WO 03/ 052762 PCT/ NO02/ 00476 Apparatus and net hod for non-destructive data
storage and retrieval The present invention concerns a data storage

appar at uswaioglsateans for storing and retrieving data in PETPEIRIOMIOW it e
and read operations, wherein data are stored in a non-volatile manner as
pol ari zati ofy ?é@?s'a{hé%éﬁg&d?%f Goh-He S AL Hle ystccg% w Afierein
the nmenory 4@ provided in a passive nmatriXx-addressable array
wherein the nmenory cells can be |nd|V|duaIIy addressed electrically for
wite and read operations, the addressing of the nenory cell taking place

[ [ | ect r.od f t first d t
wher ei n_eadh® %r%%rxﬁt&a&%ﬁpni‘ceﬁr%%?@é%'dsé%r%rpréaiesaﬁa&%mssﬁﬁﬁqﬂefﬁ B Codes.
such t hat shm@ ent rettésving dakeid respectet mwtrsaradrreaai d)pelatlens,owhemled

ort hogonal | m n
a nongdest ﬁa ?Wesh[gﬁe%grh% n%% %{%g@r”a%?% é’g%}‘ E te%du{ férrioél%ﬂcrgf )
met hod> f or opeléatetpaemerpices ewberadntthe w@norsag@llfs: etq qu\bdedfmllil fepassive

t h b d
on " or r oot Bt AAARBRIAL et SHHCLRPEL Y Tictils Can R TRIN RIS os, i ke
smal | cel | addmspf:dr¢ﬂ¢ctsncaﬂkrfngwﬂtemdow | eesRgons, athﬁ;@@é%ﬁ%&%f
reel -to-regl ﬁ&gﬂeé‘ﬁ 'thEi/n '],Jﬂ% Vpa'iﬁ‘%gs QI'éE’Er'oﬂ@s of QWesp ESPRIATHECand

pr ocessi ng, eilow cost § ica J}é:,tg)&{e read fromthe nory by
so-cal | ed a@@QndJélqorr@dee%aw Crifffb £ach & ¢ gt commisesRaBlebo during the

read pper akidpe Wﬂé&%ebﬁroﬂ%ﬁ?&ﬁﬂwt tRe Wlddit dRR WS thBidshbey smistattialfosre
further storage in HD g fi mdrctlvg read node of % fofkl nd is
undesi r abl erfeélﬁechﬁFé/ pogoppllEdpithngle thR SECORG Se1 AeIAt fat i gue
cycles rebaifRintifg rae@@n-ld%sﬁrﬁ@tld@hi&l(ﬁﬂlt ifthRe |a@phﬁftuﬂaycﬁlﬁm§$@nla1m br obl em
si nce ferroalectrrcgr ellectret % ”%l { ‘%//\,Fclif tand a finite
number 25 @Rdg Metheq EppROliRg PRHSI HINEZOHSY rthSttOSa% t'ch ?rh%fr%%r yner film
twi ce meangpetdtadnd hethrovgiarssceptdiag tosclaimrleased, as is the conplexity
of the requi red circuitry enabling such wite back. The destructive read

I tsel{sis Mé&to?gﬁg% rgc{se&%%Sfe(rfaeqe&@ |c¥r a@e&eﬁ gmﬁer MARRSAGRRES O
several m crosec subject to hi's inplies 30 that with
dest ruct i venansaadyantages, ﬂﬂtﬁr Sfﬁ@H[?reE f@tﬁﬁﬂt s’iﬁ?(fl%%ﬁgé)ff%?mé)r}ﬁ FEP> of naj or

appl i cati oRgqapaishitafo fe%@lt@%e@gpf&ﬁictﬁﬁﬂﬁﬁ( sipddedBsrodyctibhNRIW Y,  when

cells arer educed i'n size, ﬁ: r educed s gnal str.engt h rraﬁémake it
difficult tt%mipﬁ’ﬁﬂt%%ﬁfocﬁéwlr& OVeifsEyetE n [EPYRdY o fatdare e or use
at 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 the 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).
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tension.

Employing matrix-addressing, the proposed write and read methods

25 according to EP-A2-0168 938 moreover would allow a parallel write/read.
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 107 5. 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

30 performance in the small-signal range, neither with regard to access speed,
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

35 levels will be of major concern.



nmet hods for nenories based on ferroelectric polyners may operate in the
smal | -signal range, particularly attainable signal/noise ratios and
detecti orw033/05192l s will be of major concern. WO 03/ 0527 @2TRON2MGTE/ 00476
3 Hence it is a mpjor object of the pre§ent i nvention to provide a

dat a-storage apparatus allow ng non-deStructive read operations based on
pi ezoelectric effects that can be obtained in a ferroelectric or electret

. | t
rovi e a Henge jtisd alorbRePolH ChrRBheRt it BE160h v siingl, L0 ¢
effects an@pmrawsmmwmgwmmd@atrgpgﬁalrmboperautmsdoaasdwnp@ze mh prior

art. The a@fﬁ!ﬁtsé’cﬁé?%r?b@%b‘f‘ﬁ%d%ﬁdc rfméctfrﬁaé&“élgéiirépﬂh taldl ©

achieved w't ata storage apparatus according ep esent |nvention

which is har cterlzedlb i% the first set o{ ectrodeschfo rises a
plurality s D PR4IPE ObIGeL PLHBE PERISM MK Ozsmva}fiw Y¥hash ort hogonal
ori entdat i cmnoﬂmle&tractleb ecidadescthnd aetdi@apicyodizomiaediecty amd svitlopmwlr f ace

t her eof fo t s.than the thic ss. of the el ectrodes and

havi ng a s % Sagﬁé/n 13%8%%53‘15 Cronﬂﬁa&efil%lnhephlé)tr azﬁ | east a ferroelectric
or electret nenDry material is provided in the trenches and covering the
si dewal | s Thepbeve objegts epavalbapharther tatuiss andeadvapdazes areprdiewrdl as a

dual set ofyi@l @gbfaoﬂéﬁa &é}&ﬂhrﬁﬁiﬁdc@kdﬁ% ﬂ%&h@'ﬂr@éeﬂt%ﬂeﬁh@ﬁWlﬁdﬁis provi ded
in said trenches an therewi.thand W t hout thﬁr contact with

the el ect rgHdacisrize IHtLF‘?Q’F Hest sef ﬁéﬁlq%@desmm%?ét%p aHbePfal is

proviiged iparallel e@sthés @Qﬂe’hdﬁ{% RbrikbetalRl Wi Hf otthegohilensagativattoateupi ed
by the eIecLFrod ectrlrﬁﬁgr el ectret rrat |aI 0 b] asoft

o) tlesti CIRERPER Bl Mertich O HaB bttt o N A Bebet ol isiih

plropertlj esleammamtt&dﬂmlélm?,swfahgwlitgr@d@mﬂd E?ngrfsulﬁtamﬂalﬂ)ﬁt ween \me ]

el ectrodes_ o sec et t he ct.,rodes [0 rst_s er eby
Shect ton moasRlaatTal BRERS, R B Bt Mo G R e b e B R L o
be displ auedided e did yrencheshend odverfing thebilewwalls theraifethatahesatendal with
25 iy zoel ectr r o ' | C f ener at ed

 her d320¢! SR QRIS Sy RHED oS Btaf P SEARLAGHEL Seath] EithpliSingel

pi ezoel ectparallebtwpeﬂtew@dm proveidedliorsesd brenvkemandpataliel tbb@czvlrtbdad of the

second set @uthﬁﬁg&f ?&ﬁtﬁ?ﬁ%h"fbéé{]@ gﬁéﬁ‘ ?P%df 'E"éets‘{ﬁgﬂlh'es of the

nmenory cel‘fvs I'n sal renc S ca Ie of ng poled for a
write operirrasiedlyicanatesiilyis pyowined iactdpastfa mrdw@e@ﬁ\rémw@l@m@f i@ twin

el ectr odestrgich &M Rt Mpied 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
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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. 1a 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. 1a and 1b,

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



figs. 2a and 2b correspondingly a schematic variant of the enbodi nent in
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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
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38 which represents a logic value in a non-volatile memory cell arrangement
formed by the matrix of intersecting, embedded electrodes as shown partly in
fig. 1a. At each crossing between an electrode a, and a twin electrode set by,
and cy,, three piezoelectrically active subcells of a memory cell 1 can be
defined, indicated by o, 0y and B, in fig. 1b. Subcells o, and oy
25 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 f,
corresponds to the elongated volume of ferroelectric polymer between
electrodes by, and c,, 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,
Ib causes the twin electrodes by, ¢y, 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 a,;, o, and

Ba -
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30 is applied between the latter two. Poling endows the ferroelectric
polymer wth a piezoelectric response, which in the configuration shown in
figs. 1 awooBlsweruses the twin el ectrodes bm cm to novePCatNyoalob476i n t he
trench 3 (i.e. in the direction of the.glectrode an), the exact direction
and magni tude of the notion being deperndent on the poling direction in the
ferroelectric material 2 35 and the direction and strength of the electrlc
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the parallel twin 25 el ectrodes bmand cm (1< m< M, where Mis the nunber

of menory CElls | along each horizontal electrode an (1< n < N), where N

i s the nunber of
ig. 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 1
along each horizontal electrode a, (1<n <N), where N is the number of
memory cells 1 along each vertical electrode set by, ¢, . 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 1 are of the type o,; and oy, while the macroscopic subcells B,
are used for reading out the stored data (cf. below). As can be seen from figs.
1b and 2b, subcells a,; and oy, 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



menory cells 1 along each vertical electrode set bm cm. As is apparent,
data can be stored at MKN crossing points in the matrix by appropriately
poling tWeoBesa7erl ectric material 2 in the nmenory cells aefliNowdioed76each
crossing 30 point. According to the pregent i nvention, the data-carrying
subcells of a nenory cell 1 are of the“type and and an2, while the

macr oscopi ¢ subcells Rn are used for readl ng out the stored data (cf.
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20 by applying a voltage V, between electrodes by, and cy,. This voltage is
chosen to create an electric field in the ferroelectric that exceeds the coercive
field, causing the ferroelectric to polarize in the direction shown by arrows in
the figure. All crossing electrodes a,,.... are shown to be maintained at V,/2,
leading to little or no polarization response in all subcells o due to the
25 strongly nonlinear hysteresis characteristics of the ferroelectric. This voltage
may be chosen otherwise, or the electrodes a,,... may be allowed to float,
since the polarization states in the subcells a shall subsequently be set during
the writing operation. Fig. 4b shows how subcells o,,; and a,; on electrode a,
are poled for a write operation to encode a polarization state which in this
30 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 by, ¢, and outwards towards the
sidewalls of the trench 3, while the voltages on all the other subcells o along
the twin electrodes remains below V,/3, i.e. below the polarization switching
35 threshold. Fig. 4c shows the encoding of a logic state “0” on electrode ap+;.
As can be seen, the polarization in cells o, and oy, for electrode a,. 1s



|l eading to little or no polarization response in all subcells a due to the
25 strongly nonlinear hysteresis characteristics of the ferroelectric. This
vol t age WwWeyss276hosen ot herwi se, or the el ectrodes an,.. PCEaNOKR®O4b| owed
to float, since the polarization stateg in the subcells a shall
subsequently be set during the witing operation. Fig. 4b shows how
subcell s and and an2 on electrode an are poled for a wite operation to
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cell 1 is as ﬁe ore.indicated q t hg Bt églahed outline. The tw rh.ehect rodes
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ferroel ectiPErAdeei B SUNECiR] 1o RBRACSSHPTY AatiPR & Q& e 1opal poling
20 direction in the ferroelectric material. As well-known in the literature, a
piezoelectric response is elicited from the subcells oy, o, with a polarity
that is dependent upon the poling direction. In figs. 5a and 5b are shown the
positions of the twin electrodes by, ¢, at two instants representing extrema in
a vibration cycle. In fig. 5a the twin electrodes by, ¢, are far apart, and all
25 cells a,; and o, along the length of the twin electrodes by, ¢, are
compressed laterally. In fig. 5b, corresponding to a later point in time, the
twin electrodes by, ¢ have moved to reduce the gap between them,
stretching the cells o, and o, on either side. Via the piezoelectric effect
which acts cooperatively between cells a,,; and a,; at each electrode a, ..... ,
30 voltages are generated between each electrode a,..... and a suitable reference
(e.g. the average or median potential on electrodes by, and c,,). The phase or
instantaneous polarity of these voltages can then be uniquely linked to the
logic state in each memory cell 1 represented by the crossing point between
an electrode a,...... and the twin electrodes by, ¢,. Several distinct readout
35 schemes can be based on this basic vibration scheme, as exemplified
immediately below.



pi ezoel ectric response is elicited fromthe subcells anl, an2 wth a
polarity that is dependent upon the poling direction. In figs. 5a and 5b
are showwDlg/052965i ti ons of the twin el ectrodes bm cm at PCRNOMSO4INL S
representing extrema in a vibration C)[Q In fig. 5a the twin el ectrodes
bm cmare far apart, and all 25 cells nd and an2 al ong the length of the
twn electrodes bm cmare conpressed laterally. In fig. 5b, correspondi ng
to a late ' i ' n el ectrodes bm cm have noved to reduce
the gap b % Sohgnt gﬁatwﬂthe cells and and an2 on either side. Via
t he pi ezo®epending ehfmeterialhidimeasianscusheslacicdggapmeirigseheceibratoiid and
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m cronet ehigh dath oetgut rmiedt hs shall be quite high, i.e. in the hundreds of
kHz to hundreds of MHz region. Depending on the Q val ue achi eved, readout
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val uedis &SRLEQAES, biotfan DAHPERY BHEE WETEHERE § Y i me after the
electri Ca|d1ﬁ)&§bitl@¢mtd@fontmm isn 15 el ectrodes b,,,, cm has been turned

off, permtting read-out free from disturbing excitation vol tages. Exanpl e
3 | mpul S?E)&%&%tj.opnpulse detection
Instead of exciting the twin electrodes by, ¢, with a sinusoidal or other
periodic voltage, a single step or delta pulse may be applied, causing
20 compression or dilation of the ay; and o, cells. An analogy is piezoelectric
spark generato.rs. This provides a very fast means of readout, since the transit

time of a compressional sound wave across the subcells a,; and o is in the
sub-nanosecond regime in typical memory structures.

Figs. 6a and 6b illustrate respectively in plan view and in cross section taken

25 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
b, S are excited in a different way during readout of data. Correspondingly,
there are certain physical differences in the overall structure, and in the
encoding (writing) and reading of data. The volume or gap B, between the

30 twin electrodes by, ¢y, 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
subcells o, and o, of a memory cell 1 at each electrode a,, ay+1, api2s--
proceeds as shown in figs.7, in analogy with the coordinated voltage



I nstead of exciting the twin electrodes b,,,, cmwth a sinusoidal or other
periodic voltage, a single step or delta pul se may be applied, causing 20
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electrodes a,—a,:s have been poled such that when a voltage is applied

20 between these electrodes and the twin electrodes by, ¢y, 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 by, ¢y
as a unit, as shown in figs. 8a and &b at two points in time. Clearly, the
number and positions of driver units such as those on electrodes a, and ag+s

25 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 ), ays and ay4 are encoded
with data that yield a response +V, -V and 0 V, respectively, at that point in
the excitation cycle. The voltages are generated piezoelectrically, and the

30 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 o,; and ayy cells
for excitation purposes.

Not shown in the above-referred figures is how a layer of insulating material
35 may be applied to seal and protect the memory cells and ancillary circuitry.



8a and Sc. Again the location of a nmenory cell 1 with subcells an..., Rnis
indicated by a stitched outline. As shown, subcells ari an+5 adjoining the
el ect r ode®oOasios2zam2+5 have been pol ed such that when a vol t ge/Na2apibi ed 20
bet ween these el ectrodes and the twin el Ectrodes bm cm a net force is
exerted upon the twin electrodes bm c¢,”% , pulling/pushing themto one
side. Applying a sinusoidal voltage causes a right-left vibrati on of t he
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| ayer of insulating material 35 nay be applied to seal and protect the

menory cel As iangparaitiframytheiabowie the pBeABINE2TIH RCTIMNDRERN0476 12 In

t f f th | |
s e’ sop o aflcsdor Mhildihe Aonl 05, SPH M RIR Gl ie Higr o lstucsREl ¢ ng
the notioffe fFSﬁeTéHéﬂ Ylpéanara%n%cempatlbbd Wythcmmd:lmkaiyengtalckm iy be appl i ed
on top of 1&&%11‘16@#1'11%211%0{1@%{? gla.%q dngeﬁlf éfd:@é %%\Lsﬂaaggecggeal' nst

noi se and Ii I n cases esire
structur es r(g %d mat@ﬁglﬁqq{gdlmw@pns aé ﬂ@%@rpﬂ@@d’ﬂwm@uxm&ch&ﬂmtbm required

to i ncl udewithadaili e MELERAGEES 2 Jch b e ;e ﬁérﬁ?tbﬁta‘r{)@%? coﬁmpéuhg A st ack,

etc. {Ehis is _cons c,eﬂfsr ed o eﬁgl ous.to ns s he "ar shal |

not di sEFEREY t ARV EibAS WIkdng §a§‘p@1§i“@tﬁt retrigving datshthese fromeapd esent

i nventi on puavindes WﬁMﬂé%e&pﬁ@ﬂaﬁ%@tétbeEx{é}me iuﬁjc!l R}Qngﬁf‘sséf h Er ayed

pi ezoel ect%l G rp érostru %‘ %e essent |]%6 pl anar an atl bl e

with multi Peered bsg pndhe ﬁEemrﬁ &VS SHQspd pre Eqdoﬁnbaréégemsaﬁéu

wel | - defi rimjobmimmsetovpetrh\omn slcilledl iyt the aint, ra@ldl $R1NBE eldifledl &hclhd®NE 0”5 A

novel passeh\é%rg?ér{téﬁtgrchl t.ecture wth dual el ectrodes provides a nunber
ways

of different %tn@mlbc tqu

20 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
sandwiched between a first electrode layer with parallel strip-like electrodes
and a second layer of parallel strip-like electrodes, but oriented orthogonally

25 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 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

30 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 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 that may approach the minimum

35 feature size as obtainable with present photomicrolithographic and etching



15 nmenory cells, as well as witing data thereto, retrieving data therefrom
and once nore witing new data thereto. Extensions and variants of those
exhi bi t edwbeB®s52362 t he herei n above-di scl osed preferred enipcdinamioss7éoul d

be obvious to persons skilled in the ar and shall be clainmed as included
in the present patent application. 20 The present invention provides a
passive matrix-addressable array of menmory cells which inits overal

aspect s a'f%ﬁﬂyqde% B0l PRSP diMn Bich HGMEEensitl I Mldhudd AVer O

menory materi a I‘IC &5 E3h bet ween a
first el echithas’ pawﬁn\mcm, p\aﬂapnélbltpen memcuer ‘allectrodes and a second
| ayer of parallel strip-like electrodes, but oriented orthogonally 25 to

the el ect ridés pfesthiinviehsionstée ,trmr:elm/umn dﬁ@@f@/a@cﬁhﬁﬂo@lat&ﬂleafwi@y can
be uni quelé Cg_drdes?)ed for.(ﬁ itelrea er at.i on tQ ver st orage
density SCBRISHPaf PEGVided thsr eﬂ‘@@l%’é@ %CPH @e t hi ckness
may bé a techoblagieqfhayverd wridminatellreaalnmmheheﬂ ief:a m@ﬁﬁlum ﬁe/ath?]suzB a'shdelnse
arrangene t i:n ce ing the line
wi dt hgor On‘ﬁ ﬁ?‘%ru‘ﬁ%a?@g@bfeb&%h%ﬁ%ﬁe& a %13 Q&SS ﬁ&ﬁ g ?%‘ggYed‘fl on
present |y idefdeeitodbyimptict piesemogrvapkion aihda]ebemmglde&icllmna que:allwsled for
patternin e [ wn as a
gl obal angdéﬂ(}%n r‘?%élﬁ@rﬂﬁee }:&en{g%{%ﬁ Pbggﬁg)rggéj OM lHdsﬁ]e (ﬁsgm%ng The
i nplicati obﬁt@fee@ tﬂﬁ@rﬁmll@lemengbb@@r dehﬁEWﬂmm)agp Qlebntqdl Qnthogdmllm
apprqach t t otomcro
T hagr aphie JeBhOUe o %énv\%"i%%ﬂégé ‘?é%ﬂ%%%??ﬁ%%ﬁ%@ﬁ%w 1%%%%%?&322 of fers
the possi blpe it e@fenghea ednshopeyadadnsiadense aamngenzent. Bhis wpudd, even

t t h 3
more, W fh&sﬂ@v@ﬂ Gt i mr‘iﬁﬁy tfeChiea, §t8rag%edé?fsgc§/eiﬂ tgb ra?%'a{ 4189 a%@@rcﬁﬁ?”c

must in order to acco he tw n ectr rovi ed t ein and
pat t er ned i 1§ IDNENEORVERH Fld??a]e%th@&ﬁﬁ@l}@éf@%t aﬁé‘@bleé’ letAthapripeast twice

that of a Iﬁlefhdf?fﬂé‘\@@ésUWﬁhSieiﬁ.e%?tect%@é/hﬂﬁﬂg&iﬁeﬁt&a'bh@'éh@ sUeBlPthdhRS. As
owev he“el ectfodes in the present

| nverlsi on B IEARTSE S G0F BRSSO LBicmeNEY TBERUe PG B Bee  f or
i nst ance Fgﬁaal\wzqwmtbcltheajh@bltﬂtss difghartectrdidsvwedn dther paird) aan nei ghbour
renches YRhEegh op0l SRR aBBAARRPE ot D PR LR, T
can be prahedddctrodaldenskatcommgetmnthe clédtsodesud,cand thdywevetrasistwith i nply
that the %r?gr 1 A95i 88 91,S1r'urc%ﬁre§1 V&he%e Re %&ﬁgrsy Rk %orﬁglsts of three
20 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.e. the number 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
25 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 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
30 place laterally, i.e. in a horizontal direction, and the stress vectors in the
memory material have the sane direction. Thus no vertical up-down
movements occur and memory matrices of the stack are not detrimentally
disturbed by the piezoelectric activation of the memory cell of a particular
memory matrix or device in the stack. — The general concept of stacking is
35 well-known in prior art technology and shall hence not be further discussed
here.



to the invention would be | ess than one half of that achievable with prior
art nmenory devices with dense el ectrode arrangenents, but one should then
al so 15 bwearosjose7sd nd t hat the thickness of the nenory nat PCI/NQV2/00476 ent
invention shall be equal to the thi ckng s of the electrodes a. In other
words, all functional parts of the appalatus of the present invention is
contained within the electrode |ayer that constitutes the el ectrodes a,
and this con 1 ' r S 7 tHRnory
mat i cord) Eish df odbusBrnlprRitn ARG oFhINEL the 2dMBE HenLRE HIRTDLY e,
Thi s of f erthetrediapoe Qiflpﬂdzzcte;lrecdflc pm@eetmmﬁth@sfeamaic@:mgn@mqrﬁén@&eé@é

| nvention ﬂfa‘ﬁ’?f’dxﬂa 30y h@ﬂ%ﬁ\é?% YRl tarﬂdca §ig?ﬁﬂ9§n 'ilalg}dved e. the
nunber of TNeno Frd ore B ume unit be conparabl e
to that ofSlghél/pOIS@rra‘éiptaStCénhp@ledgw@bt pdricr st ferpaclegHin eF elerﬁSlfﬁ‘cSved by
resorting { %tt‘?k"rﬁé?gi; ‘B%&Qon'ftanb'%f’écth@ o%féléé‘fl?ét%fﬁ?hfé@ thitePla@s EMese

|nvent|on t shou be noted that paratus . gccording to the
present i nw@ltasorted E@OV?IJP@ tﬂ?ﬁdﬂfﬁ‘}ﬁr}’?}a}f m%t Pé&%ﬁ@dﬂ@al@é@g V& forma

vol umetri @l%@lrﬁf‘li@reﬁG&fﬁRﬁ?d@tMﬁuédethﬁIen%P Bdt%%@nﬂf&id hﬁndﬁ/thwsto known
in the prlor art stagiéﬁgtheln n(it) HD({% rlcgg hetop of
each ot her9r %C?R@ym%él dhesams Tmibn s candidate maigtip d@é Byig ake 30
pl ace | at epgdh %rrcbel@cuiclhrﬁi szbémtﬁb pdop @ttielsonwed:ruéntdmltsmpmmlgcﬂmr s in

t he nor terial di Leg Thu a

novenent s Eﬁalﬁr?ﬁildr?é‘ E‘H’é ST i@t@'&?@? 88386'“%%%% 13 ﬂﬁra 1y

di st urbed &yd prymeﬁmitemtmg pohymtr\véd& bommdde gtmipsenory cell of a
particular nenory matrix or device in the stack. - The general concept of

stacking is 35 well-known in prior art technol ogy and shall hence not be
further discussed here. WO 03/052762 PCT/ NO02/ 00476 14 In addition of
course, the present invention achieves the added benefit that the reliance
of piezoelectric properties of the ferroelectric nenory nmaterial shal
provide for a shorter access tinme and a significantly inproved
signal/noise ratio as conpared with the prior art ferroelectric or electret
5 matrix nenories based on ferroelectric or electret polynmer materials.
These may as noted above be the presently nost preferred material, viz.
pol y(vinylidenedifluoride-trifluoroethylene), but need not be limted
thereto or to copolyners of the same famly. O her candidate materials

di splaying both ferroelectric and piezoelectric properties have been
contenpl ated by the



10 applicant and include odd nylons, vinylidene-cyanide copol yners,

pol yurea, and polyners containing polynitride or imde groups. WO

03/ 052762WB@F03262/ 00476 15 CLAIMS 1. A data storage apparaxQ/0m7sh nmeans
for storing and retrieving data in re ctive wite and read operations,
wherein data are stored in a non-volatil'e manner as polarization states in
ferroelectric nenory cells, wherein the 5 nenory cells are provided in a
passi ve ”Q?E%ﬁ dressabl e array, wherein the nenory cells can be

i ndi vi dual Ty addressed electrically for wite and read operations, the

addressing, of the, nenpry cel|l _t%\kin | ace wvia crossing electraqdes. of a
respectivaly fiAdain Préas sARUGRLL P HGE caat Lor SIERE GRS Sefole. set
C(ﬁﬁ'p][! sef rﬁsyg@dti\gd }(NSHS iapdl-rleh&@petﬁmlt?dﬁsers?ﬁhaﬁah&ﬁstdjledeilnea:hbfidx&?aﬂi? of f
the first set substantial. re oriented orthogona Q. the.electrodes o
the ' secortated RERERkiALbH B T FHbEReRHio MRERDRLEUI Wb OIFUEEL (o)
conpr Bses memlouy &kils ywroproydedlih el passerchasrig3)ddestsabtd agapowheosinghey with
th i ' £ Q.. - | . i. d
from a coemerh B tah it iy blEUE L ALEIPANANS MEIERAd [eITVEL P,
el ect r odepeaptians thaviddgewing ab sheantanadiyycelbtaking plage praotiossingt hat at
| ‘ ; ) . ! . nth
| east o T RIGashacs i ¢ Spahotly ol ARMmIoE pRLEC el (2, bayheriled [0 (e

el ect r odeselpeirpdoveideemnrses puralles strips-likel deetrodrsssudadint deerpracitasies
parahhel tyf e RELELHASARIalY aft GUEARE drfhSedith1ROid 1RNABEE0US of Rk

parallel therewth and w thout” nutual contact-wth the electrodes (a) of
sai d firstse6@hd sthat the ferroel ectric materi al (2) is provided in at

I Ieasz adinhtaEQé‘ceﬁfzeH he éﬂ%’c‘ theEiet séher &Ife@ﬂ%lﬂ% (&ﬁ%oﬂ@%is%@%ﬂ%ﬁeﬂiﬂ?ﬁﬂ hef t

el ectroaes C), Sal erroel.ectri ¢c or eclre erla eing.a so or

ol oot o araliel renphes @) St Gt iharedtely Witk An (MRl AL AR IS 1 | oo

and in addhtiedect2&ddy @V isidnerakey rdosalwansuirai oropsurfaes tlidreo€lfechr odes
the e first set, whereby

b, f t.h d d d f
the i n SiSErREdes it by BkheR S FCER el d By a1 , “appi | 'eq
force Ci’in(s?@s%r?iﬁlbffﬁtdr%&fiﬂﬁﬂgﬁl?ﬂﬂ?ﬁﬁt El}sa.‘ﬂ‘ttjtcﬂ’eelr({ed)ecttei@tcm d;otrleglcéa(r:;t E: et
t .
erf oot | s "gemirk nlefAE PR PSR AR FEn BRI PR st b B0 o
el ectret rmadewads therchf,ghet tied seronidcsepodpedtiedesiis froeidesl amesiubbtekehn t he
twin el eCté’IQ&?EdéQ cafh C%In;}rﬁ.kqng %%9&?61%%\%&&90&8&3‘3@? Cct) rp?ﬁ%?de(dai)n Qfigt he

first set
20 trenches (3) and parallel therewith and without mutual contact with the

electrodes (a) of said first set, that the ferroelectric material (2) is provided
in at least a portion of the volume of the trenches (3) not occupied by the
electrodes (b, ¢), said ferroelectric or electret material being a soft or elastic
ferroelectric or electret material with piezoelectric properties and in addition

25 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 soft ferroeleciric

30 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 (ay,0,) capable of being poled for a write operation by applying an
electric field between respective twin electrodes (b; ¢) and crossing

35 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 a set of



forms subcells (al, a2) of the nenory cells (1) in said trenches (3), said
subcel I s (ai,a2) capable of being poled for a wite operation by applying

an el ectwD®3PsEbzl bet ween respective twin el ectrodes (b; PEX/NDWAN0G476SSI g

35 electrodes (a) of the first set, sucﬂsthat the nenory cells (1) are

pol arized to store at |east one of two or nore |ogical values in the form
of a set of WO 03/052762 PCT/ NO02/ 00476 16 polarization states in said

bcel | -.a2) ; . - dest iyel i | t
cubcell 2 CabergRo RN e Ao Y e s AR BR f 20e
of the | atheapplyingt ‘odtege mrtentél petovéematheaivaotal ectesd€sa(d, cf andverfir st

| ectrod I I I
subcel s (Sesh i IEAGorers B BREE a2 1A hicBde RS Lltnddes ()
stresses sl fivsg el¢ndrattn sait pnth oyer fenrapksctiie ot etgoiiaianatesial vhdhe

| o boat ) . \ .

Fo ot Pai n e o R o B g B B T e
subcel | s (enlabliag) thefdejeptiom oy patasnpters fdetiaing &rons thei pakizaton ggfesal val ue
or val ues tﬁ%%&%&’ Hle%ng%mbrié‘z&%étrijcoei(féétsgﬁ%%dﬂé&om@aiﬁé‘*?1‘?‘]'@ Ifdcad a2)

. 2. An“app I ng ar

can be determne arat us, accor oclaiml, c acterized in
that sai d igcfaid subeelds,exhercby dhe dpgist state ofathersudicelly) o soa) of @MpYIBPEEt ri ¢

pol ymer. FRld ; i g i hat
ferroel ec%ﬁlmgf@%?ggﬁgi?@%g?é?? g(igg jggl) Gglﬁic? r@sr;‘f%wté %g{ralﬁlégﬁ%?tﬂrnggggy? 631111 c) are
a,

suppdPt ed By cantaiping the sitheetlsr(Pot ike detepmined.ectret naterial (4)
| ocated at bottom surface of the trench (3). 4. An apparatus according to
claim 1, characAardppacatup atbatdihfeo eddihom | ayer (4) can be bonded or not

bonded to 20 ot her terials,an trugtures in said trenc 3) .and

opt 1 onal Ly Heret g0 g TS A0f et KTsE oL A RREF SR 0 ol ai m a,
char act er ifeedhelectrieaiolsngap (1) between said twin electrodes (b, c) is
filled with a ferroelectric or electret material (2). 25 6. An apparatus

according 30 clghMpparflldnacdRiihged cldint hat the gap (P) between said twn
el ectrodes (b, [ i j

c).ig.fiJled w.th a non-piezoelect eri.al .(5) bonded
to bdPh. ﬁha%ﬁg%%a§néiz%fea¥q¢ée%wc@ra&ﬁgn,et ratéiiaf (2) and saiatwih”
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 claim 1,
characterized in that the bottom layer (4) can be bonded or not bonded to

20 other materials and structures in said trench (3) and optionally selected as an
elastomer.

5. An apparatus according to claim 4,
characterized in that a gap (P) between said twin electrodes (b, ¢) is filled
with a ferroelectric or electret material (2).

25 6. An apparatus according to claim 4,
characterized in that the gap (B) between said twin electrodes (4, ¢) is filled
with a non-piezoelectric material (5) bonded to both.

7. Apparatus according to claim 4,

characterized in that said twin electrodes (b, ¢) form a mechanically resonant
30 structure, with said twin electrodes oscillating relative to each other with the

gap (B) between them opening/closing.

8. An apparatus according to claim 1,
characterized in that said twin electrodes (b, ¢) form a mechanically resonant



characterized in that said twin electrodes (b, c) forma nechanically
resonant 30 structure, with said twn electrodes oscillating relative to
each ot hewowsws7bhe gap (P) between them openi ng/ cl osi ngPCENOW/04Ipar at us
according to claiml1, characterized in ggat said twin electrodes (b, c)
forma mechanically resonant WO 03/ 0527 PCT/ NO02/ 00476 17 structure,
wth said twin electrodes oscillating sideways in the trench (3), the

i b 051 Y . | ai
3 sLance OSSR ARR 0T DR AORBA Ao SRES RS EREALRT APy
i nsul at i ngdistanceyketsveanehpmonami@ding epnsthnt.t op surface of the el ectrodes

(a, b, ¢c) and the nenory cells (1). 10. A non-destructive readout nethod
in a data et orag@)p@pﬁ@g@bugrdiﬁgqmcmiﬁg1';o claim1l1, characterized by the
b

readout of data bei ng. performed subj ecting th 10, subcells . a2) of
e menor yclaneterag ebet Pa oF sroreiae Bcaty G oo leR i se st i

conpr éssi vewyked e prubidedotrer g tadesadidoof die pheagedandiob, cpaidthd y and/ or
magni t ude @ -[Pi ezoq#e@tri cally generated voltage or current fromsaid
subcel | s (glf,1 %ﬁ’)c QSponse to strains resulting fromthe application of
said tensile and/or conpressive force. 15 11. A nethod according to claim
10, char act@y i zAdnoy-degiryctivpseadoudiasihoddand datasitoragestriarpiisng

transm ttegeddrdiddeo BREMON, of el ectrodes (b, c) that are part of the

physi cal structure defini nory c

i [ .12, A nethod
accor di ng ¢kpracigrigethby %‘Eﬁn%%ir%&gbgr%igﬁae CHNT R @I"ﬂ%‘% i)béirﬁ é‘?%’gaﬁ; lel to

the sy f acwmlmo@lb o@?b@ i frﬂ“)fno@f céH%ﬂH)YSertbé féﬂied&oﬁé&ﬂﬂ@h& gd. 13. A
nmet hod accordi,n

g claim1l, c aractnﬁrl Zed b ggltd tensklﬁ and/
conpr essi vEEDSHE AR 81 RGMGETS SR EUChy H‘é)ncé‘ﬁ%ﬁ;ﬁt GEHPTHPL BRRtE MY fiel ds to
pol ed ferrpelagiy ranel/oF mabaititiebfFeasdlatirRallyr gosicieied dltapm o eleear odes
(b, ¢c). 14, A rrel(ﬂolg&aeicordl ng to claim 13, characteri de b¥ sai d
ferroel ect Fiog §p1desihaellst afia) inyesponsh s syamsyssuiEe ropthey et hod

accordi ng appletaion b4 said tensile and/or compressive force.

15 11. A method according to claim 10,
characterized by said tensile and/or compressive force being transmitted by
the motion of electrodes (b, c¢) that are part of the physical structure defining
a given memory cell (1).

12. A method according to claim 11,
20 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,
characterized by said tensile and/or compressive force being generated by the
application of electric fields to poled ferroelectric or electret material

25 proximate to said electrodes (b, ¢).

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

15. A method according to claim 14,
characterized by said ferroelectric or electret polymer (2) being the same
30 material as used in subcells (o, o).

16. A method according to any of the claims 10,
characterized by said tensile and/or compressive force varying cyclically in
time.



characterized by said ferroelectric or electret polyner (2) being the sane
30 material as used in subcells (al, U-2) 16. A nethod according to any of
t he cl ai nwobB/057bar act eri zed by said tensile and/ or conpr @ETING®2/00176 €
varying cyclically in time. W 03/ 0527?% PCT/ NOD2/ 00476 18 17. A nethod
according to claim 16, characterized by detection of a thereby

pi ezoel ectrically generated voltage or current being performed with

coherent ayeragi = i qu 18. A method according to claim
10, 5 char le/z't erﬂg‘ﬁ%@fi gg&&?ﬁ%@fﬁ@%ﬂfﬁb( conpressive force being a single
step pul seharagterivedehydategtionrafi mthereby pigznelesirichldy generated aobtage aird

tensi | & andyQenCRERESNIRYGLP Y bRInPadSkbmPHL $5100 dusfuel such

pul ses. 10 20. according to clarm aracteri ze y said

el ectrodes,¢b, ¢) _acti upqQn two ot e menory cells (1) sinultaneously.
21. A net h%)éj fog\ %Sﬁ?%gg%%%ﬁ?%‘io ]%Hggﬁ’s (al, a2) in menory cells (1) for
wr i t e Soperaidranterizedsbydsdid tshsil@gedappananessizedores beingoa singilestep 15
characterié‘ﬁg by poling each cell (al, (X2) of the pair in one of two
poling di &cfions oriented orthogonally relative to the twin el ectrodes

(b, c) opposing each cell (al, a2), of the pair, whereby all four possible
per nut at i oﬁi of SRSt awrém@ea?l@im an be realized in the two cells (al,

a2) of thehdratferizé@ by said tensile and/or compressive force being a delta pulse or
burst of such pulses.

10 20. A method according to claim 11,
characterized by said electrodes (b, ¢) acting upon two or more memory cells
(1) simultaneously.

21. A method for poling pairs of subcells (o, oz) in memory cells (1) for
write operations in a data storage apparatus according to claim 1,

15 characterized by poling each cell (o, 0,) of the pair in one of two poling
directions oriented orthogonally relative to the twin electrodes (b, ¢)
opposing each cell (o4, a,) of the pair, whereby all four possible
permutations of the poling directions can be realized in the two cells (a, o)
of the pair.

20



