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‘in individual, 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

cemponent caused by a change of polarization in said polarizable material.

Memory devices based on ferroelectric thin films are presently approaching a
level of maturity where implementation in practical devices becomes
possible. Two main types of device architectures are of relevance, involving
either active or passive matrix addressing of the stored data.

In active matrix addressed architectures, each bit is stored in 2a memory cell
consisting of a ferroelectric-filled capacitor structure with an associated
dedicated microcircuit. The ferroelectric material is typically polarized in one
of two stable states, representing a bit of information. The memory device
comprises a large number of such cells, arranged in a matrix of conductors.
Typically, the ferroelectric materials used in such devices are inorganic

ceramics, €.2. perovskites,

In passive matrix addressed architecrures, which are the ones of primary



In passive matrix addressed architect.'.res, which are the ones of primary -
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material is sandw ched between two orthogonal sets of electrodes; zwﬂm hat
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extended time period, it may develop a tendency to be “frozen™ into that

state, such that the driving voltage must be increased and/or applied for a

longer time in order to dislodge it and switch it to the other polarization

direction.

Prior art reading protocols that employ read pulses of fixed length must take
into account the large spread in cell switching speeds and polarization
response that develops due to fatigue and/or imprint. Thus the pulses must
have a high voltage and a long duration to be sure that the worst-case -
scenario could be handled. This is undesirable for several reasons. A high
voltage implies higher cost and more space;demanding driving circuitry,
more power consumption and increased cross-taik. 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.

As concrete examples of relevant prior art concerning methods for readout of

data from a ferroelectric memory devices, reference can be made to EP patent



data froma ferroelectric nenory devices, reference can be made to EP patent
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applicable 10 passive matrix-azddressable memory devices as well.

Itis a major object of the present invention to provide new mmethods for
reading and writing deta in memory devices based on electrically po]arizab}e
material, in pearticular ferroelectrics, whereby the polarization can be probed
and controlled by methods that are less prone to create fatigue, vield faster
data speeds and ave less demanding of the driving circuitry than present-day

alternatives.

The above object as well as other advantages and features are achieved with
a2 method which according to the invention is characterized by recording a

- dynamic charge response of one or more of the memory cells during a write
or read cperation, by limiting a degree of polarization in the polarizable
materizal during each write and read cycle to a value dependent on the
recorded dynamic charge response and as defined by the control circuit
device, and controlling the write and read operations according to an actual
instantaneous charge response information with said value ranging from

greater than zero to an upper limit less than the sawuration magnitude of the
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i nst ant aneous charge response information with, said value ranging from
greater than Zero to an upper limt less than the saturation nmagnitude of
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dynamic charge response information is acquired from at least one pair of

reference cells in the matrix, one cell in each pair representing a logic 0 and

the other a2 logic 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 dynamic charge response from

'_said reference cells or addressed memeory cells, employing the results from
said analysis as input data into the algorithm for controlling the read/write
protocol. It is then in addition also preferred that said analysis of noise
contributions is based upomn a statistical spread of dynamic charge responses
recorded from cells in known logic states, from single cells being addressed a
number of times and/or from a set of similar, but physically different memory
cells.

In an embodiment of the method according to the invention wherein the
control criteria are based on dynamic charge response information, 1t is
advantageous that at least one of said voltage pulse or pulses is a step voltage
pulse of variable length, said length being controlled by said circuit contro]

device and/or that said control circuit device records the plateau values



advant ageous that at |east one of said voltage pulse or pulses is a step
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hyst er esiig guadearfiagesud erfaliaddticf thevigdratus according to the invention
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 “17, or that the reference cells
are distributed throughout the array.

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

lines in the array.

The invention shall now be explained in detail, with reference to the

accompanying drawing figures, in which

fig.1a shows a general polarization hysteresis curve for a ferroelectric

material,

fig. 1b schematically memory cells connected to word and bit lines in a

passive matrix configuration,
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quantity P Howp ‘“ﬁr—efl Lalhe zxgeH. PRS- d car'ﬁa%’hhr ez%e%' ggcen bhe BR state,

the pol arization-shalI” undef §o reversal nt si gni ficant char ge
transfer betwseridehenigelly @raonwmeneﬁ@éq Fodest e r*fnPPéFd elesirig fickd enakipé f1 ow
i's indicated bye theoguaitd iy:drial Tt cell is in a polarization siate characterized by

either position +Pr or -Py along the polarization axis, depending on the logic
P R P g g

pe
state assigned to the cell. According to prior art, 2 reading operztion 10
ascertzin which of these states the cell is in shall involve the application of a
reading pulse across the cell with a voltage +Vswitcr. The latier voltage
exceeds V¢, the voliage corresponding to the coercive field in the memory
material, by a2 margin which is sufficient to drive the memory material into
the saturzation regime, i.e. into the region of the hysteresis curve that is closed
and nearly linear. If the cell previously resided in the +Py state, only a small
charge flows to/from the cell, leaving the cell in the +Pg state 2s before. In
fig.la, this small charge flow is indicated by the quantity P". However, if the
cell was 1nitially residing in the —Py state, the polarization shall undergo a
reversal with attendant significant charge transfer between the cell and the
electrodes. In fig. la, this charge flow 1s indicated by the quantity P*. Thus,
by monitoring the amount of charge transferred, the logic state of the cell is
determined. Since this procedure destroys the memory content of the cell, a
separate pulse cycle must be imposed on the same or another selected cell in
the memory device, whereby the logic state of that cell is set to the original

(pre-read) velue of the ceil that was read.

Although the present inveniion has gznerel zpplicatility to all electrically



by nonitoring the amount 01 charge translerrec, the logic state of the cel
is determned. Since this procedure destroys the nmenory content of the
cell, a separate pulse cycle nust be inposed on the sanme or anot BemN 7005
selected cell in the nmenory device, whereby the logic state of that cell is
set to the original (pre-read) value of the cell that was reed. Al though the
present inve;,tion has general applicabilit' to all electrically - 3 JAN

]?005 [ pgﬁ@gﬂﬁfﬁlg.ﬂ%ﬁ#l }@ttélﬁ}ﬁ ﬁxiﬂ@a*?%ltes@’éf %;ﬁ%hén?é, t&%%ﬁ‘l%%%’gtthe
ol I owi n I'Scussi on sha or ‘explicitnéss and sinplicity refer=to
f err oel ecdrsicusemtrestial for expliayeeksi anpassplieltpatiéxtoatkdr eslstirge materials

gi ven morer g edrf P 085t aB RS SRR Bhn ' (R pol ari 2at on change

during a read operation is less than the saturation polarization magnitude,
but suf f i GiC6RTAIEr 10 MedpiEiseNbMtea sy, fag S uabvut{l o Wel ol ® gl ve s e onf Célhe cel | .

Typicallyis @ $t6Req YR8 ia%yftﬁ@’t itl?t?p&&r‘ii‘ﬁi&fﬂ?é%gé’ﬁbh |

ﬁna ggg@t ion, and
the pol arization résponse in e ce IS nonitored via the current

t ranspor toperatiat isckelsk thahéhe gaturaigenipplanizasdn ohégniiede epetharthiagnifocer t ai n
charge ac | tl : 0 ai d charge
has been %gg‘g(@éé%ﬁﬁ gﬁgﬁgﬁoﬂt;&g?gggicygtggééé;ﬁé%%éhDE&H?&aﬁM %ﬁv\here only
a fracti onoage heapplied chdbk enpuoloay iczHt inoqu¢rdmorheerd e peletation t hi s way.
sever al V. re,reali X The ferr ctri terial u rgoes
onl'y. par PRSP IR &R ARk 10 the g BB BRlrShOr R L B aRRL S eac

readi ng evelitgess oningdpefiftwhen gitest ructive; a given cell may sustain
several reads before restoration of data becones necessary. - An early
deci si on £anabeermgect fgaraticighlladiog $hatits gRgeedng up the reading
brocess. ) Restoral Lon, o palianl £8t HoR lassadue,do read operations

req nuch T'es

("write-batk™) urres charge transter per bit read, regardl ess
of whet hef .rﬁistq)rat,i Oﬂ is made after  each re}gd or after 's,evergl reads. A
cruci al ef B2l RIRBIY QAFENE 2BH8RINHEY THRE 7RG L Y o REECTHoi%e of
char ge acgwifdhabieopolariRtich hilebéQadvii@hradeln ot vaaiskeerdeldvarkthis time
shal | typi cal%&zlggcrease as the cell becones fatiguéd, and it becones

necessar Y t the read pul sing protocol accordingly. Either a

predictive ' _ o
- The ferroelectric material undergoes only partial polarization reversal,

leading to less fatigue.

- Since each reading event is only partially destructive, a given cell may

sustain several reads beiore restoration of data becomes necessary.

- An early decision can be made regarding logic state, speeding up the

reading process.

- Restoration of polarization loss due to read operations (“write-back™)
requires much less charge transfer per bit read, regardless of whether
restoration is made after each read or after several reads.

A crucial element in the scheme described here is the correct choice of
charge accumulation time in the reading mode. For a given cell, this time
shall typically increase as the cell becomes fatigued, and it becomes
necessary to adjust the read pulsing protocol accordingly. Either a predictive
or a monitoring mode of defining the accumulation time may be used.

In the former, the accumulation time is adjusted according to a program that
predicts the degree of fatigue from dzta on recorded use of the device. This
must include error margins to take into account all important parameters that



or a nonitoring node of defining the accumul ation tinme may be used. In the
former; the accunulation tine is adjusted according to a program that

predi cts the degree of fatigue fromdata on recorded use of the devidckdN 20 s
must include error margins to take into account all inportant paraneters
that J JAN 2005 S affect fatigue develop%ent, e.g. the tenperature history,
as well as cell-to- cell and device-to-device manufacturing tol erances. In
the latter, the evolution of the cell response (sw tching speed) is

noni t or ed a i eftolagigagt devrdopinteat i ¢ng. éheﬁﬁ@péé&iuteeblsaﬁw,ta@ew’ﬁﬁsaﬂ t&ldpe used

to adj ust e, puledt (101 PICO OGO harkTa PR L LM BF e, charge accunul ation tine.

In a preferred enbodi nent of the present” invention, a self-diagnostic

schene is._included ere the conditi and tinme evgl.ution qf.the nenory
Col o ar o LBt 6en TRchaHbGa b sy co b st BBi it oD cape IS HETBRTER 1 o

envi ronnerkadu @nchit QRS RLIHOJf temvicOn: d i ravaleirelase 1o ddieseief the
menory cells . Thensel ves. In the above ‘description . of fhe general background

of the i nPSREINENPIGIPCRhYN RABCHIAF REHIFEAS EREETINRLIeAAFEE- IR A IEEFTTES near

conpl et e Wirthi 8 8AGNo T BRI RsenMid &hiSHE | LseldHa L6y RNt s easRBETudRE t he
read/ wite process was |Ignored. Depending_on the ferroelectric invalved,

! g .
t he speed Vohersollgr ¢onAition and, BIzGEY ORIOH BF YD N AT &S 13 s @nitgliedh
i nor gani ¢ @k ARIRS bhGe fdrkBeael 3t bEh bl ecBRVES ahvRbASiShtef ap@gNI t ude
faster than the orlganl C. or p%I grrer fjﬁes. Pri or a}rlt has been to a | arge
extent ceRRSFeHOBA! Fapfigamsdbabmaleh&dessly<hoss ok the memeyy égPRasi s on the
total sw tgbimi@lddsre, whereas the details of the swtching transient have
received little or no attention in connection with possible exploitation in

Qi g W H : . : .
or gani ¢ agl BagHeR desclle ol BECTY KBk R R g R ETT HRERRER Brmer

t han t hei tacinbr geninced chatttbepdrar ge ttdns fetysamear deehplatewrithbeenche seahor

[ tant f Aaff ' : I ' : X e, th

| ortant {64 Bl LERYLONEIGRIRLAL (SONL S pased pf Ll SR dATe: the
the time $2epesdiageon thgbrragldciric isveasidethd spiant ef petarizhitdmgev¢ral

transi ent phaser bifin08ia2AnARd WRnahe: ShowTel e dunp: aRanid
menory ce cailt ai P;llll ngl a pgﬁggrﬁc ?’e?‘? oel ectric. ?’ﬁe gg?ﬁgpmere_ sur%r ect ed
to a stepSeyeralayeevs oEmpEpnyiuemirst et ceRr@Rrui ¢ 6n Phhsmeedpered @ t he
cunul ati vart Ehabgen densiat Ye axtdntCerBAI6n Th&DPINEE FEF oBRIc1HEBL  waflea of
i nterface between X : o . :

primary emphasis on the total switching time, whereas the details of the

switching transient have received little or no attention in connection with

possible exploitation in read/write operations. With the advent of memory

devices incorporating organic and polymeric ferroelectrics which typically

switch much slower than their inorganic counterparts, the dynamic behaviour

becomes an important factor affecting the overall device speed. At the same

time, the slower switching provides opportunities for novel read/write

schemes; since the time scales are longer and it is easier to intervene during

the transient phase.

In figs. 2a and 2b are shown the &ynamic responses for memory cells
containing a polymeric ferroelectric. The cells were subjected to a step
voltage Vg = 20 V, and the time evolution was recorded for the cumulative
charge density o, i.e. charge transferred per unit area of interface between
ferroelectric and electrodes, after initiation of the step pulse. Two sets of
curves are shown. In the first set, encompassing the upper three curves in
each figure, the cell 1s switched from a ]ogic’state “1” 10 a logic state “07,
undergoing polarization reversal with large transfer of charge. In the second

set, encompassing the closely groupsd lower three curves in each figure, the



ferroelectric and el ectrodes, after initiation of the step pulse. Two sets
of curves are shown. In the first set, enconpassing the upper thregmﬁquﬁs

in each figure, the cell is swtched froma logic state "1" to a logic
state "0", undergoing polarization rev§ rsal with large transfer of charge.
In the second set, enconpassing the clcsely grouped |ower three curves in

each figure, the 3 JAN 2005 9 cell already resided in a Ioglc state "o"
prior to the application, of the steg% 5oltage %nd onIy as dielectric
di spl acentft! adtadyeresedysbiise laaE slabs el vaaioTEadResP skl 9 kh%tﬁﬁr. sed
cel I's tha{ouabe, £hé *a%ty brhﬁaw SlielchSc L Hﬂ%@@m'en?chméé“%?ohé‘é gye, or had
been fatigued” t hr ough read/refresh cycles involving conplete
pol ari zat PBRevedeFggh seh Oémve,g/@péipm%edcraﬁ pehad arere ¢iblesreln & PaFtingi ti al
current syrge f ol | owed: '%é{ugﬁ‘e aSY RS Yekh fgfl%kg%foﬁ&h §f enip’t owar ds zero,
i.e. the c arge density a TNncreases rapi Zero and reaches a

pl at eau. Feal/telaesd emlessnmbhngmo@aplam gol acrlzatmrnoef:i»zersa\i tchiddgcrdse (i .

Iogic state "0" --> "0") than in the switching case (i.e. logic state"l"
--3 "0"), A@r@rtb@saéyrmte@éhgaﬁahueﬁ dareghaige f@‘?@ﬁzvéd’b a@f@sydt?t’tﬂfc in the
former case, (GBACKGRGUND) nin the [atter (asATURATJ%\I) Fa

mani f est s13- fnz§§”§n|t69\7§raf t abad- & dhe e hasaT ORATINON (ncréasqsmglm and a
sl ower tradsheRfo 28R ch8hed 8 allDThePE ANiBENES ﬂnthchhﬁo§evv'r5;91ttl 1rthgth%6}§(§'r The
time to reach 50% of maxi mum polarization in a new cell is - , . but it

can take T0BchIg srsalkatlioguedtate/ 'V Accdr a.th@nmthﬁé%t@gagtcaﬁﬁ&em. on,
reading o t perf{e I a

vol t age s{ e%e s@atg dletE%:t P%da\,{ﬁﬁe/tlﬁoggé%?ﬂﬂ)tl@v%l%e%if%grcﬂgt iﬁgf)iy@ gaéri(e%:/eeds a
certai n defWekth the Esmotrdcate Somexpaomin)i Han lﬁéhedﬁttér (Fherpulrsa)was
initiated l; ven after lay, if
the cell Ilfaffghé rﬁ&f\ﬁ‘éé}g’ ﬂe?f'gé g 189&%%{5%31%331% Os%h*éPT‘AEW xgeledd\g%gl PEf t he
cell is |mql|aaqlpy¢eirﬁr@51¢mt ragile eae Moyt prharingnt &t teaswitahies cesl pul se

vol t age a?h@%ﬁn%h% rtﬁeprsrg%%'f'mﬁuﬁ@ g@ﬂr%t@ o, @%eWt§l|x§1q|pé $urgached.

This can be il Iustrate g exanple. Assune that the device in
questi on €InidiGE0Y ik fﬂrcﬁjéartlgf#rﬁﬁ? cells with characteristics as shown in
figures 2a and 2b. As can be seen, for a cell in the "0" state, the

accunul at'Adco'tdriaugstfoeuhreqnteehatr 'ge/cmitisels reaging) of dita ilse;m’fmﬂmnd (byEth‘Qyintzo

sporox, CPAKCEOUN. = 1,20 0% c L4l 60 204 ADG OONEY B it 1 v

virtuall y unc e however e accunul at ed
transfer r@@ar@}ﬁadqsltyomameés atczﬁrtalseietfamdjttyesm‘eirattsm*se poiint in Bewchi ng

approx. asfluRa. E AN Fa8irm1ddt&d Cffis threshold shall not be reached, even after a
long delay, if the cell is initially in a2 “0” logic state, but shall be exceeded if
the cell is initially in a “*1” logic state. In the latter case, the read pulse
voltage across the memory cell is removed as soon as this level is reached.

This can be illustrated by the following example. Assume that the device in
question contains individuz]l memory cells with characteristics as shown in
figures 2a and 2b. As can be seen, for a cell in the “07 state, the accumulated
transferred chargc rises rapidly (in less than 0.5 ps) to approx. OpACKGROUND =
2 uClem®, from which point and onwards 1t stays virtually unchanged. For a
cell in the “17 state, however, the accumulated transferred charge continues
to rise rapidly after this point, reaching approx. csaturaTiONn = 8.5 1C/cm’
after approximately 8 ps in the case of a new cell. For a fatigued cell, the rise
is less rapid and the final value lower, but the difference from a cell in the
“0” state is clear.

As a discrimination criterion, one mav prescribe that a cell shall be defined

as bemg in a “1” state 1f o at some time 17y after initiation of the read pulse



after approximately 8 is in the case of a newcell. For a fatigued cell, the
rise is less rapid and the final value |lower, but the difference froma

cell inthe "0" state is clear. As a discrimnation criterion, one3rﬁtﬁ®‘m5
prescri be that a cell shall be defined (AS being in a" j 7 state if a at
sone time i', Hafter initiation of trele read pul se - 3JAN2005 10 exceeds a

certain threshol d, e.g. c > 6TH = 7C/cnR2. This threshol d should be chosen
to be well gve the m\zal ue reached b ) ufl}l6 i‘%léjlé i\ra he " 0"
state, | FCRFES ok P W B & e THFT o ejm 2b! Bife PEpEEH ottt he
charge a(bféumld)ﬁri anbé e Abbive ahe eashintdid dalamraached bstrlR inshially ipe

appr ox. ps, for the pristine cell, 8 is for th cell fatigued 106 tines

and 80- 1@106 Ofovtaichdn 101 €3KEI @madratriogtiad et/ CHAchde Ag- %P PREor art which
relies O%b%‘éFP @ttﬁt%t%tcﬁ'aw@aehgm%létt&&@m%@%r,g%o @EQMEE%% § e ,gidihe

| atter ave frcientl gﬁ rmt conpletion of
the swi tstlﬁi n@e epan®t-¢htisifer the pistise ¢dlbed PIS fer the cellf @ticyedd]l €elimes Thus,

the 1ead ,piaukoe oyt dohae 00 herahapecl dnes Eaden 2% W% A ARt han 1

S. Accor ing tot resent vent'i oir, however, fthe out pulseis
st opped r@hen omheoxapwmrvet@un@r@trct;e fereats tbyr geezmshvesulehiont himes rtbt datver ue

6TH and, 4 b L2d Fo BbBeGindd s%ﬁ‘ &éﬁg?WSﬂ%tthéé?ﬁn?%hHgm[ﬂ NSipfehr eshol d i's

not reached during a certain cell in
quest i onsaté¢lnng traggdient gt Hieewogst caige i abovieh sehened icapki Ebus,htatte tead read

pul se is h??(?wtﬁﬂﬁ%ﬁ%tt%”@ék B‘ééﬁ’nﬁ%%mggé Sispustligs QEtHeI?EtB?ﬁlll s sl oved

down due® at1gue, al vvays posSi consi st ent
Wi th t he AdFdrdene thtks ﬁm&tnérlnte‘fiﬁIQh, hq‘rneyer ﬁh@medésoutrmﬂﬁelw stanRgd

advant aggsy efkﬁé%l:%umb%@:géfh%rge Ql%h%‘n '}85@‘?&'{1‘1% e 8"\535 E'beéPtahﬁr art

full switc L en e sane
cell: | eélse ;i)@gmmmr bhis ﬂwgnGQItoltbelcﬁMollfébls &N@Shh]@ Wrieleresabrd cycl es can

be shor t enie o GQUUEAS U-BLEI Wi [ e Lead, yEl @ Ccass I ity s16eRts (i

t he tendency erroe ectric na Imto a

| ogi ¢ st &tafewhBre it has resided for sone time) may shorter, the wite-back
time further, depending on materials and operating conditions. - Thirdly,

si nce th@}ﬁoh@@va@thmesm;{ 103 @t atm@lredcephtseclsftbﬁgdqeepeﬁoeubmat&a m & m zed;

fatigue shal |l general nor, e n’inthe ful
gue & respnte § t}% S6PH selsowerHJ?iown due%o auéue aalways being k€pI as
short as possible and consistent with the defined threshold criterion. This
provides the following advantages:

- Firstly, there 1s a gain in reading speed over the prior art full switching

scheme.

- Secondly, if data are written back to the same cell, less polarization
reversa!l i1s involved, and the write-back cycles can be shortened
commensurately with the read cycle case. Imprint effects (i.e. the tendency
for the ferroelectric materizl 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 13
minimized, fatigue shall generally progress much more slowly than in the full
switching scheme. Tests on device relevant polymeric ferroelectrics
demonstrated that dynamic readout according to the present invention
increased the fatigue resistance (i.e. the number of read/write-back cycles
with acceptable confidence level) by several orders of magnitude compared

to prior art switching protocols employing full polarization reversal.



swi tching schene. Tests on device relevant polyneric ferroelectrics
denonstrated that dynam c readout according to the present inventi oaJ 0
increased the fatigue resistance (i.e. the nunber of read/ wite-back é% és
wi th acceptabl e confidence |level) by several orders of magnitude conpared
to prior art switching protocols enpl oyi]rhg full polarization reversal. - 3
JAN 2005 11 Fourthly, multiple read cycles between each wite-back cycle are
possi bl e when 6SATURAT10N >% C EACKOROUND. Now a preferred enbodi nent,

namel y set f -0 wghbs el thde seaT rmatci enb o e aresisity We B Dacks s @Ts fraishibhe

di scussed,, R gore detail, ciAs descri bed above, the charge accunulation tine
nust be increaset! BETNe cel i S PEPY e, I.deally, each cell in the nenory
devi ce should be read with a read pul se | gt optipally. adjusted for that
cel | . Thislov agpmeeen @ﬂtemé@%ﬁeﬁh@ﬂﬂeéﬁéﬁgg %ﬁ%&@t‘ﬁ?@i%’él@ha vary from

cell to cﬂémwcé@rmﬁs@céwr B9 diShes@nGRSmoANde At ugyaéscrmswbbbrz@tory

The latter in riartlcu ar may lead to very large cell-to-cell variations
devel opi ng %! e FRELIRPIIESTS il CgueIShRg INATRESAE aidbe Q%llSyfarJ@ugt édealdyt he

nunmber Ofezﬁ@lﬁgél’}’rl?ttﬁe%igrn%? vy IRSEL 8RSSH BY rédteviindhtedua) us&?éﬂdg?uh but al so

to the conbined fect of voltage stress é_ mpl i tude/ polarity/duration) and
ot her facephimalichdastedipetmifiess Thagpedidids Byce ee E-INOT@Gring its

lifetine. c}‘fé;ra%t&‘? SEAYULNE GarP FRIEHel 10V Eel @Ql%or%crﬂahﬁfdc%é‘ﬂng%%aﬁébéllst ment

shall generally be relatively coarse, allow ng for a spre In cel
proper t i eaN¢ArEBuUCAmpTEdEst eyt H G hedteand m@cumrtréahé@ad/é@ yEIOHE ghust

al I ocat e signbtig f%naﬁ%%gqr&%%mat Ol atat iR Mrrﬁgrﬁﬁ @ keep

track of the cunulative ofr. cel | Thi's % |1 fied by
pr ot ocol sofl}rifateléi%tﬁoltlb@tfélfﬁbﬁ?o a%@(g\rﬂrrecxrd@hﬁxmﬁﬁe?e bYﬁEﬁdﬂQ'l\déPﬁls in

the devi C@elllsn Ws@tmuetc%ﬁbﬁ%lﬁfewéﬂh@1@@@&@@&@ fatigue history can be
noni.toring, “or self-diagnostic approach

identifie g ups. or ?é}(})cs

shal | in (8Pl %@fé@ok?élfy G KRN a THET ASTORS BPFRGS LB REAATBES exenpl i fi ed
as fol | ovexpavitfcddeberigacellt @ufih 1@ lifdtaheeach row or cluster of nenory
cells one uses two reference ceI one polarized in the "1" state and the

other in hRe, c9ns§<{-uae Fayb% ShicicANS reﬁégﬂﬁﬁga sftﬁ:te'n%ﬁaf nduci ng

i nfl uences, 1n par r ar| za% on sW tch are represent ative
of the rogemsralyuse mlabﬂ’eneﬁ@ﬁgﬁecellbsvmgef@rar@reaésng:@ldpmcmermmwindbs of

rﬁgﬁsl gg:{jﬁ%?ﬁe‘%s@ﬁﬂh%ﬂn@aﬁi‘ﬁsé CAREENAS Q9! bie rihal 1 b&uereglFIGRY | Y
resources in the device that are dedicated to keep track of the cumulative
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.
For each row or cluster of memory cells one uses two reference cells, one
polarized in the “17 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
shall be specifically mentioned here:

1) Throughout the operative lifetime of the memory device, the reference
cells are used 1o track the development of GsaTurATION @A OBACKGROUNDS
from which the threshold value o1y 1s defined, stored and updated. In
additicn, the relevant charge accumulation time 17y to reach oy for cells in
the state is established. During the readout cycle signals from the memory

cells are compared with the threshold level oy at time 17y, and the logic



i) Throughout the operative lifetinme of the nenory device, the reference
cells are used to track the devel opnent of C5sATURAT10N and 6EACKGRQUMNN 7005
fromwhich the threshold value GIH is defined, stored and updated. In
addition, the relevant charge accunul ativon time ZTH to reach 6TH for cells
in the state is established. During t e r eadout cycle signals fromthe
menory cells are conpared with the threshold level OTH at tinme TTY, and the
logic - 3 JAN 2005 12 state of the cell /is determ.ned. In one class of
enbodi rren%t@t%ﬁgéheﬁﬁﬁ@ detpramged: b OREdilar QgFW@Oidém%é“dU%g“aﬂilhr eshol d

level ; i .&chdaldl the(:COARIRMILENs (BAGKGRANE) $1&. 1eSeNGee t hi s npde inplies

driving the reference cells to saturation; they shall typically be sanpled
~ peri odi caPry = € umteraTIONG §epax@ttcem$>é/r¥’pl e cycle or in a read cycle
i nvol ving an extended read pulse. ii) During each read operation, both the

"0" and t®mcekhis ef@lenspliesldbivingnie seftfestede i ot@saragiiog, fufysehaland the

respective ch densiti.es Go(t), and Gl%ltS transferred to each. are

ron ¢ or e VRCA Y B AT e e R hfiabsbatP Ste s RLS FAEoN BTSt he r ead
pul se. Asrezarcyige seeslvinganfdxgended thad gufdeerence  (G(Tr) - oi(t)) between
the two increases with tinme, starting at zero and ultimtely reaching a

val ue ( JU ] - . AL S -t TH. ki Lffer e has
reached alleer%Sill‘g}llge%e:% %ere fug)[lé)ghtbgéﬁﬁ?i ggﬁg}-ﬁégfeclt el f?hefm%hcgeq%r esence
of noi se amdulgkttetaocetdadingipaid,idand thatreshective ichergehéensads pulseand s

term nat ed d_ the.-sense amplifiers.of the rgw or the..cluster of nory
cells t ha?‘@?etrﬁggf&feg Teode%gﬁ AT Wc%‘étorrgﬁ% §Seahﬁuélcgbqq gggfeeﬂfréead .e?aﬁfg%r ecorded
val ues GoffTadHjniantcd (HHB)readedvai Aalktlae twt sden Sopoifry 2ashe mpifer gareanet er s
for the logic state.determnation process...?n bot ases. i) and.ii) above,
the rond (Orss- RhluTHervEET BE LB DoBraREE Suity Barea e B MR el 8 Lt ) oo o
tCI he sane witieateéy Agadant aasalalB Aol » Ak A 80N CG@?E}@@}%}IND\M Nn.samelt aime pre- def i ned
etection.and.di scrimnation griteri.a., The atter e selected to neet
Gt or encaD A eEce a0 ER el kot il 1eE e we Ry laint o8eBE: FRkERALR re
Cases i) tamdries¢nes of ndesedirid eeBro-ealV antiabdstyand wdriakbankshaheadpodse be
stated as follows. .Case.it Advant - Difect_inforpmti i S -0obtained about
Che: devarsnrtnitapd AR e s A A A A R TR PR LB R0
. cells that are associated with these reference cells are read. The recorded

values oo(t1y) and o;(i7n) are available at this point as input parameters for
the logic state determination process.

In both cases 1) and 11) above, the read pulse length try increases |
automatically as the cells fatigue, at the same time being kept as short as is
consistent with certain pre-defined detection and discrimination criteria. The
latter may be selected to meet different confidence levels according to the
intended use of the device.

Cases 1) and i1) provide different advantages and drawbacks which can be

stated as follows.
Case i)
Advantage: Direct information is obtained about the development of the

parameters GsaTuRATiON 804 OBACKGROUND-

Drawback: A separate pulse cycle 1s required.

Case i1)
Advaniage: Can be implemented without separate pulse cycle (but the -
reference cells must be in the correct logic states at the initiation of the read

cycle) and imposes representative pulsing faiigue on the reference cells.



Dr awback: A separate pulse cycle is required. Case ii Advantage: Can be

i npl emented wi t hout separate pul se cycle (but the reference cells nust he
inthe correct logic states at the initiation of the read cycle) ang jAN 2005
i nposes representative pulsing fatigue,gn the reference cells. - 3 JAN 2005
13 Dra', ww, back; Requires circuitry capabl e of generati ng

thresho] di n%Lgr\,ggg}\ i: | }égrhlp@r]§§yetaer§, eldt creegldfdorre In "single shot" usage,
i .e. when the data in e cluste f row of cells in question are read only
once or atthrenelfmeddivalEinther gegaraipicnareon Par Hhetees dwii vets.n this
node shall j re\f«he@&hé @mfmlthcr@mcsef by b ef eaps ur@@les?eioﬁrgﬁre rsadphiyngrevent .

The physical inplenentat.] on of. readout circuitr ref cells
S ke TR g b Bt o S Bl R el et eRep ©

conpri si ng @fleat thecfuladdisessabt eapoutay sofslaeampyngelést. and capabl e of
performng wite and read operations thereto in accordance with the nethod

of the invenkl ?ﬁyééaﬁmﬁrprddmtw oBreadbyBBRUL-Pan yRder staeet dhak s he

appar at us I's. al though prima face rendered as a passive

matrix- addr@§§é¥5"l & l%lr%dayﬂ menhatfwrs PR e iEt!se PEEROR: Wit aweaﬂ»ét rix-

addr essala):jec@rhpay.n(gfa nﬁmmyadd@esielas erargebt of tehoas cwels Ianbeabasleobfon act |hve
matri x-a ressln ry. cel chi ng
Cranststor Pana e ¥ Pt RS A thsrtibhe BRpTy gy B ati™t R Bipliect T on
with both tyhde @f'e@tp@n at Flovv ol éxg. i3) 1t fshm‘ciitoy U@udsc,s@@@éawébb@/éppﬂém
reference cgl hs. @ﬁ?ait@@@é@ﬁn% ia\&ﬁ r@'@&!r@@%@q pa‘é@rrvte|r§§\ﬂ“>_a§i@jcﬂﬁ§5ébmrg l'i nes
("bit Iines' %é V\{: b tﬁ} r %NI i celfls In a
readi ng cycfe®y & ‘H%t %ﬁfiépeﬁ ?re ‘{t"t 6IrP?ré}\ a% c%rsatb "ar'rérl F401dpHjeRted to a
readi ng pul sd}s anghttjhet zherged bavail g etccbwtnrreaued kedmtsinpel.ecpogsiaig points
bet ween the.addressed oL iZankal; 4 LORRRd {112 GH0SHIdG,s ¥ Std:atndlpes | S

nonitored by circuitr own at -t he bottfm m%rlx hus the nmenory
cel|'s on ea® § veh2h F|“z%ﬁtl&ICOPJUr’?é“HQ\?’é“%§’§HH"é‘Fé WPEFE Q@05 Pef er ence
cell pair omd hatdisaseed ithee. $1:fee|rfeunahd:g/céhgenreeloaarshmmswao peefcereed

enbodi ment of .1 mﬁggr;,@a%%%e@tzcer%ug { QoL haon FGYepil o TBulelenence bit

| i nes used and r oss erence nennry cells are

provi ded in haft's - oh 2g&e R NGO X! Tlcn}ecrszcﬂfﬁaltlﬁ%ﬁ (o%%rdrle‘Ffer>eaﬁ€ "Féddbry cel |
wi'll be setsubdesay tb agicedsigapdsd, andht heagiehBowing togieccestsadteh®. An active

word |ine canc: e psed QL LA Nkl d RaiLalate: ofq e e RRERLy cel | s

t hereon |ncIu g pairs of _reference nenor ssahl e thereby
In princi pl‘e‘”éﬂcld Wﬂf‘ﬂ “Imﬁégoé‘%?nbbé’ ErAetoNY 2t the bo“om O* the matnx.

Thus, the memory ceils on each given horizontal line have associated with

them a reference cell pair on that same line.

Speciﬁcally figure 3 shows a preferred embodiment of the apparatus according tc the
mvention. Two reference bit lines used and where they cross the word lines, reference
memory cells are provided in pairs on each word line such that one reference memor y
cell will be set to say logic state 1 and the other 10 logic state 0. An active word line can
be used for reading the logic state of the memory cells thereon including the pairs of
reference memory cells addresszble thereby. In pr inciple all word lines can be connected
with a corresponding number of word line drivers and similarly all bit lines can be
connected with a corresponding numbers of sense amplifier and data latches. The use of
multiplexing shall, however, make it possible to reduce the number of sense amplifiers to
some fraction of the total number of bit lines. A timing and contro} logic circuit is
provided for controlling the read and write operations. Since a pair of reference cells shall
be either in a logic 1 or a logic 0 state, the signal a+b/2 is the average of the output, 1.€. of
a high and low signal. The difference of a-b is needed in order 1o compensate or
determine fatigue effects (see figs. 2a and 2b). Depending on the actual pelarization state
ofa memory cell as well as the polarization value thereof, a reliable detection of a logic

“0” or "1 1akes place in a threshold comparison. Hence, a threshold corresponding 1o
this average is used 10 terminate the read cycie before a polarization reversal can occur,
depending on initial polarization state of the read memory cell. Since the reference cells
are subjecied o the same voltage potential differences as those used for the data storage
proper, they will evolve similarly to the former such that a reliable threshold detection
always can be performed avoiding switching.



with a correspondi ng nunber of word line drivers and simlarly all bit |ines
can be connected with a corresponding numbers of sense anplifier and d @

| atches. The use of nultiplexing shall, however, neke it possible 5(5‘“‘2 Sce
the nunber of sense anplifiers to somgg fraction of the total nunber of bit
lines. Atimng and control logic circuit is provided for controlling the

read and wite operations. Since a pair of reference cells shall be either
inal OgiMoke @Et Ehéi)ghth e fetate, cdl haem'rvgnélcoaﬁtﬂ D adddteatigeagds of t he
out put ; i, nd_| ow si Lfference of a-b is needed in
order to E‘ 566’?”0%@8%%@%&%9&? %Eg PS s§§1 |g(§I 2a and 2b).
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pol ari zati o ue thereof arellabled ,,f g ro"a"
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pot enti alprdiéiftenenreesnas those used for the data stor age proper, they wll
evolve simlarly to the forner such that a reliable threshold detection
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with reference te course, be added at |nterv t hr oughout the

whol e n'erhjiﬂ/ﬂﬁétaﬂ’*xthﬁlfr@f@é@t"élsﬁ easkdes ttOfna%}OBVé‘/%d%ﬁ%‘a@@éEé%o | oy

single "ls;s0f) rd TLr?J %?@‘éﬁc@'bh 11hn§§1arya$@ﬁéﬁtrﬁé@rht%yrEocafl@lh inefrer ence cel | s
may occupy® ess

ole length of a bit Lin etg v%lntoasmgle
cell. Thé‘lli%[MeThéhaltIShb@ I HBE B1 Sas K 2F BFRTRERORS dRIT rsél "9I6EACEd al ong
word | ines)faihelsibhansbhé dAes, mubiighhkshavy akkantboicttdeo fpigaent:d
i nvention. The diagram as shown’in fig. 3 indicates hard wiring between the

r e}‘ er elncem;bmu dupes: mdretglmearrﬁifebﬁﬂ?erﬁmgj‘[&l aﬂatepmrrsuhel-mﬁv@l?mmf

mul tiplexin ut i reference efined at any
Tocat | on A YRE ot aeRrzh ageiph T A P A iy et M FiTRhg86us +o
establ i Sfrnpﬁfcﬁlye@mce.chi bisisivay egkbnsc af2td biea ey s iataviaxl ablatfohdwe been
subj ected t ue and inprint during the regular use of the nenory

devi ce, vﬁetaaofl ngéE? BiPf¥Y of -nmoving fromlocation to location in the
matri x throughout the lifetine of.-the nenory device. In this way, realistic
dat a shallfomswapbchy, eivaiitabfer poitinghdatarteaddcues et Sieomapivcess! For

S1 D11 €1 taho P TGUTLEY VBl WLERDO daka. to. aeGelibey) Reddien el o not

shown in fi serve déstructive rea ata may be
done i mmcmrzﬁ ényﬂfaﬁl'@@ﬁvtaheerﬁéédea;s}/émle\mtqb @ ppigesel éPP@de@k? brdbélomqqe same

length as determined 1n 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.

In order to obtain reliable reference data, the number of reference cells in the
memery device should evidently be sufficiently large to pefmit close mimicry
of the usage pattern of the actual memory cells in questien, with small
statistical spread. However, a large allocation of real estate and dedicated
circuitry to reference cells shall compete with the other memory and |
.processing functions in the device, and in practics 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
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 1s read at-a time.



|l ength as determned in the read cycle, or it may be postponed until the

pol ari zation level in the cell has reached a | ower value as a consequence of
multiple reads. In the latter case, a longer wite back pul se shallz b 2005
required. In order to obtain reliable reference data, the nunber of
reference cells in the nenory device should evidently be sufficiently |arge
to permt close mmcry of the usage pattern of the actual nmenory cells in
guestion, with small statistical spread. However, a large allocation of real
estate an® AIBHINCRIHdAIRIS cuitry to reference cells shall conpete with the

ot her nmenory and .processing unctions in the device, and in practice a
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parti cul ar el ect ret "or ferroelectric material, wherei rh(g\élqo%l cal val ue
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r ead oper ations accordi g 0 an actua I?lst ant aneous_char ge response
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limt | essatdefartdlgoSabMr @lela®t than zero to an upper limit less than the saturation
magnitude 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 ciaim 1,

characterized by the stored Jogical value of 2 memory cell being determined
by an application of one or more voltage pulses, the characteristics of which
are conirolled by the control circuit device.

3. A method according to claim 2,

characterized by establishing an addressing history for the memory in terms
of recorded exposure of the memery cells to fatigue and 1imprint-inducing
factors and/or acquiring the dynamic 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 dynamic charge response
information as basis for control criteria in order to adjust the characteristics
of the voltage pulse or pulses.

4, A method according to claim 2,



magni t ude of the polarization and being consistent with predeterm ned
criteria for a reliable detection of a logic state of a nenory ceII g @5
nmet hod according to claim1l, characterized by the stored | ogical vabd N&
menory cell being determned by an application of one or nore voltage

pul ses, the characteristics of which arlé controlled by the control circuit
device. 3. A nethod according to claim?2, characterized by establishing an
addressing history for the menory in terns of recorded exposure of the
menory celdisarbotdratd Qbre iaeld dimpin nte bodik g hﬂ‘se@tyoarrsmmbutatadqmirmbarg the

dynam c ch e.resppnse | for mat i n from one grence cel

pairs of %ég’rrbtﬁcaéﬁ@g F%ad;%? &¢ 2ohe W%Pénné}fﬁf')}n SBEF’I LC BHERARy & Lsf menor y
cells in theupmtsf ?gciﬁadnaslbajalcesb_l ng the predeterm ned detection criteria
and/ or the acqui red dynam c charge response information as basis for

control crqteri : characteristics of the voltage
pul se or puI ses% H%t é(ﬂ@éc%@éﬁg H%ﬁal%ﬁ(;@cl aim3l, - 3 JAN 2005 16

char act er |cj‘s?dab§erllmﬂ odimgudmg treﬂ'aﬁjdyealsmmghmwmspoaw adonmaltianed nunber
of wite a}ﬂ%%aﬁ%ﬂdab@ﬁ({ ‘?§vi%rﬁqe§pfeddfg%;\&th'ap%hhicf%n'sg 38?91 dro rgorg cells

or groups of ‘specific accordi'ng
char act er irmethdsy ¢&itd.udi ng in the dynam c charge response |nfornat|on
information about previously recorded charge response behaviour of the

nmenory celds. 6A AciBédadca@es $@I@ Rk 3clai m 3, characterized by acquiring
t he dynam'chcharge response i n g{ tion by recording {flée dynam . c charge
response df TGN AP AP AU B0 & Hief BHEE I CEPFEE ITSPORE HELFIPRIOBRY cel | of

each pair rre@@f@ﬁa%nmm@yreadmgmaree&eglpém @ihﬁrst ant giﬁoﬂref%rexﬁen@d 1 Ivoieh
accordi ng ct erized b%/gt e con érﬁ ci.rcuit device

per f or m nd éofﬂﬁfrﬁﬁo%ea?ﬁ&? a8 RALT ZRIICHETENBE 1088 AN SR AP hoi se

contributions to the recorded dynam c charge response fromsaid reference
cel|'s or abidreséedciRombpycorcang §0 chaith érplyi ng the results of said analysis

as input qafa,eferfk datbg?ﬁé LBMrof efrcGRMNIEL bBEF oA SRLoMintBuR ARG R)Igic 8- A
met hod accor d| ng aim7
: anal }7515 of random and systematic noise contributions to the recorded

dynamic 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,

characterized by basing said analysis of noise contributions upon a statistical
spread of dynamic 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.

S. A method according to claim 3, wherein the control criteria are based
on dynamic charge response information, |
charactegized 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 contro! criteria are based
on dynamic charge response information,

characterized by said control circuit device recording plateaun values
GsaTuraTion and Opackcrounp OF the charge responses in cells representing a
Jogic “0” and a logic “17, respectively, at various points in time throughout
the lifetime of the memory device.



characterized by basing said anal ysis of noise contributions upon a
statistical spread of dynam c charge responses recorded from nenory cells
in known logic states, fromsingle menory cells being addressed a- duAbdildof
times, and/or froma set of simlar, be-physicaIIy different nenory cells.
A et hod according to claim3, wherein/the control criteria are based on
dynam c charge response information, charact.eyized by at | east one of said

vol tage pyl se oy pulses being a step yvoltage pul se of variable length, said
| engt h beﬁdg cantRgio oﬁwrég\]gdtfmam { WEEH e GopTEal s AR

accor di ng o0 d§haiiTt 3haVher&ipbrishaneomhiQbncriteria are based on dynamc
charge response information, characterized by said control ci r\(t:anit devi ce
e e der

r ecor di ng CPREAGELI Z¢@IbYekt d GONEPURATHONIE R € CEACKERTBIND ToFSh _
responses died;56h loh ToRRE @ERBE iNGaf nle@8bi§ cdls @Nékia hegie, Ideiespegei vely, at
various points in time throughout the I'ifetime of the nmenory device. - 3
JAN 2005 BrxI™ 10saAretdvod ﬁeemmﬁcrmg*mﬁ@ claim 3, wherein the control
criteria are based on dynam c charge response information, characterized by

said contnal cix cuéthodeadcoedigener elzimg3a threshold value for decision on

| ogic states in said, menor el.ls in said matrix,. of. mgnitude OTH =
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response i rff or mat i og acquire frolm Irq%zor di thecg@;nagi C char(%e response of
a group oP!fedeiP ey v st ﬁtdm%%nllﬁo SRIOSFETBRS TR ¢ he menory
array. 13mdnpay atmas. for performng wite and read operations, said
apparatus including at |east one natrix-addressed nenory array of nenory

cells conprisifg, 498! f4tEd¢ehh Lo ?tré;a%?ibxle%d’(?ﬁé%ﬁii_%hs,eé‘ﬂidbiﬁ;%a?gtus

pol ari zation 1 nence, in particul artr erroel’ectric materi wherein a
| ogi cal vaIUEdIRg af &St AD§ THETHFI6EF35 el gnEBOF L S6HYeRE BIETB P pElSri zat i on

state in cadiptidialan cleeRMEALLHY] 58120 3hAeriRERRAbIER SolRRGadieher m ned by
detecting a charge flow.to or from sai.d nenmor

cellsi’n, response to an

appl | cat | BHPEPCYOTt g UES e TENBF HORG TBR E LT B TOP MHRE ESaTHGCt he memory
celI's of aibragriaya mieah srychdrl geredreowmdatiactticopoliafizRaiicn autealn hajingivased on
a charge ];L}?era%&r}tps%rlleec tabfeax%se%%jory cells and determined by detecting a charge flow

10 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 parti&u]ar'being based on a charge flow component caused

by a change of polarization in saild polarizable material, and wherein the

apparatus is characterized in that it comprises circuitry for recording a

~ dynamic charge response of one or more memory cells during a write or read

operation and adjusting said application of voltages to limit a degree of

polarization change in said polarizable material during each read and write

cycle to a defined value, and a circuit for controlling said write and read

operations, according to an actual instantaneous charge response, with said

value ranging from greater than zero to an upper limit less than the saturation

magnitude of the polarization.

14.  Apparatus according to claim 13, '
characterized in that said memory array comprises reference cells with

known logic states.

15.  Apparatus according 1o claim 14,
characterized in that said reference cells are localized in pairs, one

representing a logic “0” and the other a logic *17.



by a change of polarization in said polarizable material, and wherein the
apparatus is characterized in that it conprises circuitry for recoridisng0e
dynam ¢ charge response of one or nore nenory cells during a wite or read
operation and adjusting said application of voltages to |limt a degree of
pol ari zation change in said polarizable Jtterial during each read and wite
cycle to a defined value, and a circuit for controlling said wite and read
operations, according to an actual instantaneous charge response, with said
val ue rangiigg fmgggggﬁgtﬁcotr@ﬁm #ZeEleikoran upper limt less than the
saturation _nagnitude of the. polarization. 14. . Apparat yUs according to claim
13, char acERFIEER T4 (htatsaidr Vaﬂ#w%%ﬁe?&@ PEresenEcER | s wi th
known | ogi grssates. 15. Apparatus according to claim 14, characterized in
that said reference cells are localized in pairs, one representing a logic
"0" and the~ot her logic "1%. -. 3 20 Appar atus according to
claim 14, gr’uar ac p&%irétg% E}Cr?otr%lgrg tsoalcléﬁg\]lejf%erggﬁ%‘gn%g 1s are distributed
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hi story anﬁiesﬂé\{?;egmj Egﬁiﬁﬁﬁé%‘/gﬁtstgeﬂﬁa a%t%'i.' 18. Apparatus according to claim

17, charac groups of nenory cells are |l ocalized on one

or nore d or, bit lines in said . arra
Rk Apparatus acc_orélmg to claim Iy7,

characterized in that said groups of memory cells are localized on one or
more word or bit lines in said array.



