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flow to or fromsaid nor,y ceI s in rggﬁ é to an g I.cation of voltages
to the WOrd aMEsHiar aqdiessingt %&ﬁl@@@i@fd theepsy. WhEreinghe £hazge Bpw sai d
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| ar ge number bII(glfac:(tmag@a tiix, agddressed ASehit¢IuRgs, &PEEQHI B Sﬁg’E%thP np%m%{)y eeld to
. lénfler go repefadcﬁﬁmm@mf aa’bn@reldffo@rderﬁlaé@ capacivdt S}(tﬁ@étﬁf&’v&llﬁ}[ lbﬁfa@s’@cﬁafe’dt [ gugd
ati gue ni nos nen gase
Cacr o1 vatt o Gttt Ricneients’ T6F SPhosficiic TRAeuBl Ao bISaAY dTayided i 36e

. whi ch are hi gifl twaisthbdie stités reprerseﬁnng ailel\lldf&ﬁforﬁmimrTlmdﬂmr}OﬂeMBCh
conplicates the readoui OGS the same
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Typically, the ferroelectric materials used in such devices are inorganic
ceramics, e.g. perovskites.

35 In passive matrix addressed architectures, which are the ones of primary
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20 extended tine period, it may devel op a tendency to be "frozen" into that
state, such that the driving voltage nmust be increased and/or applied for a

| onger tiwe) ¢2seygder to dislodge it and switch it to the ofdekoPRAes) zati on
direction. Prior art reading protocols that enploy read pul ses of fixed

| ength nust take 25 into account the |arge2spread in cell switching speeds
and pol ari zation response that devel ops due to fatigue and/or inprint. Thus

t he pul ses nmust have a high voltage and a | ong duration to, be sure that the
wor st - case sd@kaianeedahe PR ARy aiomHhe thiy-fidenekerred pelricomatenalrisl

reasons. A hisgRduethayBet Wt 850 brfHtionaPsbts HTh18B-8dEPAEE Hpirandi ng
driving circuitry, 30, nore power consunption and_increased cross-talKk.

P
Longer pul sescapﬁﬁqtg)rﬁ&ﬁe%trw%wc medaineachaonarisp LgeeR Petwepn (Crgssing
errlpl oyi gg I fr&?ea?b@ @?imﬁ%:ﬁ?ﬁeg! as?l?@oﬁ&%tk{h §t‘§té fn El’[@&a;@dcﬁtd@rsittﬁigit?@t, or
only nodegrately, fati gued sha itSelf contr e to accelerate i gue.
't Vs n; orvBISHRAnAbiER Al FleBEm AT RERIaTs vello 5 BURHE CHEW Hbth BHOTHES 35
re?di ng glnd %iddngngfgggg%itg egen}vem, %@ggggge tb’itﬁﬁﬁa@:ilv@hﬁﬁfibd :fdi:lrb.ysing. This
pol ari zabl e material., in_.particyla :
et roel oct 11 ASCHFINESS Erteraliv.AnraaeBhoR drbeissube b Battsilrb by warasss
met hf)ds tgat prbpeftb@s? apdaneresemtrady e ﬁe&ﬁt,icglgaﬁicybwedl feasdaedec s ehavedsdn and
are |l ess de j t NN [{r:cui t pr nt ~ .erhatives.
5 The apove abp aufiefas Btpfliatty Weflriihbtob MheRnPRaHa AR, NIEATP AR
with a 8t hodlestiuchivaty,drdibygimpodihg annalecitricofieldsthat aaaseepolaezabipnl i mi ti ng
a degree of | 1 of. i ri ter ] .1.ng. each read and
wite cycle Pagi%ﬁbét?t&g @lgfrﬁ ﬁ@%%&gl@@l@ﬁk&of%ﬁ]ﬁ%ﬁetlggféi\./{égleo%éont rolling
the read and wite operations, said value ranging fromzero to an upper
limt 10 cor A8gpanyiapglicatiens.ut as ﬁ@ﬁr@blettﬁ@eﬁgﬂw read/ MEHCARETAdPRYIN a
consi st ent WidiheRRsiabey BeNediagsed hafiber (o¥Ttimes, ahi whld dileatiei plantablae
|l ogic state of a nory cell. I'np an advantageous enbodi nent of, the maiho
according toWﬁ@r{ﬁx}%ﬁ?’f%ﬁ,tot‘HEPeéSBrf%HeartB iPOATIIZAfI QR TG erga Yltimgately s
determ néd bybezdndpidtipaledoFatdud mari€ens inpIfan\diffezgrt walysesost he
characteristics a i evi ce.

f ich.is controlled E. éhF cont rol circ$|t I n
that connect iFGRTPRCREY FSIPEFGASEC COCELYG qu hIOYPTASHaneDt ROTSHZAUIN 2Ry ¢ he
mermory in fj ersqfrewe? swtémhlimgpbg?mﬁmuch_ané hﬁgielgrmrdwsj/rabki irsme_c»ncfbgfcd@.:i_eean]g

rint-inducjng,.factors and/or,agquiri e_response_jinformation from
20 one. or  morenAGDRP0RRERCS, VBT Orgplifalis e SesdQ THOEREY it ang
eﬁt abl i shi ng Whengx edéﬁfieﬁ mmdeametpcﬂm*igaﬁimlfstaﬁe énel/ logit Ismta)tc’_fpﬁ are]g .
charge ngsponse..i At i in..Qrder S ar St ] e
vol tggeﬁgulosee%(g?ngéffb ) pg‘ﬁad’t ﬁéngﬁgFgglg%n%P%dgﬁlﬁJS lrbﬁyaﬁhg# i %533@‘ t he
accumul at ed ratateesuch thaaticahiviog waliage myst be imerdased angior rapphigdtfoma i n
speci fic 25 %ﬁg%ﬁiﬁ% lﬁoPc{er%gieiE’@rq%fe i%Bﬁ&'sWi HH T8 ){e%‘%hélsli)ol%'ﬁz%ﬂ% 9

I e
: t

response infor Ion can 1nclu orrat i on about previousty recorded

char ge resporfbeed@eMhvi our of the nenmory cells. It is also then preferable

that the charge response information is acquired fromat |east one pair of

reference celPsor arttreadimgt protocolsehaetnplay wiaes of gherbeniitlngnstligigi c 0
and t he,@t her. ?(E 30 |

oqi 1t is in the nethaod accarding tq t.he.invention

Preferrda t hdfte ACCHBH gitaEse HiRAd AR Rl TA T OB O IEARBr | och ¢
anal ysi s of respomseaticht sesthpstdue wofpuecaid/obunpoins. (Thushthe rprdsesdmast
charge respo f i fernen cells or. address cells,
el oy ng. ¢ nausch T Ppliabe aff SRR Gyl ol 1o B LERARRL FEY ok e
al gori t hm f orscenatioaiduld det hemdled dT hisi iseindevibablz/ it @@ veral reasons. A high

voltage implies higher cost and more space-demanding driving circuitry,

30 more power consumption and increased cross-talk. Longer pulses imply
lower data access and transfer speeds. Finally, employing long pulses at high
voltage even to cells that are pristine or only moderately fatigued shall by

itself contribute to accelerated fatigue.

It is a major object of the present invention to provide new methods for
35 reading and writing data in memory devices based on electrically polarizable



4 PCT/ NO01/ 00290 protocol. It is then in addition also preferred that said
anal ysis of noise contributions is based upon a statistical spread of
charge re recorded fromcells in known |logic state hoigl e
cells bei ﬁgpa d?sesssed a nunber of tinmes and/or froma set s%(%f/lgleﬁ@?rl? but
physically different nenory cells. 5 In an3enbodi nent of the nethod
according to the invention wherein the control criteria are based on charge
response information, it is advantageous that at |east one of said voltage
pul se or pul gesterialainspagpiondar teyeogietisiesovheaehnhepolanipationseandbe prghdd

b, ot PEPLONGAT & | \ ! |
o | evy CAReH SR s R S o RO BRRLE I ERRleTy
the charge relfiospeeds andarg kessalomanding of the |[dshiisg carcualy thap ggegentsday

respectively, jgdn¥@iéQus points in time throughout the lifetine of the
menory device, and/or that said control circuit device generates a

nreshol vl i, b, 98BIl 3 A S oS BRI R

i n anot her 1% meblocd merith tacadbrdihg toaht invemtiowis ¢halevietzedntpyf tiysi tingea ge

choson | ocat (e AT aal et S Ph oS abs, ke daf Bulfia e 20 Nt

advant ages angcilead aneduadefiakd dyaitiei @orerblveitduiadenpparattosllinigi the rasd andi ng

to the invent i cterd i hat e! npri ses
circuitry V\/ni%ﬁ?%aﬁﬁg‘{lg&gp%%idcgeﬁﬂ_gr{ggé&%oﬁrﬁ gbg@lot @aﬁfﬁp?éfﬁgﬁ gegr ee of
pol ari zd0i on aireespending &6 dafushton péshe podarezdtzin dud bengechsisiead vebll write

cycle to a Vzﬁﬂégefé‘f ifEd cPﬂfeﬁQ??Phrreﬂ%leC@éIE&%ﬁ io@Qhé?é%crsQ% @f’"&'rﬂ&g&ﬁr
operations, said value ranging fromzero to an upper imt corresponding to
saturation ofcalhe polarization. 25 In an advantageous enbodi nent of the
apparatus according to the invention the nenory array conprises reference

cel I's with krigvah h@gastagtateembadimeht bf thdarthodhecadding tbake iheentidigr ence

cells are localized in pairs, one representin | 0gi C % and t.he .other a
Cogic »1 " cieiskaied Mgl Eitan 06 auBProTs ce e oL Biied BhBdgRUCALDRE
array. 3G I n & br aages/dltagespilseqrtie nfatarittisticnyewthicn ipeedrolied biyhhie

sel ected cell squ nﬁésa%grareference cells are assigned to track the fatigue
and inprint & H@p e V%C|5:ecified groups of nenory cells in said array,
by bei ng exposed to the sanme pattern of polarization history and sw tching

events, and tincihat enpeefior s nrefesrgd tepstablish a@eaqqi@&ﬁlpﬂééSt@FiY%Etllﬁ nor e
word or bit 3@ehid?9SnitBrhef2Eeded cxEchR26PARSIRETINM OR29% e Rl

i nvention shall noWw, b(f explained in detail, w éh reference, to the
acconpanyi ng WRRRKEPGUIRE dactor,anghor Reapying ¢ a%panﬁ%ﬁéfgr%atlon from
p0|hari tZQlO' Fln M&b?hﬁﬁb&nlémro&‘? cklE to@ éfaﬁfsrmh%dﬁidrzcbbemlt&tilﬁrthélmg@i){,iﬁld I b
schematically ry cells connecte o word and .bi ines in a sive
T ot SR ing fthe PregasaRnos g ERoR AN sdla” e b Rarke .

| ow and hi gh fegppasainfoesatiohiiarordeespeadjusy ehy chafactdréstivsl eff iheatoloagd n t est
cell s contai ni n]g ferrtinel ectrir{é tderi als ig 1pri St itﬁe aHd%lirdré tgat icﬁued at
states, and JOPFPQT PYISES ARd HiE AdAESsSng Bisspryamiay (BgR dnelide g ferimirated; o
from nenos y mehbsr ef ceadiand/orovtiteec yrles ant/arriveprintomg tinme or epecific

facilit a e I f I (v i I bel ow a
bri ef dasor; pRepio g IR LR B sBec e RS G 5 Shefls Mhpp i

princi pl es i ninfbumation cahanchulei infoimation abhut presdnuslyrrecoedast ehangeci fic 15
exanples of ehadhiPALRaiBEF BPThEHfrHbYLRelIEIBis A1sD ABAWIeRurdBRONA e

pol ari zation cufvé defining the polarrzation response of a ferroelectric
menory cel |, ¢hargeiregponsgi imfonnaiden ivHgequirad fraratas leash @ngrpair @ésefemence

. background fo Is ' [ ' T | a,
DTt S R DR S AP A kel TSR R it
ogic 1. .

It is in the method according to the invention preferred that the control

circuit device performs continuous or periodic analysis of random and

systematic noise contributions to the recorded charge response from said

reference cells or addressed memory cells, employing the results from said
35 analysis as input data into the algorithm for controlling the read/write



20 resides initially in a quiescent state without an inposed electric field
and that the ferroelectric material in the cell is in a polarization state
char act eryyga@ kg€l t her position +PR or -PR along the pol dEFabéiAaxi S
depending on the logic state assigned to the cell. According to prior art,
a reading operation to ascertain which of #these states the cell is in shaII
i nvol ve the application of a 25 reading pul se across the cell with a
vol tage +VSW TCH The | atter voltage exceeds VC, the vol tage correspondi ng
to the coercipvetociodl B ip ihemén addiign aﬁpame&brre@yh@t yaad ginalyehs o npise
sufficient t r

Lok @tlﬁﬂ? %%&'u?@ﬁ%étéﬁsﬁ% pre C PEH%x%te'n%@RBE s”i%coide?‘d

into the regron o steres curve ose I'i near.

If the cell pPFegibls i I‘FI&WHéGgICnStﬂFﬁé immﬁraglé cels| Being addresssd %hwam@
flows to/fr O%‘ftthﬁe§ﬁhﬂloﬂ ﬁ@iﬂ Qgef BE shsilhr, bt siﬂﬁﬁysdﬁf&eﬁﬁnﬁ‘?ﬁ@ﬂ}ﬁcells”

_fig. | a, this snmall charge flow is indicated by thé quantity P(err)

pol ar 1 241 on 0t fnnlERehY! R b FE hFAind o i Sl sﬁ%‘% B ge

transfer bet weatrol leeitexhlaratdseden chatfe 02ypER88nto1RCTU MDA fO8deMtageous

| d WO d.
Thus, by moni Ty asaySne, GF S 3R b dopbiBes REA St Vol BUEEQLY of
the cell i s d’@t?@l’om &gtgtthmddengtlsbpirxgc@uurdl@bbb’rS@jds ci;rhuitrmmﬁrql doneent  of

P oted oo RERSENEG, RUICEOGKS] Eirlf achcd FROREL (N pldIEnE SIRAAIGANRE NEEy |

sel ected ceII I'c'S
is set 10 t handrwmdmoﬁpm @f rtha@)lar/@ mspohsd:shm calld retprasen/tmsg adagw At hough

the present LauentdAR 1as aanealy aRRL GARIAiH hifld nELEEASL RE! etime

pol ari zabl e materi teresi's or re
di scussi on stﬁﬁlthemm@xpldﬁ@iqm@gd/cantdnas saigl ¢aritrgl ¢1e¢tat devideegenssniesta i

materials 10 Grnh@Yedalik RASHAS N ideiBdiiesn st AGAMHECUW BB saificcor di ng

to the present I nvention, he curren 0O a glven ne ry ce
control | ed i matish of magnithde e (OSamRZALNONT ThARGROGHS ) Agend freagother

operati 99 i ® SR HRFURALMIAL! Of PRV AL AN g o

sufficient for a decision t made about t
Typi cal |y, algf@m@@rv&rqra@egnoslpa@fpmeawrwcpeﬂlﬁeseﬁ@qmwt@@mqiomw ghesan on, and

the pol ari zatiheisESRPIREmetmdRessy | 1S nonitored via the current
transport to that cell. The voﬂlglt%aggyls turned off when either: a) A certain

has boen dot autetbounoRacl Bt & Fihaci ik dr bF R AR G AeE0T6ET.

only a fract ivithah apgparawnist whadiil scquotarg tmtheomvhaﬂlolnae rc_hsamctteheeld ih whathi s
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sustain severalnig Qg%nﬁe&zﬁrtgc e d[%r@%ﬂf% &’qu‘i’@& By‘?ﬁ&%ﬂ‘gﬁlﬂ”'@&ﬁ?él%{&g said AN

early decision can be nade re ogi c_ state; speeding up the-reading
process. - R&88d@ad \ﬁﬁt@)ppptﬂtmns/z aaidoﬁalugggnamé from eexo “pen appenimit

("write-back’ aon?é%,Pbﬁamg%‘ésmﬁhbﬁ%ﬂﬁ@gb@&lm%ﬁfer per bit read,
regardl ess of whether restoration is nmade after each read or after sever al

reads, Aecrugial ehormnl L0, LS SeNeTPoASRCL REdu e S dRid e Y fREhS! oo

the memory array comprises reference cells with known logic states, and it is
then preferable that the reference cells are localized in pairs, one
representing a logic “0” and the other a logic “1”, or that the reference cells
are distributed throughout the array.

30 In both cases it is according to the invention preferred that selected cells
among said reference cells are assigned to track the fatigue and imprint
development of specified groups of memory cells in said array, by being
exposed to the same pattern of polarization history and switching events, and
then the groups of memory cells can be localized on one or more word or bit

35 lines in the array.



. tolerances. 10 In

PCT/ NOO1 /00290 charge accunul ation tinme in the reading node. For a given
cell, this time shall typically increase as the cell becones fatigued, and
it becomea, 392y to adjust the read pul sing protocol ageRK8biho
Either a predictive or a nonitoring node of defining the accunmulation tine
may be used. 5 In the forner, the accunulatdon tine is adjusted according
to a programthat predicts the degree of fatigue fromdata on recorded use
of the device. This must include error margins to take into account all
i nport ant par dkstiaventipashatlirew begxpjamedanadphemth eigrenagdor@gper at ur e
hi story, as Wﬁk&oﬁ aﬁ?{d 8R&FInls Bpskeden] Gariklp- devi ce manufacturing

agtter he“evol ution of the cell response (switching
speed) i s noni to ed throughout thgﬁgllfetl results

e et PR EELE Snh o BER bBfaridalieh iseBles]{ S8 fof L FifleIbdfic

. accunul ati on taterial,n a preferred enbodi mrent of the present invention, a

sel f-di agnostic schene is included where the condition and tinme evol ution
of the meqory el Ss HendWeU1P ﬁf%%&? &e@ﬁtd&ﬂ%%cytcbwo&afa%em@m@:@llhsdthat
are subjected to envi ronrrentg and erational conditions that match

cl osel y t hose PaFSIVANAERHEYN 5\1Ia§;1q1herrsel ves. In the above description of

t he general background of the invention, it was tacitly assuned that the
char ge transf éigsi. 2armalr 2k otipel stee redptomisa tane levobetbmat Row \anidt le gbytetmporahd
the dynam c a it jng on the
ferroelectri C??ﬁo\ié 18&d£%08@g§y\ﬁ8f tﬁe g’o %?I%é&gl}] #ggeﬁgé: lR?rrga{;ﬁln-%ry w thin
wide limts, \fmtrbelerQ:MQanatcrlfa@ imoptieine and inypiigaed ptates taid ng sever al
orders of magmtude faster than the organic or polynmer types. Prior art has

been to ol ar ghy. %Xﬁ @Bhefh@ﬂb%@%ﬁl@ dfnPE @it Fof ?ée[cﬁﬁg%ftddtﬁﬁorwmém%?y cells
prinmary enphasis otal switching tinme, whereas the details of the

swi t chi ng tralsfeh m&é?)éh?@éﬁ%dnwmﬂ I or no attention in connection with

possible exploitation in read/wite operations. Wth the advent of menory
devi ces i ncor ﬁnroafdemga taghtite admettgroindersianding ob&heptasens imrension fdiaas | v

switch much sly ur
30 becones an CLiert SHE" Facriptaf PERHS RefPT SRR L v By BRTSRE
same tine, th@rle@W@S inwp vt lrmgthprr@aha@tsow,ﬁdh@ amyerteen, fbﬁformmmfléad/ wite
schenes, §| ncextk léé eﬁ%&ﬁe@%@tﬂe@@&ﬁﬁr eht 1S easier to intervene

during t e transi ase Igs. 2a an b are shown the dynam c
responses for s 35 c ni n yperi.c ferroelectric. The

cel |5 vere SuBJE E?%éhwsaa geesar BulelitcoBs ol feBisifag B MTsE G T resbliog -
20 V, and the otflan&rma;lbcmrmme\tmwmbncbedtsﬂoglct 1@~ oudogiat T Vestategragd density
6, i.e. charg ransferred of .interface bet ferroelectric
and electrodeimgg¥@§tﬁF*aFF§ IHHP%Flﬁﬁgaypgﬂn gnms¥%bﬁ§£§§90f curves are
shown. In the _first set, enconpassing the u &fr three curves in 5 each
figure, the caVithiefeignceradig.ramibiy agumest thag the memory ¢eldite bergad o
under goi ng polra§1'c1é§ﬂim@fhlryel\fﬁa aﬁhesweﬁhstla&{ ﬁﬁtHdu@rﬁﬁflﬁE &fedcé‘léé&ﬂ: fibld aﬂi@ that

second set, enconpass ¥ é{\l.ﬁ hr ee CUI’VES in
figure, the céieigipe it aRy e | fwfﬁgﬂ%%@ arigaligh ste Chardraeriss Ty
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In figs. 2a and 2b are shown the dynamic responses for memory cells
35 containing a polymeric ferroelectric. The cells were subjected to a step
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30 This can be illustrated by the following example. Assume that the device in
question contains individual memory cells with characteristics as shown in
figures 2a and 2b. As can be seen, for a cell in the “0” state, the accumulated
transferred charge rises rapidly (in less than 0.5 us) to approx. GgackGROUND =
2 uC/em?, from which point and onwards it stays virtually unchanged. For a

35 cell in the “1” state, however, the accumulated transferred charge continues
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30 commensurately with the read cycle case. Imprint effects (i.e. the tendency
for the ferroelectric material in the cell to lock into a logic state where it has
resided for some time) may shorten the write-back time further, depending on
materials and operating conditions.

- Thirdly, since the polarization switching and electric field exposure is
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only relates to the number of read/write cycles experienced by the individual
cells, but also to the combined effect of voltage stress
(amplitude/polarity/duration) and other factors such as temperatures

20 experienced by the cell during its lifetime.

As a consequence, a predictive approach to read pulse adjustment shall
generally be relatively coarse, allowing for a spread in cell properties which
increases with time and use. Alternatively, one must allocate significant
resources in the device that are dedicated to keep track of the cumulative

25 fatigue on cells. This task may be simplified by protocols that distribute wear
among the total number of memory cells in the device in such a way that cells
with comparable fatigue history can be identified in groups or blocks.

A monitoring, or self-diagnostic approach shall in most cases be preferable.
The basic principle can be exemplified as follows, with reference to fig.3.

30 For each row or cluster of memory cells one uses two reference cells, one
polarized in the “1” state and the other in the “0” state. These two cells are
exposed to fatigue-inducing influences, in particular polarization switching,
which are representative of the row or cluster of memory cells they are
assigned to. Two modes of read operations employing the reference cells

35 shall be specifically mentioned here:
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intended use of the device.

30 Cases 1) and ii) provide different advantages and drawbacks which can be
stated as follows.

Case 1)

Advantage: Direct information is obtained about the development of the

parameters OsaTuraTioN and OBACKGROUND:
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. &()-3 refdgrence cells must be in the correct logic states at the initiation of the read

5 cycle) and imposes representative pulsing fatigue on the reference cells.

Drawback: Requires circuitry capable of generating

thresholding/discrimination parameters in real time. In “single shot” usage,

i.e. when the data in the cluster or row of cells in question are read only once

or at long intervals, the discrimination parameters derived in this mode shall
10 reflect the full noise in the captured single sampling event.

The physical implementation of readout circuitry employing reference cells
may be achieved in many ways obvious to a skilled person. The basic scheme
shown in Fig. 3 may be used in conjunction with both types of operation
modes i) and ii) discussed above. Here, reference cells are located on two

15 dedicated vertical addressing lines (“bit lines”), one with “0” cells and the
other with “1” cells. In a reading cycle, a horizontal line (“word line”) at a
time is subjected to a reading pulse, and the charge flowing to the cells at the
crossing points between the addressed horizontal line and the crossing
vertical lines is monitored by circuitry shown at the bottom of the matrix.

20 Thus, the memory cells on each given horizontal line have associated with
them a reference cell pair on that same line.

More bit lines with reference cells may, of course, be added at intervals
throughout the whole memory matrix. In certain cases it may be
advantageous to employ single “1” or “O”reference bit lines rather than pairs,

25 or reference cells may occupy less than the whole length of a bit line, even
down to a single cell. The latter shall be the case when reference cells are
located along word lines rather than bit lines, which is a variant of the
present invention.

The diagram as shown in fig. 3 indicates hard wiring between the reference
30 bit lines and the reference signal detectors. However, by multiplexing and
signal routing, reference bit lines may be defined at any location in the
matrix. Thus, it shall in many cases be advantageous to establish reference
cells in regions of the memory matrix that have been subjected to fatigue and
imprint during the regular use of the memory device, with the possibility of
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done immediately after the read cycle with a pulse of approximately the same
length as determined in the read cycle, or it may be postponed until the
polarization level in the cell has reached a lower value as a consequence of

multiple reads. In the latter case, a longer write back pulse shall be required.

10 In order to obtain reliable reference data, the number of reference cells in the
memory device should evidently be sufficiently large to permit close mimicry
of the usage pattern of the actual memory cells in question, with small
statistical spread. However, a large allocation of real estate and dedicated
circuitry to reference cells shall compete with the other memory and

15 processing functions in the device, and in practice a limited number of
reference cells shall be associated with a much larger number of memory
cells, which may be in close physical proximity to the reference cells (e.g. in
a cluster), or may be linked to a set of memory cells that experience mutually
similar kind of reading and writing exposure. The latter may be, e.g. a given

20 sector in the memory device comprising cells not necessarily in mutual
physical proximity, or a row of cells in an addressing matrix where the whole
row is read at a time.
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To') asnons dRpROE IRt mallor MY dmedlbey s comprising an dlesicalive o

1 10!! s$10%Holayizablposatarjal Sehibiving pylarization remanence, in particular an
110%4& (511" L0 ot tersdAUERI hialliMVOWNERXAL 210 kal value stored in a memory
cell is represented by an actual polarization state in the memory cell and
determined by detecting a charge flow to or from said memory cell in
response to the application of voltages to word lines and bit lines for
addressing the memory cells of the array, wherein the charge flow detection
10 in particular is based on detecting a charge flow component caused by a
change of polarization in said polarizable material, and wherein read and
write operations are performed under control of a control circuit device,
characterized by limiting a degree of polarization in the polarizable material
during each read and write cycle to a value defined by the control circuit
15 device, and controlling the read and write operations, with said value ranging
from zero to an upper limit corresponding to saturation of the polarization
and being consistent with predetermined criteria for a reliable detection of a
logic state of a memory cell.

2. A method according to claim 1,

20 characterized by the stored logical value of a memory cell being determined
by an application of one or more voltage pulses, the characteristics of which
are controlled by the control circuit device.

3. A method according to claim 2,
characterized by establishing an addressing history for the memory in terms
25 of recorded exposure of the memory cells to fatigue and imprint-inducing
factors and/or acquiring charge response information from one or more
reference cells or pairs of reference cells and/or one or more memory cells or
pairs of memory cells in the matrix, and establishing the predetermined
detection criteria and/or the acquired charge response information as basis
30 for control criteria in order to adjust the characteristics of the voltage pulse
or pulses.

4. A method according to claim 3,

characterized by including in the addressing history an accumulated number

of read and/or write cycles and/or imprinting time in specific memory cells or
35 groups of specific memory cells.



1 10f210%& ()-z.- 10%& ()--!+$10%&' ()-z

(11094 ()-! s$109& ()-! s$10%& ()- QX@dYYYYYYY~ @1 10F10% & ()-10% & () -

10H 10H 1Qkh bRy ()- 9910%4& ()-! @$10%HHE () - YYZ[ [ 5\\ aBp@ro001/00290

10°:$10% & ()-!:$10% ()-@!10% & ()-y°

&$10%.& ()-y! 10% & ()-zF"10% & ()-\]1~ F g ¥ar<~ @1

10!, $10%\ & ()-9' 1 10%& ()-S "z 10%& ()-!"z

109%& ()-!&$10%& ():M 10% & ()-TYaal ccceege~ @1 10! YI0% & () -s10% & ()- 10u

10u 10u" 4#10%& ()A Gnet Qﬂoﬁ%"@f‘{{l&g(‘}‘)—éélf@@a & ()-zccHddee! {177~ @1

10! 010% & () -ckhpBtériced by inchIdlH& i6)the charge response information information

$10%& () -! 10%b&'u;) FLI0N & ()1 f %hh\l E%&% @;Jh . 0 |

10! " #3109 ()APOREPTEVROURIY Jecordadsparae. iegpauge Pyhavigng.of thg mamesy cellg ().

ijjjklilllaB7@

H 6 A method according to claim 3,

5 characterized by acquiring the charge response information from at least one

pair of reference cells in the matrix, one cell of each pair representing a logic

0 and the other a logic 1.

7. A method according to claim 5, or 6

characterized by the control circuit device performing continuous or periodic
10 analysis of random and systematic noise contributions to the recorded charge

response from said reference cells or addressed memory cells, and employing

the results of said analysis as input data of an algorithm for controlling a

read/write protocol.

8. A method according to claim 7,

15 characterized by basing said analysis of noise contributions upon a statistical
spread of charge responses recorded from memory cells in known logic
states, from single memory cells being addressed a number of times, and/or
from a set of similar, but physically different memory cells.

0. A method according to claim 3, wherein the control criteria are based
20 on charge response information,

characterized by at least one of said voltage pulse or pulses being a step

voltage pulse of variable length, said length being controlled by said circuit

control device.

10. A method according to claim 3, wherein the control criteria are based
25 on charge response information,

characterized by said control circuit device recording plateau values

OsaTURATION a@nd Gpackcrounp Of the charge responses in cells representing a

logic “0” and a logic “1”, respectively, at various points in time throughout

the lifetime of the memory device.

30 11. A method according to claim 3, wherein the control criteria are based
on charge response information,
characterized by said control circuit device generating a threshold value for
decision on logic states in said memory cells in said matrix, of magnitude

O1H = (OSATURATION + OBACKGROUND)/2 .
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10 H<10%—l& ( ) em‘onmmsmg at7leasteng PaSE[l}/GGJE@le@ sexbmesony) array of memory
cells comprising an electrically polarizable materlal exhibiting polarization
remanence, in particular a ferroelectric material, wherein a logical value
stored in a memory cell is represented by the polarization state in individual,

10 separately selectable memory cells and determined by detecting a charge flow
to or from said memory cells in response to an application of voltages to the
word and bit lines for addressing the memory cells of an array, said charge
flow detection in particular being based on a charge flow component caused
by a change of polarization in said polarizable material, and wherein the

15 apparatus is characterized in that it comprises circuitry which adjusts said
application of voltages to limit a degree of polarization change in said
polarizable material during each read and write cycle to a value defined by a
circuit controlling said read and write operations, said value ranging from
zero to an upper limit corresponding to saturation of the polarization.

20 14.  Apparatus according to claim 13,
characterized in that said memory array comprises reference cells with
known logic states.

15. Apparatus according to claim 14,
characterized in that said reference cells are localized in pairs, one
25 representing a logic “0” and the other a logic “1”.

16.  Apparatus according to claim 14,
characterized in that said reference cells are distributed throughout said
array.

17.  Apparatus according to claim 15 or claim 16,

30 characterized in that selected cells among said reference cells are assigned to
track the fatigue and imprint development of specified groups of memory
cells in said érray, by being exposed to a similar pattern of polarization
history and switching events as the latter.
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