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Bi nodal operation of ferroelectric and el ectret nmenory
cells and devices The present invention concerns a

woreaokaadi4ior enhanci ng the data storage capabi | PC/NOR00&/000119

ferroelectric or electret menory cell which has been
set in a predeterm ned remanent” and non-vol atile
polarlzatlon state and thereafter allowed to attain an
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str1pe -like electrodes called word hnes and a second set of parallel stripe-like
electrodes called bit lines, and usually provided orthogonally to the first set
of electrodes. A matrix of this kind is termed active addressable if switching
means, e.g. transistors, are connected with each memory cell or capacitor-like
structure, thus preventing the memory material thereof being in permanent
contact with at most one electrode outside an addressing cycle, and passive
addressable if the memory material of the cells permanently contacts the
word line and bit line electrodes, usually by being provided in a global layer
therebetween such that electrode sets and the memory material form a

sandwich structure, although other arrangements are possible.
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word line and bit line electrodes, usually by being
provided in a gl obal |ayer therebetween such that

web®stogue sets and the nmenory material form aPGENO2#08/000119

structure, although other arrangenents are
possi bl e. Menori es based on ferfoelectric or electret
menory materials are non-volatile, i.e. they retain
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non-destructive readout of a matri x-addressable array

ff should be noted that when a memory cell is subjected to an electric field,
the polarization change is not instantaneous, but follows a dynamic response
curve and this property has formerly been exploited to provide at least a
partially non-destructive readout of a matrix-addressable array of
ferroelectric or electret memory cells, as disclosed by international published
application No. W002/05288 (assigned to Thin Film Electronics ASA). This
is done by limiting a degree of polarization in the polarizable memory
material during each read and write cycle to a value defined by a control
device and then controlling read and write operations with said value rangin g
from zero to an upper limit corresponding to or approaching a saturation of
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ferroelectric or electret nenory cells, as disclosed
by international published application No. W02/ 05288

w@awsilgred to Thin Film El ectronics ASA). Thi SPCBENOIWS/000119

by limting a degree of polarigzation in the
pol ari zabl e nenory material during each read and wite
cycle to a value defined by a control device and then
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relaxation of the imprint condition and thereby changing an existing
imprinted polarization state to a relaxed and volatile polarization state that

can be discriminated from the imprinted polarization state in a detection or
readout operation performed in a time window given by a time constant of
the relaxed and volatile state by either a change in the dynamic polarization
response or the memory cell or by a transient change in its charge value or
both.
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imprinted polarization state to a relaxed and vol atile
pol ari zation state that can be discrimnated fromthe

wo psitet4ed pol ari zation state in a detecti on oPCT/HNQA®I000119

operation perfornmed in a tinme wi,ndow given by a tine
constant of the relaxed and volatile state by either a
change in the dynam c pol arization response or the
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and assigning a second logical value by applying one or more potential
differences across an imprinted memory cell, thus transferring the memory
cell to a relaxed polarization state, and discriminating between an imprinted
and a relaxed memory cell by recording or detecting a dynamic response
thereof, whereby the temporarily stored data can be read out in a
non-destructive operation in a time window given by the lifetime of the
relaxed polarization state.
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di fferences across an inprinted nenory cell, thus
transferring the nenory cell to a relaxed pol ari zation

w@r@sa4and di scrim nating between an inpri nt eBCENO2@5/000119

rel axed nmenory cell by recordigg or detecting a
dynam ¢ response thereof, wher&by the tenporarily
stored data can be read out in a non-destructive
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polyvinylidene-fluoride trifluoroethylene (PVDF-TrFE) which is the present
prevailing candidate memory material among organic ferroelectric polymers.
In the following the memory material will for simplicity's sake be referred to
as a ferroelectric memory material, i.e. one capable of being polarized into
either of two polarization states and moreover having a coercive field and
hysteresis, although it should be understood that the ferroelectric materials
form a proper subset of electret materials and are usually distinguished
therefrom by its capability of showing hysteresis and a coercive field as
stated, that is a material displaying a ferroelectric behaviour below its Curie
temperature. Above this temperature it looses its ferroelectric properties and

becomes paraelectric. The hysteresis loop in fig. 1 is shown in a coordinate
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hysteresis, although it shoul d be understood that the
ferroelectric materials forma proper subset of

web®stowtd materi al s and are usual |y di stingui SPEONO2005/000119

therefromby its capability of ,show ng hysteresis and
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LY R ﬁ%@rﬁ“élt? NEh@PST8HOPo -Gr PREYIDS 2B AR E G HElcdgenst
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a swi.t chi eratjon, i ppl an electric fiel
SoRtaiys NolBeRPet-eriber albpt 43P Mespat Ve Bt Litgerrossings of

thenysteeedis eutlvs hal lthe abkeisporgettidgtdi€erroelectric memory cell
from its virgin or unpolarized state to a desired polarization state is done by
applying a potential difference or voltage difference across the memory
material and larger than the coercive voltage V¢, usually as for instance at
least 50% larger than V. This voltage level is called the switching voltage
V. In case Vg is aligned with polarization direction, for instance positive and
in figure 1 referred to as +Vg, the polarization will be driven to the saturation
value +Pg and then relax to the remanent polarization state +Pyr which in fig.
1 is taken to represent the storage of a logic 0. Similarly applying a negative
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coercive voltages, i.e. the values +VC, - Vc
respectively at the crossings of the hysteresis curve

wapastbgiabsci ssa. Setting a ferroelectric menmCHNO2005/000119

fromits virgin or unpol arizedgstate to a desired
pol ari zation state is done by dpplying a potenti al
difference or voltage difference across the nenory

L A R
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abthessivi khiing vedlagei ¥t iresults imthaumgmary qedbralaxingrio the
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P @Euzlatth@ﬂtlﬂé:’ﬂifféﬂeme hﬁ‘tw\&@ﬁ dﬁe tst‘tﬁedllbgi‘d f@naed "1 h%asﬂy is
the electric f rever.se

BReAif Bied T She iR dperiing) Flovieverpgahk s Bghdalim were
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pélerizatioedtPpaind still eesdlt' i’ ddafig the polarization of the cell
towards to the negative saturation polarization —Pg, whereupon the memory
cell after removal of the switching voltage —V§ relaxes back to the original
negative remanent polarization —Pg, thus restoring the originally written logic

HIH.

In the above discussion it is assumed that a memory cell is in a non-imprinted
condition, i.e. the data stored permanently, but readout and switching is
easily performed by applying e.g. a single switching voltage pulse in the
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di scrimnated in the readout operation. However, if
the original datum were destroyed in a so-called

waelewsnoatd ve readout process, it can only be rBCENO2@S5/000119

by now perfornming a wite opergtion to the nmenory cell
in order to once nore change the pol arization
direction thereof. This is done by applying a negative

%é\édcﬁfii rHPbhagf a §trbge{i Qﬁt&ﬁl { i éfal?waﬁyftg etaﬁ}/ reset by
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ﬂ%”i‘%)h(ﬁ Ide11 8ﬁ?6 K ored %cﬁc‘essﬁ%“?ﬂ he nB}[m?P H{é’dengncf’ A&p&ident on

re vol tage ses Wi ther a ver
uhsea@entoacg@m fsequrnyaid angythén r@nairyln th@gnon imprint

é’éﬁ(ﬁhbﬁn T4 BtR¥PKR s r@ﬁ?ﬁ?@g g epéﬁh%trsfﬁésﬁ Q/Oﬁ’lﬁ]gEQ{y%]es with a

tryctive readouyt o menor
%%IF?ijy\bég Rfrequenaye Impsintasdbe skaidaden t he
possibility of carrying out an addressing operation to
‘Eherpobaryzatain sbk&pe:fotm nnpappéd/mtgnqu telpenspubsehangéd in

APrASRE Ao bBL ALCRRAT IR X prdr el dmbiEiinn o T Rsannsrgnt
léléflentlosumprmt 1smmlamd byla@plmgoqoeamdl smquleacalosf dipolar voltage

ﬂlﬁggsggf Tﬁ?fy@ﬂoﬁsdﬁfapﬁh drt leﬁgor b&ﬁ%ﬁﬁr\;ogfageg nﬂéal%lbie to the

ren ’e accessi

plingrvdtage ar @éfpérhjgh@l obhis lpg os edberequimil redex ¢bs imprint
Jdrﬁﬁti@ﬁ%d' thé@tatétﬁﬁeﬁ@@flgh b@u&:'&ﬁ Héoféa'd t E{ktnormal A

I n other words

é‘f‘?%%@ Q’GBﬂgﬁg@ﬂé? SFayeRgEe fpraefigcitla% |ayre|11amlqn efjthiadsind in an
mpinted Hemndig @IPisdﬁfbwf[ he POl B '"Flg%'f?éhr%tﬁhﬁeﬁf thWoltage

purﬁ)er Isgctll?eqlcgeg&gly eg (%or relaxmbgear(l:crl] ?ﬂe resulting readout response of a
memory cell at 25°C after residing in the imprint condition for 1000 s. The
applied voltage pulse sequence is shown with a thin line and comprises an
initial pulse of about 30 ps duration followed by a sequence of much shorter
pulses of opposite polarity. The readout response as shown in a thick line in
fig. 2a shows up as ringing pulse sequence, initially for instance as a 30 ps
pulse corresponding to a polarization of between 10 and 12 uC/cm? followed
by a sequence of very sharp pulses of the opposite polarity, but with
approximately the same polarization value as the first pulse. It should be

noted that the pulse amplitudes indicate the correspondingly attained
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di fferent ways, but according to a preferred
enbodi nent of the present invention inprint is rel axed

whyooapml4yd ng a rapi d sequence of bipolar volt apEeT/NOR®S500119

of fairly short duration or length, but with voltages
conparabl e to the switching vol fage or even higher.
This procedure shall relax the inprint condition and

nESldilfﬂa@loqlo%l E§ \9%[ fehll‘hecsqldrt Bs Ry e%&%cﬁ I t%sthe abscissa mark
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B et ht‘éﬁmw mouaﬁ@aiwgr\gaéu@%.pﬁéée sieRopycell shall,
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REUARER: B HESuR° sol b e el g AuRFteltistant of the
sd}mallnlbqocdaﬂyammdespomm nate between a readout signal
froma nenory cell inits relaxed condition and a

WHE@feadQﬁ't lsigral '11t1 %hb%[d}&td ﬁ%@' hb%ve§' SAd180ifr ?r gbﬁrecmbly
e |line endi cul ar%é? abscissa in
?lﬁl A VoY 5% 35 rﬂ%thwmﬂoamt@dn@@@pnhgell and this
phloss 0 it e aymmn@ ezhaeesctanmbg f08e8f ad 4hMwoMH £8. 3. Herein the
coul d bere he nor nal WItChIn vol t ag

&pp@g@p%cu tegf y.nﬁgng,gg ArigAtioR 5ﬁSE<§}§§o’§)§raynon relaxed
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nits

C@gﬁ%mnn%lbcg%egﬂ qd qrhotteﬁgp app 1ca(t)1on ot the’ 1n%ﬁcateg number (6 to
5556) of bipolar 30 ps voltage pulses initially at 14 V after the memory cell

has been in the imprint condition for 52 days. It is easily seen that for
instance using a pulse sequence of 56 bipolar 30 ps voltage pulses resulting
in the third response curve from the top and bottom causes an appreciable
difference in the signal strength between the imprinted, i.e. the non-relaxed
memory cell and the relaxed memory cell. In the first case the polarization
after 5 us is about —6 pC/cm?; in the second about —11 uC/em?, giving a
signal strength difference of about 5 pC/cm?. This surprisingly large
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sense is non-destructive, i.e. the original
pol ari zation state is retained, but the readout or

wob@yiotionce nore is allowed to settle in itsPCTNOROUS/000119

condition. The actual and inst aph aneous pol ari zati on
val ues of the nenory cell shall; however, oscillate
about the remanent pol arization values wth periods
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veyagrahergtresad ting tﬂwrbﬁyﬁuﬁleﬁfo@ d‘@l‘@éo’rréﬂfmrﬁﬁn Soafe
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RiCRIBL hoTht pOIAEARIGT SoesbRRS S reliRE Rt pfyiacRins of
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ngicaied.i ldds nome daginest o demporgiily opervertite thib nrra:mnted byte with

I a[THéwrtIatS St bOBytel 1®10 THER THIS thERYIEAY YA hxBEs the
nl?neﬁjr?gted polarization state of the first memory cell, leaving the imprinted
polarization stated of the second cell, relaxing the polarization state of the
third cell, leaving the imprinted polarization of the fourth cell, relaxing the
polarization state of the fifth cell, and relaxing the polarization states of the
sixth and seventh cell, while the eighth and final cell is left in its imprinted
condition. The memory cells remaining in their imprinted states irrespective
of whether these are corresponding to the positive or negative remanent
polarization state are now taken to represent a logic 0, while all the relaxed
memory cells are taken to represent a logic 1. This allows for a very simple

rewrite protocol, as the original polarization states do not matter at all. The
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order to evoke a response fromthe nmenory cells, e.g.
for readout or for switching the nenory cells to

Woppeaie pol ari zation state. It shall now be BESENOR@S/000119

that a full row of a matrix-addfgssable nmenory device
shown in fig. 4 shall be overwitten in its inprint
condition with the new data. Fig. 5 shows a di agram
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nea,t
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é/nam C_response t he axe
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Zberation and which shall be uploaded in an immediately succeeding step of
the processing operation. So-called high-speed cache or buffer memories may
be used for this, but they shall in addition also be allocated for the permanent
storage of other types of data, for instance source code, e.g. as used in the
processing operation and which must be retained. This, of course, diminishes
the storage space available for prior art temporary storage of data which can
be a drawback in larger data processing operations where the need for both

permanent and temporary data storage in the internal memory requires a large
data storage capacity.
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O course, if no further access is attenpted within
the tinme wi ndow given by the |[ifetine of the rel axed

w@oloanomad i on state, these nenory cells wll rBGENOR@5/000119

to the initially inprinted conghtion and the
information witten is lost. AS will be seen, readout
of relaxed nenory cells according to the present
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MO Y ‘%@Vlf’ﬁ @099%% o tlee povasdiom witle mermdoycelydhdhe imprint

n
p%‘j} Shed L né?’?%‘f‘ﬂ%éﬁi*nﬁg“bﬁﬁg??g‘%@%@/d&%@ tive

I INE R EBHORS pie® tflfés‘é’ffﬁ ﬁb@ @l arizatéen glirections of the

aﬂnemwytdbllsh@k@ ;ﬁ&@dﬂtThlﬁ\é@ﬁtBeOébmpa%ed With %dHP@sm%% operations in
%/namc res onse that, actual | ters In th

BOB BRI Ry dlediceShen PRetheerstaze 5@ynafithe memory

m NSe rd &l hequdl aisti
s e elsab e af ol SAAPLOR 00 808003 S fogic one

ug
S Be P e Hriont bpftasiomehs rgadent neatly alwys shall be
querfespedds rgfilbrewwead . @pdi atenedry Berlsion ihe &to¥ word lines

relkcha gt fof AR AP DRTSTER HrThie o BSSE hihinteells (or
dppliscsabfyhe Tore aepat, shereatmittderidrataissoofalied axedrb, that is

TR RLARL b 050 gl SIEE, B0y Encive
ovohtiaes sThisoesr tda mrgdesatemblbee anmaléorated by ugiplainfeeavsuitable

@lrse rb{ R tponc‘f blﬁgs[ﬁ %@ﬂ%@t%xpoﬁg?ghgg Y&PSE that for

i.st enporary storage o
g@ﬁf@ﬁﬁ? énountatopmselepiedcirastion, wynsaliy poe-leifl ontunehthird of the

Ssbﬂkémﬁg it QRded Ny By llﬂg? ghétlﬁ{ glr%léccﬁﬁgl éanag i ﬁg@le and

he processi ng op eratlon ed cac
&#alﬁiﬂf%m%ﬁﬁ@r W@§ HiERgS uiringethefisad w«ge foutinstasye to the same

Svhiilieﬂgel levapgs Hhé’ﬁ]ct@{l@ Bthﬁl%altH&‘%PSﬂelﬁﬁﬁné B%Eé@t'i‘ﬁnﬁlfferences

pes of r 1 nst anc sour

f ot
Bihe%g (G faumed sl atenevipichoshudh Aervsppal onanihe offect of

\Whitalhb RMestagles. Sﬁhﬁhﬁﬁfbto%‘l‘ssare Qtflsd: g?ﬁgrdt\%lgh Qig?)g}%%tlvely read

the storage s avaj
Hgrage cgHs R?S&c%ﬁeéﬁt da?n SWét edraagla b their mtgj@al Heteaization
ptateese) hgl(‘)mllwé I'THis enhlLa bmeherst 151@'%6 l%@hﬂ:)lex protocol,
nent an %r%nﬂ}ﬁta stora (%lnt rnal _half of
ﬁ@%ﬁé 85 f% fF‘%Pr 9 QVIage ARG PyMEd ahane-half o
ible ntﬁmoqsceld)s pErgong O1|$klo|n| ®eord lihe (%ﬁcerﬁﬁlﬁg &blltfatgeépulse
evi.ce ac 0 the invention
R R R A RO il B P DRt e oseinges
l@eau@dor(alqiwhhsleﬂ appittiatioanWiO2YI0528 Tndn-tHe giresisiti iv@ention all
r |

AOHLERGLRILEPANCYE BOrse'uf ip ifle TR Cdhiliolgad any write/read
ppataélomsh ivehichrisiielly eapdreepertbt eddatr & £sllmgvopaiteticads are
hﬁvays non-destructive and shall not be able to generate any mentionable
disturb, to which imprinted memory cells in any case largely will be immune.

The present invention discloses a method that shall allow a memory to be
wholly devoted to permanent storage of data while at the same time it shall
allow the permanently stored data to be overwritten for temporary storage.
This, of course, effectively doubles the data storage capacity of ferroelectric
or electret memories as used with the present invention The volatile or the
relaxed states may then after the data has been e.g. up- or down-loaded in a
further transfer operation simply revert back to the original imprinted states
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a non-inprinted nenory device, when on the average 50%
of the nenory cells in a row (assum ng an equal

wale@snowue i on of | ogic zeros and | ogi c ones) sP@Ei/NOR@®5/000119

switched in a readout operati opy A's readout nearly
al ways shall be perfornmed as a?u row read, i.e. all
menory cells on the active word Ilnes are read in

I t .
th?érHﬁ th@%t@a‘ﬁ%&ﬂy%& nes@iﬁ‘fof o&%%%a@ﬁ%ﬁ%g&%ﬁ% as mentioned
rébdlvj@rt generate a so-called disturb, that is
undesired vol tage pul ses to the non-addressed nenory

CHdee\fEE Ithﬁajl/ lbatﬁesmgbll@fcﬁrdtanﬁﬁhe abtastkfaagrdsostall‘dt:@ﬁﬂ@he second
ext ent ane ate a.suita ol t ag

G AT SRR e oy o/abR dolisR iR el dip Cmedhd s, This

| ewelbs ddmetbyf subjeotdhgnhe rahmedﬁnémc&y&&lllsodfeﬂle repetitive refresh

L el B SR T e Bl i ot

ostasé.dbltarmatipvedly yind ecaalodt datanmiand & maisifaree o dnlotinaslocation in

S By 5 SRRV 5ol BB BB, MRS B on e,
puithdeh patiodafly easrbselefbtet ieprint, Ha denmiedamwal refreskshall be
V‘f%cftgre?tpﬁléi* TS %ré’o?fve'h'ﬁoﬁla ?3§t%&1¢$?e§égﬁ% ag{e&xg]gt%tdu Iipshould

ges I ml ar pr otoco
db@WreUét,|hﬁ‘e®]§/V1|0@ad0 pereons dalled imise aure tlnawentahle snapping

Sﬂd&'@lﬁ%@@%ﬁ{(})& %pbh@ﬂrto %é %c{}ﬁbgpeﬂe@ié\fﬁaﬁdrg@tﬁhgﬂ andhng the

0|cva Thr s

psf@é‘@&%p a?MherﬁgaSrwed( i recair o HylospoYetel shensdalso be
Oﬁbtédatfhap%ﬁ&ft[@r&fhs‘lﬂ?ﬁi&ﬁhfm@ft‘of '?@ta'irﬁ dat%eét{ﬁecpfn 8 relaxed

r ow, L?é? concer ni n
pPbielaile cpafhtéferwe@,lémﬁ@ r@ btqp@ﬁ§ loﬁsfaérfleéélf@éltﬁol retain stored

B A ineyn aBeie ﬂaﬁﬁ@fm@éde@mhelﬁaﬂbs eRAARY), aedtHAHte a
non- addr essed

In the pres nve tio
BTt e laraeda ¢ emec{-jmiet oI AP gy esembles a
WDIR&M.ead operations, whi ch usually can be perforned
as a full rowvvrlte/read are al ways non-destructive

apgr ﬁﬁ@rh%{‘gwr@%selttc%{lqgﬁn%e?f frhzﬂnclﬁie qﬁ{ﬂriirﬁ;éﬁk%eg%oseéectric or
| alregmey nwnnqubfée\nnmm emgardeelswta limdeont when left in its
Wlhrﬁﬂ'lﬁ stﬁtéggﬁﬁg%ahh% a&iRdbdq 2hd PYad cﬂgnﬁ{lﬁ/ mﬁ"c\tﬂﬁn t is made to

evot to pernanent storage of
telae the memaony egllsovnd rdapethedmprintpdsnematy state. The

dﬁfhﬁh&ﬁl&? oP‘éﬁfrﬂ%\‘: G ek frﬁgrlhﬁ %ﬁﬂﬂ‘i&!n $ @ﬁeﬁ%e rﬁ@hﬁ)r%/ 9§ only

cour se, s the data st orag acl

oIt Teernr%cree%mi merblfeaé| @ ASSNARE FBPRE 95 USEAT PASTREY with
PIcaeitteivAKERé twibn A ré@li@ilits! ©nofh & BﬁleriaiiﬁeﬂleS&ﬁh%ﬁorage

then after the data_ha .
AR SR TRe S i o 0 Aot an SR isieppipyed in the
rm\aﬁhkr bickoded infthe Cp’rb@rﬂahveﬂiﬁ)@m Nheshety dyasiherine Iﬁfola’ule or
gﬁﬁﬁg‘ﬁ{ pgﬁlg%tatmn sttétj’creg3 q’or %ttgm%orgr%fu rstsorag(::r,eaél of bd%tg Sverwr wrltten the

permanently stored data in the imprint condition of the memory.

To sum up, the present invention allows for an operation of ferroelectric or
electret memory devices wherein the memory device in the first mode is
simply operated as a ROM and with the advantage of non-destructive readout
and in the second mode is operated as a fast transient buffer by employing
relaxed states of the imprinted memory cells, but wherein data still can be
accessed for non-destructive readout. As persons skilled in the art easily will



above. However, it may be desirable to retain the data

that was stored in the second node that is with the
waie®s0614vol atil e storage in rel axed nmenory cel PGT/NORG0S/000119

can be done by subjecting the ggl axed nenory cells of

the repetitive refresh with frequency of say 10-1000

Hz such that they remain in their voIatiIe state.

AehBp8ad huﬁibxertdrevaﬁsm PebtoddlId iRy be e?n af&{th%etp}esem

anot her catio n the sa witten
tlﬂ?éP‘éttl%n n&ﬁltye ?lh%mtﬁﬁesyéugnggﬂmx gﬁﬁ’f@élo%% lhe made that
@@1}1(1:69{1% ﬂMa%@ra@% Byebietvariten®Fithé imipfintbd @ﬂi\elﬁ%ﬁ cdlls of course is
refr

d, bef
qRE B Bansiai ort s obSripoao {eoyIanls dAbEss, away
the fobi onels elyes aﬁdmm‘salgkvbmebheldrwttheuaattradeatresartireg)tce the

3! £.QC res-can _be .appljed ta

JBO Y B BRed o B me PR EReh 8pbH I GPeidos the
tam)@ﬂi@iaﬁoa&)fdhmpresierﬂ:rinwemnjld)m da. otller eontaxts thaholubsk related to

§ngﬁaggéﬁ that repetitive refresh operations for
retainin a stored in a relaxed or volatile
condition is akin to refresh operations as required to
retain stored data in dynam c random access nenori es
(DRAMs), and hence a ferroelectric nmenory operated in
the rel aked node in this aspect resenbles a DRAM For
all practical purposes it can be seen that the
inmprinted ferroelectric or electret nmenory device can
be regarded as a kind of ROMwhen left in its
inprinted state. Data can be accessed and read out,
but no attenpt is nade to refresh or relax the nenory
cells and relax the inprinted nenory state. The
inplication of storage in the inprint condition is
that the nmenory is only witten once and then read out
as many tines as desired and possibly with | ong
intervals between the readouts. On the other hand the
data storage capacity of course can be doubled if the
sane nenory is enployed in the manner disclosed in the
present invention, nanmely by using the volatile or
rel axed pol arization states for a tenporary storage of
data overwitten the permanently stored data in the
inprint condition of the nenory. To sumup, the
present invention allows for an operation of
ferroelectric or electret nenory devices wherein the
menory device in the first node is sinply operated as
a ROM and with the advantage of non-destructive
readout and in the second node is operated as a fast
transi ent buffer by enploying
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rel axed states of the inprinted nmenory cells, but
wherein data still can be accessed for non-destructive

w0 edou419 As persons skilled in the art easil yPCT/NO2005/000119

willrealize, a number of varigst protocols nmay be
enpl oyed with the present invention. Finally, the
interesting but trivial observation can be nade that
giincwkhe data storage by overwite o f the inprinted
menory cells of course is volatile and transient, one

o0 SRSl P Rl B3 BG  P et

oegkrtich gndmotsheellnwhic hasbeentsed is hgiredefririned remanent or

e ; { . Tt o
PREhE01ORATERSA TR 9BE o 2okl By 19l an mpri
cebditiod,t o data storage only. CLAIMS 1. A nethod for

i ng - il it :
FRIALEDR 0P te SHOLARCRESHAEL G it st god
pelarity aadperedercaniegreti sulheivahto e okera teshpetary relaxation of the
Hﬁ#ﬂht ¢8h4 R Ak 81&995( tcﬁﬁﬁ%?ﬁf% Gh e%ﬁ?tiﬁ% 'i@‘ﬁgﬂlﬂ:& olarization
attain an 1 nprint condition, character]ze appl yi ng
gate tr anplegedgindayelapile pelarwration stiapbataern ©|6§$¢rﬂlgiunated
Ao e Hh g'{@é&% ﬁgra?izaﬁ%fgtateem alRIEMPKE of rbEIPR Ghetation

rel axati o i lnprint condition and ther eﬁy
perfAENAd 1R WesindpW epremb¥ P Porarrpserbat dhatelaxsdand
{6laanediAnhyvatiadrd hfledinl Al HPRadi@beldriadti dRedpnse or the

discrimnatéd fromthe inprinted pqlarization state in
ARSI DT gy o EAUYER! SR IDHSHAEEP YaluG r Bohrre

wi ndow given by a tinme constant of the rel axed and _
20l at Al methadt ecdordeg teeclasnc hamderein tmoee diamwine voltage pulse is

i zat i . t ; | .

PR S EhehiZE8 R ey HITET Y28 8, e Fipglr
thod according to claim,l [ th
N (A

dipptacagizcd bhpde gphlseticr e BhbValtagd pulsdret patkes corresponding
accor di rg)\% t o cl ai 51 1, char acngr zedbr b)é %he appl i ca%t!. 021 .
B VetE pRvstiar endhie daemprp geLbuhEred siadipn g olgt Edogic
onpes af datumis bherwENeh YWk thewaaieby aaotiarledic state or datum
fon-vol atile | o%gp%}[ate or datumis overwitten with

YeteThatany 0L X8 Y§PE state or datum for tenporary

or volatile storage. 4 . A nethod according to claim

4, chérmethad geepringto alaim de operation being _

B4 ddéép endeRtit© bpatian %Eiﬂ?p@%rfﬂé‘dadéﬂe%deﬁ@ o an
state of the 1nprinted merrtpry celT, and subject_to 3 .
pxistiaearan-Helptie desicoitate of the imprinted memory cell, and subject to

a predetermined protocol.

5. A method according to claim 1,

characterized by said write operation being performed independent of an
existing non-volatile logic state of the imprinted memory cell, and subject to
a predetermined protocol

6. A method according to claim 1,
characterized by said write operation being performed by subjecting the
memory cell to said voltage pulses with the same polarity.



10

15

20

25

30

5. A nethod according to claim1, characterized by
said wite operation being perforned i ndependent of an

w@zi0stomge non-vol atile | ogic state of the i nmprP@t/A02005/000119

menory cell, and subject to a %edeterm' ned protocol
6. A nethod according to claim 1, characterized by
said wite operation being performed by subjecting the

nory I g t | ses with th
gg' ar iéﬁéﬁhoﬁoﬁ?ﬁgﬁl@é’g&gﬁg’ to claimi, ° oA o
cHeraeicbizeddy widguite openadigpbeng perfpensg esylieqtiag the
e fieh) Q11 ROsAiAS oMBTRIAISE byillp bodl dovgifiage pul ses

both polarities.” 8. according to claim
chagacterized by. subject.ing the nenory cells to
;Bai d ond™8rq ?Céo\]igllntgag’lea@jpsg pul ses having a shape
avithrpotesizietbyasub/jocting e memgraicetlhdad saadisas drhmore voltage
i i cell t ' o ,
SRS BB TR0K arsiebe B o RBDAEy, i/ L EREL nfeBPROBRE cpuses the
vighprénted meoroey callt tonehenger th nynamic hesmm@eﬁérwg@@ged dynamic
9 v AL Quyy
PeSpgar boifte ATGEE 10T SALACS] BRI e fo the
swedetermipeé pao@cal.ned remanent or non-vol atil e

pol ari zation state and allowed to attain an inprint
cpndi t Aahethiiafrai@i-deseudyvapphdomgoDadeavelantac or electret

vol t age | ses .wth a shape and pol ari.ty.and/ or ti .
ReBERE R PR it bt S0, At BRlsBibg: 3RSt of hBR-volatile
ipftﬂhﬁialtx}img stdtetdnel aibowedtatdttenpol anpriat condgiat,e of
the cell. t.. Wthout alterl n- ti):
siupFisizRd poebtligty 8bi 85 e IS8R PG fifha shape and
dedlacity dnd&adotimesingegtal suffiesqdrndi ewpkeoa aeatartedgnal indicative
| 0gi vV Qr -ym: whi h e P .
oAt p PR ST B s tcrin e
mausOéatilierpd agizatioe state od. tha metiwy dedl, tge thus detected readout
- iV f f e j I :
"ABnfCehiiditing FRAMbr 18R] (RIS Bafund wilcfdidsoen set in
ribe-memery (cellpsl awiriatapshativatascanding tconpsedgerningdprotocol.
an inprint condition, whereafter the inprinted
comdi t Aanettarl femmar-destryctieercabaungefa tforraclacrisi antlectret

e S REh B B BT8R ese TPl
arslasizatipmetatetagl dlowed o citeain daoirepnke cgndﬁixﬂuutvhereafter the
f’llft}%?lﬁll]:‘w@? ?ﬁlﬁ(ﬁfﬂpﬁ OIte%p}éﬁ%ﬁﬁ}'/ ?%8&2%5 iggﬁgttboantr%?iteﬁt Ohlatile
polarization state,

characterized by applying one or more voltage pulses with a shape and
polarity and/or time integral sufficient to evoke a readout signal indicative of
a volatile polarization state of the memory cell, but without appreciably
altering the volatile polarization state thereof, such that repeated readout
operations can be performed in time window wherein the memory cell resides
in its transient or volatile polarization state, the thus detected readout signal
corresponding to a stored logical value or datum which has been set in the
memory in a write operation according to a predetermined protocol, said
write operation being performed on an imprinted memory cell by temporarily
changing its non-volatile polarization state to a volatile polarization state
thereof.
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altering the volatile polarization state thereof, such
that repeated readout operations can be perforned in

wao evs/10u4ndow wherein the nenory cell resides iPCT/N©G2005/000119

transient or volatile polarizati$pn state, the thus
det ect ed readout signal corresponding to a stored
| ogi cal val ue or datum whi ch has been set in the
ry [

g?gget éAlr ﬁ]leﬁfé%w '_f&e§t%ﬁ)ﬁ{gaéh8 rég@@&‘?{lg cﬁl@a tu? aaferr%electrlc memory
péﬁvmmnbrlwn@ran ADEY R emenerpT gel tsewﬂleb@/mt@tpdwaar dep written to
c

ﬂi”é‘ﬁiéﬁ%ﬂ oﬁ%allﬁoag}g%’ H{@Hélﬁoépl:ﬁlééf éﬁ?\&@% & Qtttginhéh ﬁpgrmt

vol atj | I on stat
sﬁendﬁw%ﬁba&%@%@%Qwa‘f%rwrrhtlag fthe imdrsdedicellisdamifect a

death §6r 0 MR %lﬁﬁl@ﬁo@ﬁgé%mlata R ARE )’néiﬁbb$ d\é@?c!eetbﬁ assigning a

dat een witten tQ the nenory
ngiﬁéfr (})gé%ﬁ |Malug F%@d%laﬁdamﬁnwm %@fwt aer?dnpthc@ﬁon of a

chatagia rdlﬁ%ﬁbtﬂ;)e DeRStOrAnd BSsi hﬁl% Hﬁébﬁﬁ@%%ﬁ{aﬂ S/ahﬂe by applying
ata in

effect ate g%d vol at i H
mgﬂsrfg? AR Rareppald GRS AP N |1@31er VRPATY Gelpn thus
i tﬂahsfdrﬁﬁgrthﬁﬁn@’m@ﬁj' kel foha B@laﬂempcﬂ@tﬂz@tﬁoﬂfst@te and

tential f.f erence there a |
§bﬁ°6‘é]|i“f\%ﬂ1ngebe§§?fegapﬁrwﬂgrlgﬁg3 aprd g SSI 41 g}ﬁrpg{y o0 by recording
de fletentingsa dgnamsc mpormmthémbfnwhﬂryby eht teﬂnbUSarlly stored data

f to a rel axed olarl on
o PAT PE SRl U 1 B TFRRE e bRt fh A R Y 8 0en by the
r bifetime Qfdhﬁrrylao@ldlpdiyrnzam@mobta@ or detecting a
dynam c response thereof, whereby the tenporarily
stored data can be read out in a non-destructive
operation in a tinme w ndow given by the lifetinme of
the rel axed pol ari zation state.



