read operations, wherein data are stored in a
non-volatilqugHRﬂ§r as polarization states in ferroelectric nmenory cells,
wherein the nenory cells are provided in a passive matri x-addressabl e
array, wherejn th menory cells can bﬁ}individuall addressed .electrically
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electrodes, each comprising parallel twin electrodes (b, ¢) provided in said

20 trenches (3) and parallel therewith and without mutual contact with the
electrodes (a) of said first set, that the ferroelectric or electret material (2) is
provided in at least a portion of the volume of the trenches (3) not occupied
by the electrodes (b, c), said ferroelectric or electret material being a soft or
elastic ferroelectric or electret material with piezoelectric properties and in

25 addition providing electrical insulation between the electrodes (b, ¢) of the
second set and the electrodes (a) of the first set, whereby the twin electrodes
(b, ¢) of the second set under a suitably applied force can be displaced
laterally in the soft ferroelectric or electret material (2) with piezoelectric
properties such that a piezoelectric effect is generated therein, and that said

30 soft ferroelectric or electret material with piezoelectric properties in the
volumes between the twin electrodes (b, ¢) of the second set and the
electrodes (a) of the first set forms subcells (o, o;) of the memory cells (1)
in said trenches (3), said subcells (a,,a;) capable of being poled for a write
operation by applying an electric field between respective twin electrodes (b;

35 c¢) and crossing electrodes (a) of the first set, such that the memory cells (1)
are polarized to store at least one of two or more logical values in the form of



30 soft ferroelectric or electret material with piezoelectric propgggk?ﬁ gn
the volunes between the twin electrodes (b, c¢) of the second set %
el ectrodes (a) of the first set fornms subcells (a,, a2) of the nenory cells
(1) in said trenches (3), said subcells 1, a2) capable of being poled for
a wite operation by applying an electric field between respective twin
el ectrodes (b; 35 c) and crossing electrodes (a) of the first set, such that
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ferroelectri ﬁ{ tret material (2) and said twn electrodes (b, c) are
&et%fm e ; .

supported by a layer on non-ferroelectric or non-electret mterial (4)

| ocated at bottom surface of the trench (3). 4. An apparatus according to
clai m8, 20 char acf8rappaBatug acrardipgdosdtiinh | ayer (4) can be bonded or not

bonded to oftehctepizediialthatsl dSofufdriddectrit Seeldctreenediefid) (B optional Iy
sel ected as an e[\ ast omalr 5. An apparatus according to claim,

I )
char act eri ze®T19F e AL BOYHIPT((3) between said twin el ectrodes (b, c) is
filled 25 with a ferroelectric or electret material (2). 6. An apparatus
accor dildg t 03.cl ai #B,apparatus according to claim 1,

characterized in that ferroelectric or electret material (2) and said twin
electrodes (b, ¢) are supported by a layer on non-ferroelectric or non-electret
material (4) located at bottom surface of the trench (3).

4. An apparatus according to claim3,

20 characterized in that the bottom layer (4) can be bonded or not bonded to
other materials and structures in said trench (3) and optionally selected as an
elastomer.

5. An apparatus according to claiml,

characterized in that a gap () between said twin electrodes (b, ¢) is filled

Q]
wh

with a ferroelectric or electret material (2).

6. An apparatus according to claim$,
characterized in that the gap (B) between said twin electrodes (b, ¢) is filled
with a non-piezoelectric material (5) bonded to both.

7. An apparatus according to claim 4,
30 characterized in that said twin electrodes (b, ¢) form a mechanically resonant
structure, with said twin electrodes oscillating relative to each other with the

gap (B) between them opening/closing.



characterized in that the gap ((3) between said twin el ectrodes (pwﬁizb&
filled with a non-piezoelectric material (5) bonded to both. 7. An
apparatus according to claim4, 30 characterized in that said twin

el ectrodes (b, c¢) forma nechanically resppant structure, with said twin

el ectrodes oscillating relative to each other with the gap (R between them
openi ng/closing. 9 JUNE 2006 17 8. An apparatus according to claim1,

characterizeg in Ag%\ﬁ%ﬁtﬁsk\eﬁaa{fﬁhﬁ%r&gﬁf1(b’ c) forma nechanically
, sai W

resonant structure i | h el'ectrodes oscillati ng sideways in the
trench (3), ¢hesacigrigedrioghpesaiddminiedeatredasi (b 5y fevnst mechasicglly Agpenantus

according toueh @B vithi RAPEY A LRSHoUEs bOATILME Qlie RIS iHerOALERIBY dpd/ or
el ectrically I nsuldting ayers are provided over the top surface of the

el ectrodes (distanced)ctwranithem nesriningednsgagtl) . 10. A nmet hod for
non-destructive readout of data in a data storage 10 apparatus according to

claim 1,5 chagact eAbp@@t@yaemdﬁ@@ﬁputaim‘1,dat a being perforned by subjecting
the subcell al, a2) .of t%ﬁe mam)r%r cel llia(ﬂ(il%) sel gg;t eq for rlea,d oper ati ons
to tensile peterizsHipdbat ore Ppmdrenachastically ant/ At ettt GiYonspiing
and/ or  pol akalyews mﬁmlvicﬂagomuﬂe b Jurénesd feidierdleadrbite gémnel, at)ethdvidlet age or
current 15 from sai sgﬁgel s (al, (X2) in response to strains resulting
fromthe ap@ﬂ@é?’i%#s said tensile and/or conpressive force. 11. A nethod
according to claim10, characterized by said tensile and/or conpressive
force being tQ.ansfimedwdofor naredasirueivoreagiont of slaes i B daty stHage are part of
t he physgy cal f i : a given nenory cell (1). 12. A method
accordilﬁijg toalgfag?%&_ﬁﬁogﬁgrg?g@ﬂrﬁgd by said notion being parallel to the
surface on wharhctsaizgddry the regfonkabdgiacking performedbpsobtasdingithe A net hod
according to, [ 1, .2 i i i : ressive
force being %Lgdﬁg?lg(éd’ %f)g?ﬁg%Q%%ﬁ’@é‘%?léﬁxg?’@%ﬁqé%‘??ﬂ}%de Srgitflgﬁgg(}?ed
f err oel ect r i i€nsile andéarreampegseivicaforcp padiconcurrent datedtioneet plaafesandsor c) .
polarity and/or magnitude of piezoelectrically generated voltage or current

15 from said subcells (o, o) in response to strains resulting from the
application of said tensile and/or compressive force.

11. A method according to claim 10,

characterized by said tensile and/or compressive force being transmitted by

the motion of electrodes (b, ¢) that are part of the physical structure defining
20 a given memory cell (1).

12. A method according to claim 11,
characterized by said motion being parallel to the surface on which said array
of memory cells (1) is supported.

13. A method according to claim 11,

25 characterized by said tensile and/or compressive force being generated by the
application of electric fields to poled ferroelectric or electret material
proximate to said electrodes (b, ¢).

14. A method according to claim 13,
characterized by said ferroelectric or electret material (2) being a polymer.

30 15. A method according to claim 14,
characterized by said ferroelectric or electret polymer (2) being the same

material as used in subcells (o, o).



14. A method according to claim 13, characterized by said ferroelfgﬁﬁtaﬂﬁy
electret material (2) being a polyner. 30 15. A nethod according to clarm
14, characterized by said ferroelectric or electret polymer (2) being the
sanme material as used in subcells ((X1, ). 9 JUNE 2006 18 16, A nethod
according to any of the clains 10 - 15, characterized by said tensile and/or
conpressive force varying cyclically in tinme. 17. A nethod according to

claim16, 5 F@ar a&trﬁé{%@a&%rdﬁg%ég;?fgﬁ%%ﬂ%%V- ﬁ)iaezoel ectrically

generated voltage or current r wi t'h coherent aver,agli ng or
ock-in techehagaeterized by saidrensite and/@r sgmpressiye fouee venanaeyelisaldyimy said
tensile and/Q{r]]eg:orrpressi ve force being a single step pulse. 10 19. A nethod
according to claim 10, characterized by said tensile and/or conpressive

force being del ta | se or .burst of such pul ses. 20. A nethod according
to claim 10,Fé’haréc‘flgﬂloigﬁcwd%é’%lla&t%des (b, ¢) acting upon two or nore
rregor ?/I (5el( I( Scha?rEct(eii)zeaibwﬂétaa'oFﬁifya th%h?b}Apfmbblmbtxfioallpcglehagatediivmggé or
subcel | s x1l, a i.n_nmenpry cell. or wite operations,in a data

st or age appa?%fﬂ?%%&grpcﬁqﬁ%%{smliﬁéﬁ erent gueraging P‘E&ﬁ%ﬁ}l SR Sach cel |
(al, a2) of the pair in one of two polin directions oriented orthogonally
relative to the tdimedloscageading ) clejmad.opposi ng each cell (a], a2) of the

pair, whereb ' - W L etiipe Bt ifogEkicnNs can
be realized ?lhn?%‘ktgfr?\%g t@g%gq%@lﬁgg%&%o thggpgif??c Zgém%gag ghestey
pulse.
10 19. A method according to claim 10,
characterized by said tensile and/or compressive force being a delta pulse or

burst of such pulses.

20. A method according to claim10,
characterized by said electrodes (b, ¢) acting upon two or more memory cells
15 (1) simultaneously.

21. A method for poling pairs of subcells (a;, a;) in memory cells (1) for
write operations in a data storage apparatus according to claim 1,
characterized by poling each cell (o, a,) of the pair in one of two poling
directions oriented orthogonally relative to the twin electrodes (b, ¢)

20 opposing each cell (o, a;) of the pair, whereby all four possible
permutations of the poling directions can be realized in the two cells (o, o)
of the pair.

25





