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ferroelectrics in particular is known and attempts have been made to exploit it in
prior art memory devices. It is based on the fact that these electrically polarizable
materials possess at least two equilibrium orientations of the spontaneous
polarization vector in absence of an external electrical field. The spontaneous
polarization vector may be switched between these two orientations by an electric
field. One of the polarization states is considered to be a logic “1” and the other
state a logic “0”. Referring to figure 2, a material with a hysteresis loop (210)
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state a logic "0". Referring to figure 2, a material
wWth a hysteresis |oop (210)changes its polarization

wa@l2eoso5G66n upon application of an el ectric fi ePdI/ND2104/000361

exceeds the coercive field (corgesponding to as the
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memory cell(s) addressed by the operation. In addition to this, the pulse
protocols have to assure that any cell not-being addressed, i.e. a “non-
addressed” cell also known as “unaddressed” cell, never is subjected to a
voltage causing the cell to switch polarization state, typically meaning that
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cells always is less than the coercive voltage V . If
non- addressed cel |l s al ways shoul d be subjected to

waelosagws7 | ess than V , active pul ses of -V anBCHN©2004/000361

cannot at the same tine be applied to addressed cells
in a passive matrix, i.e. it is not possible to
concurrently switch nenory cells to opposite
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Figure 4a illustrates the same generic principle but using a flowchart. Figures
4b and 4c¢ shows that the generic description in figure 4a is common for both
what here is referred to as an “ordinary write operation” and an “ordinary
read operation”, which are presented in figure 4b and 4¢ respectively.

In figure 4b there is an ordinary write operation where first an active voltage
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state, then in step 404 a second voltage pulse is
applied such that only selected cells get a second

W@easws065Dl t age pul se applied resulting in thaPCTHa@2004/000361

data become witten to the addrgssed cells according
to what is predeternmined by the wite operation. In
flgure 4c there is an ordinary read operation
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are normally referred to as “disturb voltages”, “disturb voltage pulses™ or
simply “disturb pulses”. This phenomenon in general, often named “disturb”,
is an inevitable side effect in all known pulse protocols for passive matrices,
at least where it is necessary to write different values to individual cells
addressed in an operation. International published application WO03/046923
discloses a full row addressing pulse protocol that does not result in disturb
voltages during application of the first active voltage pulse. Further it is
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magni tude V are applied to addressed cells el sewhere
inthe matrix. It is advantageous in passive

woredosioxoeatidr essabl e devi ces to address a whol eP€DNORF04/000361
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qui escent state” ere there are no pot enti al

ferences over t f or, xanp the, cas
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ureddmgdish ghotantial dlfference resulting in the second voltage pulse, in figure 3,
i.e. a second active voltage pulse of +V or the dashed Vg/3 disturb pulse. Note
that only addressed cells that are to be switched to logic ‘1’ are subj ected to the
active voltage pulse of Vs while those to remain logic ‘0°, as set in figure 7a, are

exposed to a non-switching +Vg/3 potential difference, which is an example of an




10

15

20

25

30

35

lines. The polarity of a disturb pulse at an
unaddressed word |ine depends on if there is an active

wa olosagwsspul se applied or not for the addresserCT/aDROED00361

the bit line intersecting the ugaddressed word |ine.
By studying the potentials in figure 7c it is reveal ed
that whatever the potential selections of the

el S G IPALSisAIB: Dhﬁﬁgea l:étl@ﬂ YRR JR8oRld $b}i£§é ﬁ@l'sé adistirb voltages

1
pr esent sonewher e Wa t en t
D e b anly Vit e an el presst sitoRyee A G8e £l wintidrgssed word

n@fne? L’l;}tl?féolaﬁ gy 866 IeR8RIASE han @hzﬁddiéé%ehl@lfér@gﬁﬁe dépends on if

nwth cert rties.r
péheteils aplagtivevelipgg BU S ePoiite %ﬁ@r@é@ &g cell at the bit line
p’iﬂt*ék%ﬁn %@ﬁné’&&béseww&d lﬁqed[B%I stidyivglth@petentials inSigure 7c it is

i Ee{?q%&ﬁﬁ}aé it o ROy e Casldisioe ot plep aasy £ fpre wil

F%'lﬁﬁyn% bé d’tpkm@dk&ta gs Ef@eﬂﬁon@@bﬁﬁe;?ﬂbm witen #tés dedited to
n co N 1 O eno n
CiCSBOVECRGY SEP e S SolaepUBED sPmed e el g dag addressed

resllkt in an acci dent al switch of polarization in a

nonaddressed cell. Inprint may arise in nmenory cells
t Iﬁfsﬁ:[ %ﬂﬁgé@l@ﬁ(ﬁﬁﬁlﬁ@h?ﬂ RAlPEdERR P?gpe%h@é felitel t@ olanzable
perlo mani fests 11sel

swnateriplsgnppepes $918g paﬁ@u@ewm J@mﬁ/@tb&@‘@i gﬁr Aéhsturb voltage
S Qh%cltt 18 b%fb\ﬁls&/n d &ak 76F &?a?ﬁﬁ) ri¢418f ﬁhﬁ@h b &l%rﬁoﬂ@eééIFithﬁé direction

en SW t |on ion to't

o[ghvR be th%p@lﬁgt)dpf cf Q;Hrlwqgl‘sg, cing the I}fgéoolarlzatlon in the

r %%lldﬁgc&ﬂbirféglohhﬁlth %51 }![?Hliﬂoﬁﬁbrﬁﬁrdﬂ(im phihit 0k ﬂ@d”tulwi)ﬁlﬂé‘;e may even,
the polarization has a

d ta b
AT BRSNS T58A hIA BHBU6! PEUEh P polBiation in a non-

t igi@resséd a6ll Apiprine rhay 8€sd fh mﬁﬁidryé delﬂ@t}ﬁm&érﬁﬁlnaﬁ a certain
nprinted cell, that 'c

L ER e on e St A DRHON O e JbSran e bR el ala halige d the

disigedhi®N prapedtiestwtebytithe hyét61%51sld‘urtfél shiifispoiasttednarehse the
tine to set w di.rection

d t

S ot g5l bt e YASuDB S S n B oposi
I o tthe diroptidrnivhetd etrhaerialNads meidy:drmlymg tte $tprintipglpeeiod. In
apercugs. s e EndepoL i R ot bR R direction
exalgtat hwsybmsd«llowm asst for lserr&dtmed[f\ahemtwe aulsegs applied to
addr Cﬁ’l:elgﬂ]g‘gl‘hrll’[gﬂ gh{?{ gélf maS/ffog' }e&‘{o% 'of c}ﬂng %F:tslaﬁé‘ﬁl% to even
pmllleo]luaagasun thse farnten nm@rmt titrecﬂmtmg eclg. st distesl pnbmﬁifthe imprinted

|
f:ciel %({é% &ﬁ%ggﬁ frﬁzl%ﬁg sgﬁ edn tﬁ@ %Qleqlréc%g)%itﬁgchﬁ% Hﬁn Hdu?tse may

rraatcmdeniaeﬂbes'wntd:}eﬂmmﬂh wq in rﬁhfmtmprmbdinr@@@npul se and
that decay relatively slowy conpared to the direct

C h@é@&ﬂ&@h@;ﬁé qls@ul% Lﬂé@ﬁ@o@@@itéﬂflﬁ gwﬁeh acihemerw@éll &ﬁﬁurb voltages

Iour&J éqe p;tgfsga}swc g )g?,‘::ulq;%?l % uhgﬁn ﬁgx may gnasTc charges to be

t hs%h@éd){iv‘heﬁfrézﬁﬁng afl latlﬂﬁésécbcéih SitgprioBiuh af dlsturb in particular for

S L}H,a lségatéﬁ«gt\l/rg!g}s;ﬁg%}qggggo Qfe{e% 1ncfargetp%s§a1§fg Matrif structures with many
disturbed memory cells per addressed cell. Another related problem is relaxation
currents, i.e. currents remaining in the matrix after the application of a voltage
pulse and that decay relatively slowly compared to the direct charge release e.g.
from applying an active voltage pulse to a cell. Relaxation currents may linger and
interfere with consecutive operations and it is therefore often required to design

regular wait-intervals between operations to assure a sufficient decay of the
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rel axation currents, which in turn results in the
negati ve side effect of reduced data rate, e.g. in

wo e@diosgsand witing. It is often desirabl e, OPCEXOR004/000361

required, to |nternally di vi de the paSS|ve mat ri x
structure into smaller "sub-matrices" or "segnents",
for instance to reduce power requirenents or to reduce

t heelawst ciaterts sz/chBQﬁ t@l%' ﬂe§u1@é1fﬂ he @ggﬁ% ﬁd@%ffecF of reduced data
Se nt ati on cconpl i shed in vafrl ous ways,
| ©84L r&?&%@@ﬁu‘”ﬂﬁnghe present applicant's
| nt ernational published application W2/25665, which
al ¥gs @ificnldssizableyot trem Ipquncd,alotmmnnaﬂggdwmcﬁathecyas&fve matrix

pa%ﬁ&ﬁré‘ﬁﬁ& El‘ﬁ%ﬁer “%L%W%aﬁ?éeg” & eréjﬁrﬁgng?)r r{gge){a&&ﬁo reduce power

sonme ext passive
evmmmmﬁglﬁs @bﬁﬂﬂi@dun@ﬁl@mﬁb@ofachewslbmi exllsbdhitrivgeaddressing.

Sy BA U g
ippRent @Pbbﬁfmtcﬁelmqwl@%wbhsh@l anplicatiep aKO2/25665, which also

pa@eu\s@eﬁﬁ&fﬂe% Y &95@5{ géssi%g%aﬁ’fc% part of

t he sane nenor ress rea an Si ngI e

There no unanbi s definition of a

sennEhrBaTR die ouihantonay T TOIB AR PP RoShent paeHes maix of it
| sowin e tihougbfconﬁ?mmahy pfsn afe m?@%ﬁﬁbeﬁ%gméﬁ}s like for

t e_of s concern for, the en
RS ol Dby e e ARSI s RO SheS ey Blsadigey even be
t v@psséﬁw to eomsider two S%I’u)sanmaﬁysmd@eﬁdemtqjasgng'eQﬁat@xQﬁdlces as

ve arise.to substant
d| o=t 11%59%'{@% Srl%aﬁ't ?ﬁfg’lessgﬁ%e @8@%?ddres§ Aregay og%ated as a single
pdgrgesneemoryudi hq:ueisyncammblgulaus pefinition (ﬁdﬂs@mentéd passwe matrix,
e apsence

S B PRILe CELON £yl LA A, P REIRGH sive
arfBetiices g manof sprofaltdoacemdios gsepreset mvémtmﬂ] efiz. such that
D'"t%?x%f?%‘ﬂh A8 HhB8GkaRRlALhgabl e material s i s

fatigue’ ch res omrepeated sw tchi ng of

t he dlr ctlon of polarizatjon in a given nepory

wh LB aherBie o £l 7806 aSihenr @Yy soallgive arise to
disabstantiglsdiatutb wbithgetialtiic bavoregmean small to allow
proper operation of the menory. This phenonenon is

LIRSS B S R B e

of , swj t ches rizable materi al
| it HRR Eabimg Rhocnde af Y S AibhuGE 6 mongrddiesgdaall belonging
|moandﬁmsegrhblaitthdnutlhmgidrbé‘seﬂicieﬁti me has a theoreti cal
possibility to reach the domain of that upper limt,

f .
|t nbﬁﬁ’{cﬁléé lf’elfoh‘?éé)e\ﬁ}l tggteﬁlrr%g‘ngegﬁéelﬁrl?ﬁb&gﬁﬁétgg&gqg mfa?%ﬁgi, which
t Keswlis rféomtrﬁb@at@@ pwviching i thg teetione vbpylacizapian tin afgiven memory
t f@@u r@ﬁ@fe‘b yitRe PEASIEL gﬁ%&%ﬁ% ff)tré‘%égﬁ(/ég d1hi1ﬂ§h%4"z%{'d ultimately

w% have been t he re even
diPEePImEs s aA Hey dllowInroperonssatien 'ﬂHﬁs phenomenon is

| MENIA G and a range of remedies exists in the prior art. Nevertheless, there is
typically an upper limit to the number of switches that a polarizable material in a
memory cell can handle before becoming fatigued. In a device that during its
lifetime has a theoretical possibility to reach the domain of that upper limit, there
is a risk of certain cells at certain addresses in the memory device maybe subjected
to more switches than the other cells, causing the memory or part of the memory to
become useless in a shorter time than would have been the case if switching were
evenly distributed amongst all the cells.



10

15

20

25

30

Even though sone prior art segnentation reduces the
total disturb and a well designed pul se protocol in
w0 b@5/05166T art nmay keep disturb voltages at a POWNO2004/000361
| evel , there are still disturb &oltages present within
each segnent, sonething which in conbination with the
i nprint phenonenon and due to occurrence of sneak and
rel axation currents, makes it necessary to decrease
evi ce to assure del ays
6§?“ﬂ§%QOQZF§??%ﬂ§T§ﬁ§§§§?¢@§ vol tage pul ses such that

eak and reI axation currents may decline and switc
BV thitel Semedithar 415 SSEmARatioh s qhasscg dpia i lEerb gnd 2 well

t iRy pmmﬂoioé& lhr\t‘l?l’é%fﬁ@r éﬂ’ﬂ@ni’}fk@éfi’ lags el # %o!tagss BY a low
remne oned ot er obj ect

o]FVFﬂéhﬁgeeé%ﬁtaL ﬁ@%ﬁﬁ?i‘f Ritpges Br‘?:ﬁeéli uf lm}ﬁlee ¢1Hg something
ophidt {esmbucdtidh &ttt tig in‘qﬁﬁht ﬁﬁeﬁ@ﬁﬁaﬁbﬁta%@l &Ye to occurrence of

fat| ses. The,é above objects as
ek, BIATEESE culiags aStithscd nacessay tp slegrapserihg data rate of
rthbhndnmy aletticwtd assulbe dlem_ﬂysrﬁet%eﬁsopﬁréﬁbﬂéﬁ @ﬁdla@tithQ/oltage

dﬁ_@r act er}bﬁp%% %taﬁa&\ﬁ?%%{‘oﬁgeﬁ%ﬁgﬁppxﬁeghgﬂan‘gleswnched cells

beill get tindetssetld. by way of exanpl es and the foll owi ng
di scussion of preferred enbodinents read in

CPRd ﬁPﬁl‘b h]SH] LI 6@&&'&%?9%%1 id rt@%&%afse Yhis ‘Bﬁsmﬂlﬂ?ﬁﬁfanrate by

fig. n exanpl e a _passive matri X meno
et dving the phoreimentioned prptlemseen and in the
i ntersections of bit line electrodes and word |i ne

ehrotireoddgectast ﬂheqmesem 11nh'enﬁanB te][dlstair?ﬂltfreﬂﬂtesrsﬁfg operations
r
S G e P A Al R gl o7

ferroel ectrl c, as known in the prior art and nenti oned
2, abey g obgecs as weathpe fist elée@mntﬁges/@ndég@tup@ﬂ gesrealized

QvRh aaﬁle@lﬁwd 6§§&@1&$ kd tlﬁ@ltﬁ@?ﬁﬁﬁf é{sedﬁ%L do ﬁ%%%??étgnzmg

devi.ce i ng-oper ati on, known 1 n the prior art an
Rt 1i°8r@3‘“éil§89’égelﬁ aimg4 - a fI ow chart describing the
principle of the voltage pul ses in figure 3, as known
iBRIBE DESCR IO OFratiE DRAWENGS fig. 4b the
flowchart in figure 4a for the specific case of an

il iAfh ﬂemee 'be&ep ﬁnd@?stlf@&"ﬂf@l' \Jva?/ bﬁ%xefﬂ;ﬁ% ahl the

nenti Qqned abov art gure
?@ﬂp&fmg SGsIen bt pee’r%éreéif erahoéuamférryadéa@omwpuon with the

WpipeRdbadtaRRes Foudss, vaBerdeoWn in the prior art and
mentioned above, fig. 5 an exanple of [ocation of

r | Y matri x-.addressabl e.
n% 1691}9@% %g {)kra?noﬁl%aosf't §%s1}4% metaﬂ%@egbogy tﬁ memory materlal
located between and in the intersections of bit line electrodes and word line
electrodes, as known in the prior art and mentioned above,

fig. 2 a principle drawing of a hysteresis curve for a polarizable material, e.g.
a ferroelectric, as known in the prior art and mentioned above

fig. 3 an example of resulting voltage pulses over an addressed cell in a
passive matrix-addressable device during operation, as known in the prior art
and mentioned above,

fig. 4a a flow chart describing the principle of the voltage pulses in figure 3,
as known in the prior art and mentioned above,
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fig. 6 denom nations for electrodes during execution
of an operation on addressed cells in a passive

woradosiososatdr essabl e device, as known in the prPOI/NARE04/000361

and nmentioned above, fig. 7a an gxanpl e of possible
el ectric potentials on electrodes to subject only the
addressed cell(s) to a voltage pulse like the first

VO I ' i; , i e i _
Lonen B Ll 4% 4 AR LIS Lo gy e
el BBEIAUON, 38 &Vl &n dhe Briet brbaed mentiyttdeatoe,

qui escent state |ike between the voltage pulses in
fi fgr éc3he dbowredant imfighee 4 ifor tier speificrirt idmedordinary read

abgve, fi.g.4 7 canpl e, of possibl e.electri .
po%\%‘t ngitg bag ‘f{e eeggﬁgaegs kpowgpin e oo pt ia@,ﬁgmeaglpped above,
of .the addressed cell(s) to a second active voltage
pufiged 70 eramBleg! loratwaceihstoved datfeinpalpessiva ralgin-eddressable

3, d@sick NV RnbWnl HHEHRI P96 At ' bove, fig.
8 the a’bsenge gf di st%r br volﬁnggggﬁgghhﬁgggyg’ssed cells

i N [ | i call ted

7 BB OB Roaro B e S B Y S oo

i nadghreiond céligin 8 passieevabiibatidessabld desicapm k@6whdin the prior
a.&‘?lahﬁitﬂeﬁﬁgn&?%ﬁb¥g mat r i xaddr essabl e devi ce as used

W th the present Tnvéention, and causing a readout data

raée, fig. 10 flow chart of an enbodi nent of the _
prid€et A freHplS P lgplaciaicepeientabipen gledrpdes to subject only

d. H " i .
i the cideldedse danal(Bpto aaWTRRe pulsé hg_e%aﬁm %ﬂggmﬁ‘ﬁl figure 3,

used with.t present invention, fig. a the

of StV § 1335?&@%?&5@?5@@%“@%@ Ab@¥&nt i nvention

usi ng_an address mapping table, 10 fig. 1 b the concept
offigefipay exapmilegfi possitelepml estett piteutinly om elitRgledno achieve a

aqqr: ' e of the.l ogical .
SRR, 1ok Bt Pec oot AL Plse} 05 Al s gy in the
nétfeTyart gndrimpheoned mbouei on of the address mapping

table, fig. 12 exanple of an address entry in an

adéls. €&samerpinide oY Rsible el tHE §oRBhtIARVED E{e‘é&odfe'b 90 subject an

exanpl e1 of aﬁfﬁ%nrre&ﬁ ent({l& li& a segnent, table in the

progggma ?pﬁ(,te | addregsed; ge grt@aesegpngﬁgé/ei yeltage pulse as

prshsent by tivest¢@rd 0bltags paleRnin £akHeL3 a8 Rn8WAUS the prior art and
mentioned above,

fig. 8 the absence of disturb voltages on unaddressed cells in an unselected

segment, in an electrically segmented matrix-addressable device used with
the present invention,

fig. 9 intervals between pulses applied to a cell in the passive matrix-

addressable device as used with the present invention, and causing a readout
data rate,

fig. 10 flow chart of an embodiment of the present invention where an
addressing operation is directed to another segment in the segmented device
as used with the present invention,

fig. 11a the concept of memory address mapping in the present invention
using an address mapping table,
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fig. flow chart of a supporting nmechanismas used with
the present invention for nonitoring the segnent table

war@soswers any 'l ock state' mark in the segnmepcT/NaI08/000361

at appropriate tine, fig. 16 fhgw chart of a first
enbodi nent according to the present invention using a
segnment table and an address napping table as a queue,

. YIRS 0 i 1 g i ing n
seddmess snapping sablier anshatorges af terilegisahaddieay abthophysical
a @éﬂe%?ﬁﬁ M, -vbminl,fgiorgafn ARG 16U dAUE rédtbsion b8thd Zddress

ow chart of an e Iment simlar to that in figure
1B1apping $tdee the conditional delay is replaced by a
mechani sm usi ng segnent table time stanps, fig. flow
chial 1l 2afxadiplendfosh addtessiemttyain 41 atdeetssimappiggrteblerin the
but” where a .lock state' mark is used instead of a
tPF@@flgHﬁ’eéﬁtPnc’o secure that the second vol tage pul se
in an addressi ntg operation is not applied too _soon to
afigedAeanampleqof a gegment eRtY AN S%ﬁn@w@gﬂ%hfh%mﬁsﬁa?
tﬂlJJ}ﬁ'{Oﬂ. n figure 18, but where the conditional delay
i's replaéded by checking the consecutive operation and

candi tional |y change segnment far. - i '
e S R
eghedément simlar to that in figure 15, but where

addi tional information on the pre-set cells

p?fg"?‘rlgzﬁB{'Noéhas& 3 dippbrafgitcanRtiismald @edithhthe present
second voltage pulse, 11 fig. flow chart of an_ . , I
e tbeatithforsingp teringot mentitaple an yps%ta%épgc state’ mark

PW%@&@%@@H{%@% apBrépredtenpae, i nstead of repl aced
in the address mappi hg table, fig. 22a system

I nvi si bl.e pre-set. c S . . ' . .

B O B S RS23RN Ot svention
phyghigcalegudne sads and pr eddesss cadprEngfthble 20p qpseeand that

vi sibl e pre-se ' t

2eDpbsh B TS EHubEL SIUOChRl PR B5To AR Aite pulse to
adiffessssegmente andtconditienally iroduessor delearbeigse application of

T/v:tﬁ%ﬁ%gt QctNeo%ﬁQgﬁ)nge a second enbodi nrent as used

present i nve on distributing pre-set cells
anpng, t he segnents during.system.idle tipmes,. fig.,<2
et e P N bR LTS ribP s where
| ANE Bbh@ﬂicﬁ{aﬁraiejlibgisaf@ldée&i by huhecigasyst esinygiseighient table time

preset cells at free nenory addresses,
stamps,

fig. 18 flow chart of an embodiment similar to that in figure 17, but where a
‘Jock state’ mark is used instead of a timestamp and to secure that the second
voltage pulse in an addressing operation is not applied too soon to a segment,

fig. 19 flow chart of an embodiment similar to that in figure 18, but where
the conditional delay is replaced by checking the consecutive operation and
conditionally change segment for the application of the second voltage pulse,

fig. 20 flow chart of an embodiment similar to that in figure 15, but where
additional information on the pre-set cells polarization state is used in

application of the second voltage pulse,
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fig. 25 a flow chart of a fourth enbodi nent as used
Wi th present invention for supporting both system
W e@slob@sand system i nvi sible pre-set cells anpCT/NAR004/000361

provides quick wite by utilizimg systemvisible

pre-set cells, fig. 26 a flow chart of a fifth

enbodi nent as used with present invention for

sﬁgp@ﬂ tﬁldﬂxg dhalryy of yﬁteambommdﬂtelmﬂfer setthatein ﬁgu}ibh i thut where
ra e set, .C S an .

PRSP el TR bnd s Frgi-E5u,6iihs Bt mopping
p’tableset cells, fig. 27 a flow chart of a sixth
enbodi ment as used with present invention for

sggpgnalss}gtehpm@yo%%%séb% b5’11§ Wa{eqle %Métaaa}éég\ﬁhﬁppin% table as
qulset cells and rovid nc%w Ck wite
u

wﬁbgp@%%w%m f‘rfrléQfs%Q 2 pb,ysmalgad%@sws to pre-set
fédlsd, enmbodi ment of a device that may be used for
|nplenent|ng the method of the invention using the

29 an
Hoartanriest BRI YRIE By eR Mredddhest fuiihipe safle as used
oWlmesmwevmomqmam@hmdedeseeIto pretset oells as well as
%ﬁ\é@%@ DETAI LED DESCRI PTI ON OF CERTAI N PREFERRED
Before giving a det ail ed description of

ef odi nent s, s the prerequisites as .
Vi 23 ﬁ%ﬁn@?rég‘f ArisePR ﬁé%b?@m% a@é}?@%ﬁl@d&@g@mentwn
odistrilediZn @pesest celly epfonenhehririndits dustigsspderdndle times,
anal ysed in nore detail to give a better understanding

th%t he aoﬁb\%cé ?8@ S Q%bf)ﬁﬁnél?t fﬁéqocf]W1ﬁ gf%{sgﬁglq%eéltlon

exa nterva s ne a
drmeatlngta@d disarﬂplafs@g wstnm VlSXb]actmee@S@‘ﬁl&%aﬁﬁ‘eB qeembti
&ells of polarizable material, e.g. a
ferroeﬁ ettric material. The interval s exerrpl ified in

flqu 9hav e dto contri bute the nost
S Ry et fE ORI MBI & Lied With PréganEimyention
afos 8yppoLEtn ®bodp eya&np?mlﬂe eIﬂQDs;fb{téthh@fiﬁlbwlj?fee§§t&$ellsnand that
es s in a patte of vo e
|°¥£es Qg e by Wiine YRRl kinh bt e s A |
erati on on address AD consists of a first active
vﬁbgt & fhawsehapt obp fighrentbetimeny agppsiedeithpresett inwehtion for

%)la?tlﬁg Yy %ﬁ%ﬁl 91&9&8{?}@ -4l dpg evﬂﬁ%ﬁ %egﬁs tf’é%kctﬁ“ #hg total

er a_secon active v age p e’ 0 e or
di@ﬁb@lbo nreseeioseimand thateorovides awickhviits bugdilizing system

qulsi%qé fré’fsei Belisecond vol tage pulse P2 is optional and
epends on the polarization state each cell addressed

t hal | ft t ti
W' 2L e G 3P lal Ak bR SR g SLud v OBt pRseRimveation for
csu;p!pb_ytlﬁg !boltlhl eysteneiviﬁ'blglmtdhsy?&:ﬂn ikédgibte pf&i\s?t cells and that
at i. .at . set;. the first,.active voliage
I RldesrdicR W By ﬂlza'?ﬂg Saent LB s @llsn Ig
dﬂg’ t2u 8r g fYr%lt tegl%% Ilillle%% of a dev1ce that may be used for implementing the

method of the invention using the main memory to directly handle data,

fig. 29 an embodiment of a device that may implement the methods of the
invention using the memory control unit to handle data.

DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS

Before giving a detailed description of preferred embodiments, some of the
prerequisites as well as topics of importance in the general background of the
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address AD of magnitude +V /3 or - V /3 depending on
the voltage of the second voltage pul se for the

w@dases®sSAD2 operation. The interval T(P2-D), PCENO02004/000361

bet ween a second vol tage pul se and a disturb pul se
originating froma subsequent operation at anot her

address in the sane segnent, may be a problem in

papﬁels@ﬂ’[ ﬁfvdnfhoﬁlhsha&l?bb d'ﬂs?tﬁlsbé& Bnd\/éintaii}l;!;%@ ﬁlﬁﬁ(ﬂ@ﬂetall to give a

r|nted di tion Q%% g &rUI‘SJnt e

E@ tich WA ladin B AT i ﬂ?ﬁt%na&‘ 16V?8 ¥. ths) inviengion.

betvveen a first active voltage pulse and a disturb

qu pured ghaves Angxampte o fdotaeglsemgasirel peilfectiatg the data rate in a

égég?&e ﬂﬁcﬂﬁ?agizd % 58!%% ﬁ@%es\%m{egldrg ctf%]]@' ﬁél&rlz?ble material,

aI Pr8s B pﬁ@emorma@@m The ﬂ@telrvahsrﬁetemluﬁhésn figre 9 have been

sWder e o trooéBIﬁﬁ 'f@ﬂﬁé‘hﬁﬁt %fg 'ﬂ% %flkd %;Ith[?feference to
Oﬁéurs I n |rect|on
ghrh &r @éﬁqlb@t%@ﬂomr@tmgn a’e@ mﬁemttaai@éewse the same

oro Lﬂfﬁ?gn tORELROH aSRARNM dfoxldll?%%alﬁﬁ’l%? afRd By D 3f the addresses,

nce it occurs wthi dr essi ng operatio
e/?»aémer@?lowm afirgpeAdd | 6ABSISIOLA sy apave voltage

a milesPand ﬁla@ﬁiﬁﬂdém‘iﬂg apf)hé(ll‘ o %ﬁblil cBASathRe 'ﬁd%l%ésceﬂﬁija second
fro an i i d%F recti.on and. i f the Pu se
VIASSh sﬂ;’d Y St‘-’éﬂ’eF wese@@mrl q&w@ Yceitagf'epu se of magnitude

I nﬂpVg R @ddidiurdciiiles ofgﬁ)zﬁ 8 /W\?’%l(ﬂ?ﬁ)&agé tb rsglect for the
as i |
IR TR et T I L

s ralch cecl’%adir@nessdftbby nay @pbhﬁh(ﬁﬁ Shalh @ogwsmradhbmpera’uon The
switch.t

© b RA A RrIFS St suite okhes puliee o 1 seanlg for Those cells

i rthet sizdl$ tRange gﬁﬁpbhilrlzlamltoar state wmgi therfanS‘c at{iveRldltage pulse
nat |,n ro
ool 40F TS S A rE A BB X L GREe atpead on
f iadsiresscAiD/e o magage: deut ¥e/ 3061 an(ﬁédequI?hthnEf}?eV@lmage of the
VO u

e ST Folke e Fr AR S B53E Ppkful IE PR eyl T(p2-D),
subs éxw@n@n @wlcandomlta'gmquse wodindstwdl sulae @riginatiyg from a
OluBRUERR Sl PSRN LELAR B CEMhSng oy be
| ipveblsmy mep@rdmllé@sléot ce:leﬂl has bermsswitahpd éromldn beprinted
Sqﬁf&‘%fcﬁldb% 22\’&911& ffgjﬁso&fur%! ih dé”ﬂh? i ge%d dhR86H0 eﬁ“}qg'lﬁteerval T(P1-

aril se st ant snea 1on curre
wP b -4 betiepn atfirsh agtiye wa)étag@naﬂg@gndca distwrbrpelde iomiginating

SliPéxﬁoélﬁﬁEser qeedt 8?@1{21@ dn°£‘t aldthtt 9&51%%5 ﬁ’ﬁ' the ‘sl&m!e se‘ﬁ%?ent is

read or wit

shown gene

p§¥EHC@L1YﬁﬂfIBPIS<ﬂb?@dTé%%Qﬂ S U §/’fﬂé€€@olplmbﬂ@matica>fmlnmt the

prs@hﬁcfﬁas@ﬁs IHererieshe bOM Ha@%e@hes%ﬁ%hédqﬁ%ﬂji bﬁ mﬂgﬁ?ﬁ’t'eg direction

cri hed_as |nvoIT£§szaty\o step

ADVaeL 0 1541 Py ibe g Betiappl hednicsvadBLea Is the

Cehlegvill hétiwbeRahi fHise @ctﬁ@%@l@gbqﬁu% dhA3RY options] 88¢bnd

read oper e}t ion_as descri %(il
voltage pulse and may be a problem since it occurs within an addressing
operation and is independent of coming operations, which may be a problem
in particular if the cell has been switched from an imprinted direction by P1
and if the P2 pulse is not supposed to switch the cell back to the imprinted
direction, for example when P2 is of the non-switching magnitude V¢/3 as in
the illustrated example. If the interval between P1 and P2 is too small, P2
may then nevertheless and accidentally switch the cell back in the imprinted

P2 direction due to the aforementioned imprint effect. Yet two other intervals
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figures 4b and 4c, it is possible to create variants
of operations for certain speci aI situations that

wOoradksms4657 possi bl e for a user, a progr ameeT/ND004/000361

nore efficiently operate the mai?ry and thereby for
exanpl e increase the data rate ncl udi ng the two
ordinary operations in figure 4b and 4c, there are

”%Pé%éhlxnﬂéxfefls:f %@%K ﬂ%?g‘?ﬁ PT) i ea&ﬁaeg{}v%eﬁ QS &ishl% pLh)se originating

eration
acEBRHRRGPEBAti oy at anaidier @édmssuadhfs rscameamgmcmwamcb alfsmt active

apgdlk ji)@l%eRﬁ‘ J‘Eul?geg\igﬁ Iéfrafticﬂll”aﬁdA’P(IPZg%lg ? | Detti®n a second

dat ructi vel n
f |‘f(gfa?§cf"i1 Ipg Ip A %@Pé“ aBQFls?éld & higs @Ws‘étt uoltege @@éxmdf a subsequent

d;s@gﬁoﬁ UTh@sé swé lmr*«&rsbﬁe hnﬂﬁ'ly% %ftc*&ﬁEeHPHﬁé t8 %ﬁQak and

ssed cel to repr same

beﬁe @Ué%@e%%ﬁr% . S?Pftodéﬁ}é ﬁ@natde@mg tha; aMmeﬂ:s alm@mharwt line of

Wrthb eddeesedi dvdl {rottik %aﬁlpw mﬂeﬁ@&ﬁ@%b{éa H)e§8ﬁ‘%€@sdof Vg/3 which
uI se ication Vi ew

agmqige& Crt !@N\%% Qﬁ‘@ds%@%tl%laqq% fdovelaxation guirents which in

ortheﬁrttlumm n\M}} malak ohasfEsonelle derddiine® BhbsRfucaR roid bB@ra’uon
f| rst actlve voI tage pul se that sets each addressed

t Seco
%e 5 te %g%p?gﬁgﬁ% a Sémﬁ}e?%l rsegﬁh%r wr% operation on a
p@aéﬁhVﬁdﬁaﬁhX@ddt@SSﬁg}e m@hwwextcaddllmgsmeajpulslel 1&050!@61 of interest

t *fé% tﬁ@ﬁré‘s%lnlt SRS Sc%‘éll@%etcgé%cﬁmﬁaats'ﬁ%m}ﬂg éc?x? Q atgps 401, 402

brought “t o correspond val'ue as
bWh?{élIW\ﬁ}lt@étWﬁéf(}itagﬁpullsc ln)a)REAIprﬂi to addressed cells within

Y Badfe R EERAN thblafhP ISRl AR A ARAR dERd in

appl i cat on(g flrst active v
E Yies ﬂ10>41(§53 PRIsIbIG HuFreate vatants Oﬁap%tratthms foheertain

r @pQcﬂ@%ﬁuaﬁény\/‘ﬂhétttﬁﬁkés‘%t C}ﬂ%sﬂﬁb'f%r ahlgke E g gl}:%ogféeiﬁﬂ%r, to

t f rea i
5 e‘? W?%ﬂ? y%ﬁ%&tﬁége METBAEY apé ithenchi. oe@ﬁémpiaung/rease the

d d t
00 AU SO0 1. e

Vi ew

ngéadnﬁyflxb‘g‘l% TSPEBP%NIQHOY@@HtﬁfROéFIbé@ ng read. May be
acconplished by only executing the first step 405 of

flhure 4CREWD HITHaWR ITHe- BAOKs @rdinagt seaal bpera’uon according to

S R B SR TR Ui G
aﬂBl Teaetan tb@ldﬁ{fa destvaehiv dly rbadsiurntgﬂ:)plﬁ)datmn bf ghws €irst active
4@01t§?8 SRlsd rtg@g%ié?éj(lhtﬂgfet %oﬁﬂg rlte{séé e%{ll%é l{% I\g?lgégaf:lé pulse that

dat a rase at each a cel
t F @érﬁ@cbcﬂd@kcw@ bl & repaesont tERasme biRREy SEMe as before

Stk s@lti N oisE k@ shoul d be erased from nenory, but
not need to be Pead. May be acconplished by only

pﬁr)f Of M RYRITE. Ordinary write according to figure 4b, generically
described from an active pulse application point of view by figure 4a. Any
stored logic value prior to this operation will be destroyed during application
of the first active voltage pulse that sets each addressed cell to the same
polarization state. The second voltage pulse then optionally switches the
polarization state for selected addressed cells such that the cells addressed by

the operation have been brought to correspond to the binary value as defined
by the write operation.

IIT) READ WITH WRITE-DIFFERENT. Situation where data are read
during application of the first active voltage pulse, like in the first step 405 in
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the first step 403 of figure 4b that sets all
addressed cells to one and the sane pol arization

war@smesoeeeneri cal |y described froman active peCEN02004/000361

application point of view by fiigst step 401 in figure
4a. The result is that data are erased and that each
addressed cell is set to the sane polarization state.

\/flguW&'EOTKEIP&EaSBEﬁ'n thé r@zﬁi Hstapaxewwnu@hwoh&%&:eme fike in the

t ot t t
oo s AP EyReTB, BRI FP il fSernog,are
Veombinel fioesé biperatidrh @mm@&l?t ;iescriﬁatdfﬁﬂom an agnivne %ulse

B t . . I gure on any sucC

e%égﬁié%??o&BS@e%ﬁgﬁfaBZ? $%8er bed Trom a pul ve

appl i cation point of view by second step 402 in figure
48Y) provilida ) RNGHd Seation, whete detarngesdsnetdre storpdiany longer
a&ﬁePB@ﬂ@eﬁeaﬁoMﬁebé'aE@bnﬁ‘PﬂsﬁE&Wé gﬁe%ie%hﬁn BheYirst step 405 of

t houg h any t he described speci era vari ants
| Higush ﬁaaV b@ﬁ‘?rf’élét iBg celld ARdoeete slraddrasy swone and the

aéaihé b@lhﬁ@atidiﬁsﬁ'téjl (Hélﬁé’rléeﬁ?;d daétshwtd FioneRArARtive@NSulse
r 0 selec

I-11 IS up to use

aﬁmlbﬁﬂ% Bowafa\tlﬁwewf shefenh flgarqﬁarﬂa%ﬁfafrom reading

rtaqteedatacﬂ@aﬁe@ultﬁrs Qfl@tf d&d ie rﬁ@@wm@m shafeachardireseid! cell is set to
entlon e presented in flow chart figures

latatiin sral

eS@Ini‘%PO I‘Hatlﬁqﬁﬁq ly correspond to the operation

var| ants that are generically described by figure 4a,

V. var ERASE L PRESSHE. Situmionpwhsrofetagiqudits erased from

'%glrr]n\@rg Bht %ﬁ?ﬁééd to Y)@%Q@tlglaly B4 aé&ﬁhpflgﬁéﬂ PV cglly performing

IS presented I'n a T1gu

d@@c&l’%ééﬁ]@sé@%p& fegurei4b thed sstneld edgressedgellexo ane nd the same
1818268 n Ratkh @efnleﬁ‘@aﬂg}adets cﬁ'B@ dtf?o GV E Pﬁwég%}ﬂlcatlon

oeratlon variants, i r@%OIW’B

deiig Of Vet e D slesiep 03 dm ﬂgm <The eesul igthag data are erased

férﬂ:l»'f}ﬁht QadRthddedscadibll & Jo1%H RS @Qnﬂ%@laﬁ%ﬁﬁon's%at%o
dentify any occurrence of the above ‘descri bed

o‘{Z@aE.Vi'ni’VmFeg?eﬁB% SET AP hRE praftOpdl bR Basn petfo one and
vthletsages ppldrsasionTdiate, like {bri xangaseftatan opérsion according to
PRSI V1 BEPalSE i DAL BEL B v
mesdtsmelbéoélczfaﬁigma 4z oni Frivesidmpradsett daiks. Generically described

’A%Bﬁ’{ Q%&L’lé’eeégﬂl?er 1 éfgo %%g\gfgg{ %‘fﬁef&{djgkﬁmﬁ in figure 4a,

|ng easi ng
txmowe@al &dyespalrsady wontaine cp}legbm@m pPne-set to the first

eﬁmgﬁbgﬁg?%t(ﬁbscussed in the following. The flow chart

figures o e preferred enbodi nents may be conpared
th vi ousl.y, di SCUSs e 4a_ that sho
dovist Prdtahonny Rl Yid gBSCIabes apselrl Spedutogrvaais L VI may be
agrentdd and nBelchugel atvhﬂaBIeeﬁﬁa(ﬂdllLon%ZthlerbrﬁhWeéa amywrite
boperaHons I-1I, 1t is up to the user to select and apply appropriate operations
to be able to gain any data rate increase.

Preferred embodiments of the present invention that will be presented in flow
chart figures hereafter will primarily correspond to the operation variants that
are generically described by figure 4a, i.e. variants I-IIl above. Other
possible variants III-VI, or specific variants I-VI that result in changes to
what is presented in a figure, will be described separately in the
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as parts in preferred enbodi nents of the present
i nvention. By studying the intervals exenplified in

wo 2@ans06¥7 it is reveal ed that consecutive opePEL/NORE4/000361

addressi ng the sanme segnent arejene factor that
negati vely affects the data rate. Figure 10
illustrates a first enbodi nent of the nethod according

t Oaddwnpmﬂngltemt thht rafechncesoctho feewntohaet anlditeslse borresponding
in the .sane s directing data addressed by an

op PSR ‘f%wgﬁ&h%r gment. Figure 10 in particul ar

shows a |) READ WTH WRI TE- BACK and a |11) READ WT

WHDTE- emubmhmurrc thpedealsorith vhe pdentied m@rY@Sfacger@ng to figure 9

10nd fhéttb‘%lnflitﬁ $herohs &%Jra@e i rtétld&li'ﬂg;’s a o@&‘i‘fr@ﬁ@e 'o? the above

retrieved that orresp ond tQ t he ad girven y
op&rsATibeA. m’teréfaf ug@g¢ Qadurmw&%,sand htetth@|cr0c¢\ﬂ,§loals increase the

St@meliave @Eﬁivé‘e&éﬁﬁh@@ Molfakes Paldds! ff‘hl@’%biﬂ& #hcrease data rates
addr ess %[V‘illlm‘l(ﬁsme to a first actjve volta pul, se

of CHBPAFS e Whefer lerae enQugh 1isTvala dre Waks jpserted by
StMaﬁﬁ5%)uY\ﬁﬁédP1h1f§tlfe Hdcifiddnsssaribe eldsly MdMiis@diferun-time.
ri i on, Sta rre n eV|ous
P oAty 4 oot Spite JRHS R toR b1 ideh R g Al and
10(£b&otrﬂmg1yf1ﬁmras ineetpstwiclda dltapte plhilyes odll Belgr@sated in
and hhg | o |c(§ iih renpve and after this a
setBha ?/ng F("éﬁ?&fiég ?§ Hevih&ved in step 1004,
poi nting to anot her physical address available in
anbl Elove eharinfi guteaseaf %ﬁ tgprad embeslimendd magtbe pempared to the
gg?i‘é(}ijom%ﬂlé:ﬁi @8@ g%?ré 4asth§%'$\;(11 Eea éﬂ%r?c[ Flo%@&h%‘%tdf‘éﬁ ordinary

age P | se 0 arl dresse
cenerclé QrovElke OﬁﬁP?élq}bI]%@ﬂlz%ﬁ ﬁ‘h@rst@p%flelMO% ar Aegpert mgy be found
t Oyt Dt PTEY O srMBEhbORRHAls T thE S%%@Eél{t' lﬁ%hﬂenst ate.

After this the second vol tage pul is applied in step

sdr s s Pk 168 SRR A G R o TR TR . T iscieptag that

armbrisasttiye iopesdteqnsl&ddreasingfthe snoe s@mcletaaledoﬂmfaMGnthat

Speg%?%%gsﬁg?f&égg gal yaddress now containing the data

e operatl on and the | ogical address.

The descri bed enbodi nent entails a_ _change of physic
addguseds i @@Bﬁtqsh@aiﬁf%‘?mg%%%t ahithe Matkod ageprding to the

opakshtien thhengrek Q@ﬁbdt:éiﬁnfd ?d[ﬂﬂeﬁﬁn '1&13&16@3‘1&% §@ément by
ress i e o anot her second physi
(fﬂrgggng aré’n%@%@%%cgéﬁéﬁtom?% 1%tt%|aﬁ0§6"€q§f£ﬂ%ent Figure 10 in
aﬁ*h\éﬂla& s%tvv\ﬁ@m mmtmrm WR{TE-BACGK Sed® !l]II) KE‘RD WITH

oA AN S S SATRLLE o st s

sel (it & fiyst paysiegheddress ihrdthievea mH@tS&oﬁesiﬁbrﬁisﬂ@ethbaﬁidress

\ljggel?/gﬁz) atscg‘[?erraﬁloﬂcle eI ﬁ\lsétlosglijcbdl dtd%edsst MmN fgﬁows a step 1002
wherein each cell at the first physical address are subjected to a first active
voltage pulse of polarity A, cf. figure 4a, step 401 and figure 4c, step 405,
which sets all addressed cells to the same polarization state A, corresponding
to the previously mentioned first polarization state. In a next step 1003 the
reference between the first physical address and the logical address are
removed and after this a second physical address is retrieved in step 1004,
pointing to another physical address available in another segment; then in
step 1005 each cell at the second physical address is subjected to a first
active voltage pulse of polarity A, which sets all addressed cells to the same

polarization state A, corresponding to the previous mentioned first
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Wth reference to figure 10 now fol | ows descriptions
of other operation variants supported within the

weewsgsweent : 1) WRITE. I n case the operati on PGI/A02004/000361

ordinary wite operation, the fijgrst two steps 1002 may
be bypassed since no data need to be read. 1V) or V)
READ ONCE or ERASE / PRE-SET. For these types of

oggfg‘i‘fz?aﬁr(‘)nVﬁﬁie@ A fePHiy thé Qeédﬂcﬁ‘&oltﬁ\%%phﬂésis]@ﬁ)liedlﬁﬂﬂep 1006
need to, be execut.ed. VII}@X\RIh;I'E T0 - SET. IP case :
P Eh s S o ts aspetgioh ] Bolaragngsials i edetermined by
ggg{ 8?@%&0&1[1 ahdhavey !ih?@_fbpSD@ID?_agFﬁerencé e ctodtedbetyeen the

atjon varjants, it isS possi t t-hi :
ofiond B st esn bayyr ebattngdbe 1 Shr @bl vy fjg operation.
| Rl kS 16glak] afdérdsmi I t-in "intelligence" that may be
used, e.g. a decision algorithmor simlar, when

gett] . \ .
R R R G @af?}?{stﬁlﬁm%ﬁ? such that
t bott éwarnpludatagn & Fasl opriptionshanges dpeation from the frst physical
aH&ﬁﬁQggﬁ‘:@aelt s%%‘nﬁcgﬂti t?geﬁfo%ﬁér sddondNSfsdicd1nirBs P another

reca 1 add I [ .
hacgmant.&i0 QB SRR INF A DD SRRV RS 18 tpRgame
.‘:t@é%nggﬁ%‘gﬁﬁ RefedibtsSHEhysdar asdreadstt ia Sh@redEmeneniestep 1004

I ard f th f is. )
v ahoulk e 6Yelgth BY ORISR Ay HFIECUBE fhAscthent with the

99&3%%’1:‘%&@ kihcel Tast Bésd, Atahtidrainy@ldsanuibjwted thahexsive voltage
IS ed, the steps to be perfornmed are the first step

1084s€and then the sixth step 1006. The latter should
be perfor med on the first physical address instead of |
t Wéithaeferdnphysifigire ddinewsfodlover dessaintipnshel pthyiraperation

Part. ] I t.0f : od according to the
| \a}%ﬁ%‘gl{so%tﬂg)soqp%%?g}sl rgtﬂelg eﬂ]ﬁ}ﬁlgurg' 10 and desgri bed

abgve may identified as sonething co nly k .
MiBhory acdi BLS End snng e BB A PTORABL e Ths]ition, the
t gir6PRRS Gtert 10WI ,CHI0RadiEssbyassedisysicnd dita need to be read.
Figure 1la explains the general concept of nenory

23% 205 zvg’;:%ﬁ @E)t W@o{é l?ﬁ‘AtSﬁ?/ PRIZSTAF {Forl{Hesk 3gh&RbS operation

' _ 0 Ion in an_address mappi hg
t alakienwhonly tenfisstris ot stepphPoil caP0Aasedde bamprsruted:
turn points to the data in the main nenory. The nenory

fg«gmg%nge ‘K.?‘?T@;’SOSE?E??E?- {Iﬁ dg@@ﬂﬁgﬂcal bitdiesabs jo pos-set cells
e AT L S0 B G AE B  g5) operation
adiRs$s, Te P Ogsib Rbtep efonmythissoparasibadn sueh anstddaesh directly.
R
Lgdricisg%??i%gﬁtﬂr?roaﬁtMilamh wheapmttng amecosdmhysical address in
B Ao P 6 TR SERA 1o BBy o ot
meBRrer, ofathid sferation to select an appropriate logical address. It should
though be recalled that a logical address typically does not have an evident
relationship to a segment, as is the case between a physical address and a
segment. Hence it may be hard for the issuer of this operation variant to
avoid addressing the same segment consecutively. If this operation variant
nevertheless is used, the steps to be performed are the first step 1001 and
then the sixth step 1006. The latter should be performed on the first physical
address instead of the second physical address as stated in the figure.
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of losing data is introduced despite the
non-volatility of the main nenory, for exanple if a

w@owsiosfeal | ure erases the address mappi ng tabl BCT/NO2004/000361

content. A solution to this isifo store information in
the main non-vol atile nenory such that the address

mappi ng table may be reconstructed after for exanple a
PRy roff thiel amBodim@itr&f fhiebmetodsacoirdmn gatcstﬂwinmtlon as

LIS 1 095 RNE 5t B e AP e Sbmerning
It ﬂ(blﬁlﬂfbtﬂyd(ndm as d’meanogga«bdn‘ess wirprtingavehichds @aweH-known
B dfe gph i A FodiRhl RIUEEEL | MRl R6T R,

By e TR el S RS ol ping kv

Afl’o%g tlléé;EhBQ akheradygssl z{fﬁﬁﬁbsﬂﬁoﬁﬁ@ k& a 18cieBh dArameEddress

aHADREBS A e Wlwigl tr%%a%r% &%éﬁgrég%%h\ﬁﬁ@ ﬁﬁa\\(usf'ncp%mts to the

AR REGh8ESmeaRstiyn srhfehﬁemtr c@@tant@gqtmmdxmtmamng table
| ogi cal _.address. An exanpl e re rrln to. .the

etoa@isA bt nasthe $a1ee mEmaTY A4S £§ Py His Bhytigal addresses in
Sty a’t’&&regi niefﬁlhg’@akﬂ@ W%ﬂﬁsth%dd}esmm aablegnemory is
ake place.in connecti.0 at i
Tt ReicnppRefieh vorme Todat St danfe nidle
eh@ﬁﬂiﬁ&e@énsﬁmﬂagemfr%zadd@ﬁ tlonath n@ﬂh‘m grptre‘m‘nts it from being
cpnn ion W th e addr e
ARl P A stbithet B B BRE RonardiRble ARG &S Dl gremory.
CBIW@I@ of tha addresssmappmag kablahs d:dmakbdamn sae\tqlatlle memory, a risk

glcsgtgg Sdg }s ggroac}ucegocgsg?t%l tlth% n (Jgﬁatﬁ%froefst%%ng{}gmemory,

to a grven-’polariza
sf@lt examplenfenpowsefailiredéraacethe addreshenapping yablel ¢antent. A

COOR AL TP 0 Doy AEEOhE Py pepory uch

sthgtehe addt@ssanappmgv‘@bw.)mea/glee pedanstcted sftaylfer example a

ngWe'rtﬁ{ﬂu Eych as for exanple after the first active
vol'tagé pulse in an operation which sets all cells at

t he address to the sanme polarization state, like in

fFQgUi:% ﬁwm&i‘tfa%s 5*&%&&&6&%&&8&1 {He ol 1%%1d4@ss #bstBfed at the

bi nary UC that for
eRbypical address illm he grean npel@ognéat gelnl 8 fapghis purpose introduced

' nf‘HeQ@td%%a eﬁb?a ckaf ﬁaﬂl‘é ﬁlhf‘ca‘?&y &g ahe %:;g_(‘)?ﬁ% introduced to

|t|ona Information in e address
namw :dgselamlﬁe mey-ORdinary ddfiae Ht Hiis siase Be Jsuirass zﬂlq gontent of

oﬁré hetRidats %ﬁl@ﬁ'ﬂl%u?d; nbhhbiﬁﬁzrb%t @hWarbnt Hed nbk QléiBIe to a user

ari zation

re 12. 1n casg, of

PO Pl M aaduftr [RE £h SHieast SHRTTHBEdabSs AR iaFtoct table

t Bgn I%Gblﬁﬁtu}?B |s$e;§}51nghﬁr@@ﬁtlf@ﬂ)h?ﬁ@él%ﬁr@ﬁ@soéf the main
pol ar i zat’éﬁ? %he A .or. not. Sin ther g%cal y_gne

ORI otaRA pf eachPhiieal MER S AddtgtpEcading the meth-datd region to
get the logical address. An example referring to the embodiment as
illustrated in figure 10, here the storage of the logical address in the
meta-data region would take place in connection with application of the
second voltage pulse in step 1006.

Figure 12 presents the example of storage of additional information in

connection with the physical memory addresses in an address mapping table.
The additional information may consists of a ‘pre-set’ mark, which when set,
indicates that the memory cells at the corresponding physical address are pre-
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possible, pre-set cells that are not in the first
pol ari zation state A, have to be in the second

W@oltasewar i on state B. Another possible field BET/NO2004/000361
addi tional information is a seggent reference that '
identifies the segnent to which the physical address
bel ongs; hovvever it should be noted that in sone

Ca188 4 fR f‘ﬂzaﬁ@ﬁ%‘ta@t@(‘c& miienb@nsefpinchcaﬂey that the memory
[ ncorpo ate t he

Fobenainor e S s RRTER B byl e ro-set after
ré‘a&ﬂﬁ&l‘l\ﬁa@ ted AdEARH Ha@ﬂ@encmﬂ)g @cstpd ndsant acteveceoltagmpulse of a

If it i.s passib
pﬁygf%aplagbtar suclh gg ﬁx?lﬁgie ?12[ F}E{teéjcgfx}ce ?1ta%e pulse in an
pepeéaltidn Whm:lﬂsaattsla@hsdilmatﬂm dddrasy tothehexadgolamration state,

tﬁ§5 S guette 7 8Fiek s FREYERdndRAUES S b o AETERC Yore-set
| geirkichyy bedrinatyssudhf tha donbramphe as &g irdicatesficessd é:ells and a
Ing%ldnt%é %?% Pécrllg%gf AR 5 3 2 n%}%%%ﬁse?ddrgg %ﬂ‘b%ﬂer REp&18f additional

1 on a consum
i hffornmatioaninothetdvelressymeppingtahle rﬁl@@’ begacingdicatos gngpe

: E%}agijzda;t{woaogﬂhé %ﬁéﬁélﬁr‘aé ﬂ],tfst&%t@@ rift ﬁléﬁﬁ@'—é’kﬂ polarlzatmn A

cells
f mrarken fegpes] 2. eTail ¢asie o, pl'ﬁhfée'frﬁ@ﬂlﬁoﬂlléfadﬂhféomﬂ\ﬁ@ﬁ?ﬂﬁﬁtlon

”rgchgg%@tﬁﬂ et ¢h m';J) sEPcél'Pse?f ﬂLe;;\S/ hRTOAd TRBEs &f of polarization

ove € to be _able t ?
P etats éver pnys$mar: thdltﬁr Gpicalli BrenBRstTY diffeent aplagpation states

ngggﬁﬁfeeaarg' éél? ﬁ ghﬁ‘tea&pngftaih' 108 1R b%%ﬁikﬁldlh@tate A, have to be

t
r af @lnfe seeand polsr \(/)glesgo atenBsA npg}pft:r? p,(ggestil%]:grfgglgg €@$3%10na1
mmoﬁﬁ atidPista ké%th%f RAUESte thhidentifhaoiReghadilted which the

cohysicel adfEisdeleRes. hRIr s S THRNE GeiTigaBe 50 gome cases the
Sggﬁ'ﬂ%ﬁlt %@fe'r:h%ér ﬁla%fsod irhﬁﬁbiftgi ﬁﬁ:o@p@@@é@ i tlenphysical address

nt t t f
e Sa ety o S Ml wheren
| dagh 'rﬁhgé‘%b%sﬁén&shﬁb seepRM segmehhdf 1’alsfp@<_lscdblert0rﬂméect or

of reseésﬁg% gsdﬁrﬁgﬁi‘%ﬁﬁhg?{ %e co ectgg% 50800 or

t
;‘\Ef&@iﬂo&sﬁiﬂ tirdinass els hienadadiched efgpmentatmm oﬁdu; §h§§ga1 address
ovaf it e sketonk v Tl Eiehgof ARV e AR Epy to identify
C%bgﬁqeﬁm IlfraﬁadS&hen ¢hé sagimientssefcycpm::aﬂsllychsieldhm Tsh&rmhysmal
ﬁ%ﬁbggss eL¢ gv@el?eoggltqe%gggiggé%eea ?1'09?1? ﬁﬁ& %élﬁgr}'; IE!ﬁnsumlng
nHMfc&ﬂn’&ahche oa the ekgnieni mefsremge. c&pdcaﬁc u§eg1féhﬁ add@@@l@,al

nt ai n th f " 9
ndnfesifed i B et TR e B0, {fhaldd T Bncept “pre-set
actel e witll beafertier seposateddpdpwed to any cell in the
segnment. The tinmestanp is typically a snapshot of an

abspl HiBhod of the invention implemented according to the first embodiment
as presented above, must not only have to be able to retrieve physical address
references for the logical addresses given by the operation addressing the
memory, but also have to be able to retrieve address references to other
segments. For this purpose yet another table is introduced, viz. a “segment
table” which for segment contains information on pre-set cells or pre-set cell

addresses pertaining to said segment.
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cl ock val ue obtained fromthe clock of the device
enpl oyi ng the segnent table. By reason of conveni ence,

wo b@sosweest anp wil | typically be updated ever yPCT/ND2@ay00361

physi cal address entry is retrieyed from or added to
the segnent table. Another field that may be connect ed
to each segnent entry in the segnent table is a 'l ock

" iEbre I3 instih b bopmenPlau 1 o dGfien! Bb%. ARGty is
ddestificdnvy pesgrint Heferaage, for :eétﬂmrée @wwembler or any other
V"ﬁ'd%{‘ltlgféﬁ'tloﬁ Mﬁts%%élﬁt ﬁ(ﬁh?! 1) FRIE ‘RHbRr Qﬁ'}if)rgfset cell

he se st at F I}H
afdéiryss&%ic Rahhe opape@s@airﬁﬂ tbeasegmmtrxa Qfﬁfl%%» rgleiging to the

rTBﬁLl"l’nbbr 8f p@e-k@@hﬁﬁ‘n@ﬂ}ﬁééﬂ 208reds 8P %@' sle%%é:htsi?@”@@&resses
and. a " “indi cat gs an unset an_avai |

r .
se‘ﬁhﬁ?ﬁ all mgiory gells pge Retsioaene aﬂéﬂke HROi I%Fé@néagpﬁﬁlt%te Note

anfiaf &4 guilbdhofYPrecdetaells Qbe@?ﬁ@-%ét b@ll%d@l&i@“\}y@{i@aﬁlyﬂﬁ the same
ck state

dd Both the 't t
oA VPR etk i sy DBRET e eIhin g SRE SHRIP G dficset cell
r Qafcﬁiremtb%ldﬁﬁéaic}h by Ihb@t th@géfﬁﬂi zlilabltﬁg 4 il @ ?ﬁlefsttﬂhbeff last
associ ated a ca regses to al
ot iR ss pRbistEr e R e oSS TR i oy address in
ia t$1|en§(§: a:]enmayamc%agsé@,el aobdnecsan rmnmengalt@el pulseamts apphed to

| Ste
s Rl TS e ROt P Hitssab il (el o RibhP BE g absolute
A cloek kvahse gbteened drdarhehe icterleofi the dediceerbploying the segment
Al , . :
¢ OPBIE S Bnssb O Com TR ePaR B RSB WY HERRA B wpdated
MegpETR dithe bing, playssed reelressadritey payetbievpl doe, on addeddo the

Vosl, éne[ %nét‘ﬂe i d%ﬁ%a&r% oq{nec?ec‘ci 1o (Elbg §‘ment entry in
gl 1ol Hp i Do ERAR PSP FEeing

orien COI’]SG uen
alté\o segeenttdable nseastlor:bd;tatn mb fhémrt lexsatcpilh@ ‘éock state mark

u?ﬁ(’@?czefftﬁég k%ghegggﬁ'tén% %e(l)(?ﬁrr%:di %rﬁ#g{béﬁﬂfaﬁl&fl mﬂre 5 dentrles neither

WQWP@ reabpeeduiie dfed swhich aplies dent nor acimée gelfpgapulse may
r i S?%Hedi %é&gé §9%x§¥n§tﬂ%°‘1691<%E‘e[teuﬁ{hrkr}ﬁaj7‘%?cfmaﬁﬂ§uch that for

r each ress contal ni n% re-set
sorampleR whi swlicaiepasst Brasksi-ace lagked slate apd agnon-available

pr&(gﬁ?éntc &hdl aafé)d rlﬁﬁ&a@éﬁaﬂ AnfetShAtt §. LU PAYABBI8Regment. Thus,
st a hereby identifiahle. Wien sel ecti ng

addeedeck ﬁtaé%ollnﬁé]ﬁ P§@@ﬁi€ﬁta sigple @Pdéﬁﬁ%ﬂhe% qf; quP*W‘éng access to

f ouEIVEnSheRs 1&910é'ddr%s§ ']%'t'heth%f‘titnli‘@stﬁﬂnﬁ)stan@nﬂh@?'l@afllktaté’tmark will
re-se ce

ISC S|dere tae S to,use
adRfy Bagherex %@ﬂ@ﬁf” rwa@hesqgm@asr@ Fenes satyy ipgthe segment

S'tﬁBFe st is dhithet gskdcdatan adedtive of phlysizal pdtisdses to all pre-set
pre-set .cell addres

a.reference to such a
e b ABaBin < Hi e Sas o Rt SR b LA Wehgs gt the address
quappinthebet neddhelisied physioab atddresanhl beslimi &t tvith ddditional
n1nfo1rmat1on like for example a ‘pre-set polarization A’ mark as given in the
figure 13, and to be interpreted in the same way as previously described for

the address mapping table.

Similar to the address mapping table, a segment table may be placed in a fast
volatile RAM or in some other type of fast, perhaps more hardware-oriented
memory, and consequently it may also need to be restored in case of for
example a power failure. This is either taken care of by utilizing additional
information stored in the address mapping table which first is restored, or the
segment table is restored by stepping through the memory and register each
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active pulse is placed last in the queue. In this way
a reference to the segnent with the | ongest el apsed

w0 2008/08068Te | ast subjected to an active pul se BET/NOR@4/000361

avai l able first in the queue angomay be retrieved
t herefrom when appropriate. Figure 14 illustrates a
segnent table used as queue: An operation may address

? é&ﬂ%&&&o?&@%&- é’ceégh){gbgbﬁ%%ﬁlin \;/chfl'n]hit% 6}558%%1% $if@ all cells at

he segnen j ect 0 an actfPve voltage pul se
aralprareeietsi] pdeess drasn 4 singleepalasizetionstaieoamethereby
Sifd‘éﬂﬁh&%l . segnent reference may be retrieved from
he head of the queue and subjected to an active pul se

th ft I d | i th ] )

o e a g oR e B ind et SERt G DR xemmigas in the
S efpue fh‘h st@plt IdO(BltSiﬂt ﬁghh;e leeﬁnﬂhetftiﬂsabhﬁ)tcaitimemit,ck ib fctenoi?ﬂered
Wt the o es | Sta or SOort. e segne .
Ui e i P bRt fen RS inaRg SRERTE ith dhe longest
orelapeed timessiacpdastnailyjbeted tetan antevcavekgge pulse. Obtaining a

f f fi t i i It
S FGNEE AP LR APl R PR A ABIIFRIY A e
segpgamdntwable adhe quengestheetiaphedegimmmt snostarecastly subjected to an

9 : . .

ST IRY E-EPRL Pt L0 IS APt e
stddgmdrg vs;ithd.heilongewféapsetchénjecﬂigjesﬂasﬁisnbﬁcstedubo an active pulse
suf i1 9eRkai \9#@ UG R @é&%ﬂ@ﬁ@ff&ﬁ%@%ﬂ&ﬁgreﬁ&ﬁ when
t1 nest anp o as segnen access Yy e conpare to

t eppoapriets. time, typically a snapshot of a clock
value, and in case the difference is less than a

pregetrend iledinaedue segmaat eableaad akquuiche: dirf bpeenon may

may. be inposed. However, t.he, conparison jitself

eSS ARREt PTG SR DrRS GRCR o they Gy Bkt the sogment

r eismmb@ag?ed Sg gt dutihae Vdﬂhﬁgmpulsfbamlaﬂieirew pidoed last in the queue.

undesi r e. during execution of an operation. T9 avqid
B8 St ROt TP nah TREPE 2y IE Vg Hhoftf Bif head of

i stherqeoeethd hijectedsto an petied pelscammt] trerbefteepiaced last in the

ex(ﬁ%el{lti on of operations, 21 wherein the tinestanps

si At ast segnent access are nonitored and the 'l ock

stgte‘ mar k bei ng unset in case the conparison with ..
praBedierpptire e dhe gueys maybe f coRE 2B 1GARRPRIEHREgMeNt entries in

valhdae ghitat 1eXReat pidk @ResRs Winethevalldest tiftdstarRb, or to sort the
course i np 1es that. a ''lock state' mark in the sgng{TgHt

t a1ENGTY tBBlengnisiss iteAcHcRding AY 28 FRMRGREAET bR the

exiiek RNy in dl Bl rétdicvba saanetiref@lnee FHé®r first or last location in

appl i ca%]lﬁon of a(g active \f)‘fl tage pul se during

exXSEFCF NS SUHCH PP RCABIRO!® gure shows an enbodi ment

of the nmethod according to the present invention that .

coiven tisough seefaragcoto thosdgmentt withntheldonpgasteelapsed time since

el @RS &fdressed may be obtained, for example by using the segment table as a
queue as described above, there may still be situations where the longest time
is not sufficient. When such a situation is encountered, the timestamp of last
segment access may be compared to the current time, typically a snapshot of
a clock value, and in case the difference is less than a predetermined value, a
delay equal to the difference may be imposed. However, the comparison
itself may require a non-trifling amount of time or system resources,
something that may be particularly undesirable during execution of an
operation. To avoid comparison during execution of an operation, a method

is proposed that runs in parallel and/or between execution of operations,
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time since segnent accesses. In step 1501 of fig. 15,
the first segnent entry of the segnent table is read

wapasobwsa7 it i s checked if the iock state' marRCT/NO2@i/000361

in fig. 1502. If that is not thg case, the next
segnent entry is read in step 1 55 and the check is
repeated |f the "l ock state' mark is set, a step 1503

f %hera ﬁh&aﬁ@ ﬁé@g&sft% gaeﬁrrgoééb% 4 bffﬁéﬁﬁﬁféd $nd the ‘lock

conpare INn Ca ence excee
predate’ érlaﬁ beingnpet i gase ﬂéfcRO@PaﬂéOﬁfaW PéPSftH’fetlme results in a

E?ﬁ%ng@béﬁvééh t'Hbsﬁalu'e:B t%&te&(csje'égda %éﬁeﬂrﬂﬁieﬂeﬁlue This of

n s r in ste e ere

be‘i%@éﬁ 17{5‘@59§é ﬁi“a'% ? E@’C&ﬁar% énarglq ’r?’e@’reaﬁﬁgl%@mi i3 Ie 1s being set when

S egiPRBin3Che s gnishtf Mdﬂi‘pl%ﬁ@ﬁeﬁ%@ﬁatlﬁgrtﬁb sexaraditille after
redeter ned .val u t he ck, state” mark.shoul d

t he

oipRlis Ao ! an aetidad Aigeranss St X GREIOP §&an operation.
directly read in step 1505. After all the segnent

enIF igues 1bastovheean eoyridteantodithh methe dmesoedimgetol ghe present

St @Sf‘@&@g?aﬁﬂ?t E&%{Jﬂl j\tl;r)l %egcﬁs gtf ‘?Qéﬁ-\éﬁ te’ fr?aé}Es %%@é@ o'nnelapsed

15@121e siBOB segipcBtaptassan-lacientisng, Oﬂaﬂg éﬁnth@ ﬁrstlsegment entry
Stﬁ %ﬁ:ﬁ%ﬁbf@ 'ﬁéaﬁsan‘?if thehit 3¢ Eﬁeccl{e@lftih% EP(?& state’ mark is

t1 nmest he segmen e,
exsaiph digsl 302. Jirh%ttlédlqtﬁhf: iCH8Ps ethweXtt ﬁégmﬁ@t En&aKis tiead in step

SUERS; 2RrE %lgje +RES 'i'@i/eﬁéé%éd bt Qﬁe pﬁfc‘l&ﬁgﬂ’e@' rﬁ‘ér# it Btep 1503

time 1n a device inplement’ing the
unfC%hW%Wék@é@@r@ed&ﬁS% félalrerarnéhﬂwtlmﬁﬁmﬂs compared and in case

sigei difeaBhcs @ﬁc?éiad@ecﬂﬁfédétéﬂm%@ﬂl HIGE, DR ‘\N)élb seitd mark’ of the
read and write operations_that are art of the regqul ar

op RS PIEFY t%ﬂ%ﬁé\mééep AgBif r%rhewe&twegw gntry 1s read in

praegdyns. Qﬁﬂl@@lﬂﬂ&%ﬁ@é mﬂwgéﬂ :pB&elnfﬂ ligné biE tﬁ@f‘h?ﬁb?stamp of last
se

optional Iy coaqrdi Wit h ocation of e-
ek S AR Siebr Sk ksReaBle Thicprsgetermined
Ce*ifdlael mesﬁbek:;s@desﬁﬁiﬁfk@h%uld hot Ee m@gr dﬁsteldd the nfext segment
nta us,.al so,to t he,addr ess |st fo
BeS 280 0l S M ger SURC Eitnsnt Uylrief lgve been
e?fdlé@tbﬁug(h? lthe pesteRitsess kasdated ahﬁehaddSESe‘grheﬁt entry is read
addresses, fr.om fi rst

" Rsif o SEop (el Rifr DO (VPSP PR PSR B3 1502, 1503 may
Nod eipth amﬂcbhwrﬁlmgtbmrﬂmcb aéhtclas:tatnr’dnagx t}qnf:algyr e ofhe size of
orte Bt FHE P M taBBp Y saRiRab 2R, ERP EpaBle as
pr@hﬂtmmd om figlure ﬂé tleativo @heeks sostpki If2u1i5OB may easily be

ne FLMELY a4 eﬁ{‘ret HH%, 313}1 iAbYer® ﬁ‘é‘?ﬂeﬁﬁetﬂod Thus, the
i ontfe e YR o Pas

S es
| nuestt gmqacﬂgm hen |bretcarmatisnaswﬁhes’emga wantfsmdqoeglalty in

f I
| BBebh ) A0 SR CBGERHLA i3k BEE e repe
aneparhtiontdfetheideviies. Additinmadlyy, she anesatsvrom@mmael be performed
be&dﬁﬁg 18 R }56@15&? opfidnally coordinated with relocation of pre-set

cells among segments or with creation of new pre-set cells in selected
segments.

It is considered advantageous also to implement the address lists for each
segment as queues, i.e. for each segment putting new pre-set cell addresses
last in the address list and retrieving and removing addresses from first
location in the address list for each segment.
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segnent, i.e. not necessarily only consecutive
operations in the sane segnent. Since the first

w@oeloanswati on state is predefined, it may as wedT/ND2004/000361

pre-set, i.e. the cells involveshin an operation may
be set to the first polarization state before
execution of the operation. It will now be disclosed

it H\I@%ﬁé’ AL $itr§m§f1lﬁbﬂi1%&@tt %dé?irgmﬁ%idaggygi Sl@ﬁigggﬁﬁgﬁee active
o such pre-set, cells 1. . :
rré%é%e% Fpaéfgl?s".%ﬁoeb? 619%15}%3 S%O%Qﬁémtl% bathe eass/of faged
PWpRestibowidh ppesirahtion odite read&AlRY %oﬁ&ghﬁfg Ahiyh h¥Batively
A B BT ek LRSS o A" sttin
y By anodsitigatiegibdi ity alf ad pesertdidogh figaes difasthed, #he found that
S TR 5 s o
Ec,taalkiethat :Ij)lqle hxramqfﬂ_r@f the dntgvh?;ﬁf@pgvatsébﬁﬁiﬁ%%l@ég n tloe same

i | )
P ETRRLL i n B S TR e STl Bpstaia fotn i sgme
wisegimenanS uwerthei forst pblayigasichilstiate tsapﬂeidetﬁilr;n:d, $t2mva% a8 well be
I MW, - ] | . an .
WRFETOR T Bt Rerr s 1 gy SPorer i sl i et G i
f ipglamzatéon statenbleéonerntretutionnef the epiintisn. Mawpll myw be disclosed
T 0 R UG 0 et
eﬁ%g)@ﬁhﬁén‘%itlsaddr@sm@ppiagf magqes;:ihpgsﬁh?e trldelisyebei ng
o EnRAEp Bt ERolGRE pISE ol e R BRSn TRRPLS B8Pt fse of only
dEWPO agttve ngagﬁ Bylseadpy anxprliargderdoperation With prgservation of

ampek FéPakk) . a delay in steps 1602, 1603 is
introduced if the first physical address belongs to

. . |
biieBATo PREEIL Ble R Rt dimehife 286 piBpdRgoriing to the
detegntime et tuilbeesdeldrassts wbtdelIsehpeate knowheodemieClgeen pre-set

B e ——
stypremboaimentyf Tduis embdokdiinedt stagpbd Geikizedab exi:%_liéveaiedgment
j wysi.cal [.S. 1 . 1604 cte .
¢ Sepdrabed pBRYE N ERaGBINIGR okfn WuRhel) QPRI RNF 21 in
spegicilar ahIQIWSSaSECR}_EéID SVIH WeR I9etnB ACKa Il aW[lHﬂ“fE anctl a III)
. i.r.st~
; g@@D Wiaed W;R@?ggb?ﬁFERE%I?gr eﬁé’ﬂlf?ﬂ.sTHg '?:trﬂlﬁ?cﬁgnegft iR figure 16

arization sta erea seghent e

t Helmplesnensnddising andddesss mepping tabie and a segBent table as
SR 25 Sy 5L 8 A RDLGRE o
herbodimend startsdaiticn finet physiealpddspenbeiagdiessved imatep 1601
PRGTHh ERé aﬁgﬁgs‘@%ﬁaﬁﬂih"g%aﬁi_é”%ﬁ/ehh(ﬁeflbé%aé RAYPEGALE the gperation;
address pow contains pre-sét cells, “and i ncreasing the
“Rekbdp dsel prith e preshpuslyrelsiasd injersals, TG 11 nighd T(P2-P1), a
delay in steps 1602, 1603 is introduced if the first physical address belongs to
the same segment as subjected to the optional second pulse in the preceding
operation. The size of the delay needs to be defined with respect to the
device implementing the method and will depend on architecture, memory
material, number of cells per segment etc. After the third step 1603 each cell
at the first physical address is in step 1604 subjected to a first active voltage
pulse of polarity A which sets all addressed cells to the same polarization
state. A corresponding to the previous mentioned first polarization state;

thereafter the segment entry of the first physical address is put last in the
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out to which segnent a specific physical address
bel ongs to, the segnent reference field in the address

wora@pionyst abl e may be used or the address wi | | POT/NO2004/000361

itself be part of a range thatpsdentifies the segment.
In the follow ng step 1606 a second physical address
for the optional second voltage pulse is retrieved

e%l%éﬂtetaﬁlé hes€ By BEUY dn&\llabbr@pn@t‘eamlf@hhetmn ¢s aptlated for
c

dd
r%qag%errfﬁmgﬂt‘éﬁmﬂwgeaﬁgﬁe iy Fn P RL il address as an
1&:{;,1 ﬁ&@sﬂéﬂﬁyﬁ@c&fﬂf&ﬁml%}@gma}lﬁldﬁ@essm@\pmanemnsqare -set
0] e re s e Lot
L o Sl bb B AR one. To o
I @@ @Swhidin geg:meﬁf y spaéuﬁESplaymmlobdthewbe]mlgsne; the segment

S{?&E{re@tgrﬁlfi@gﬁgg@i &Efd%ggsgl{ffap gr]gab% nllrr%? Pg%%gfi%r the address will
by $tself BebPBrtautth sqaymeothiat aalmuﬁnesatheasegmemts In ﬁhetfeﬂowmg step

t ﬂ@éa@g%ggﬁ?@@?ﬁﬁ afia 807 (hE o oRal YEEnd PR Else is
otfetneeed dtomdht fadtisegment emfyy orish apsavailabde pse-spt agdgddress

elbt]r% I:tffe %g%m%,ﬂ? t?ﬂg c@%lﬁg gﬁ&?%gg gi’lgl}?\l}\nﬁe Eﬁs‘ﬁi@%&%ﬁtﬂé}ﬁry in the

iy o ety siep, 1607ba Soeend ugliaas Pal ScepRjicship §3ch of the pre-
t%:grc%@ﬁreﬂtthg rsegén{i] ?)‘HKEFC%? Eﬂﬂf&st Sethi tﬁ%%‘l‘ﬁ L% (ﬂ'aﬁ%htlon states

€SS I nstea I rst yS|ca dress; %
nmlvrpmir@blwm redeentvgording @stheoowr@tuoag Ader this, is %he

g%r sét %2?}’5'?%3 ISE&S?‘P El’i%l‘éﬂi a@@l@s@%ﬁlt ¢RI RS segment table

s and I.n the segnent _tahl th
r elﬂelmem: stepol §4%and apermwtfednfmata% & PRERS oafthe Sgment

0%@& %?él@hbﬁenlﬂéﬁtﬁdi@g‘ie?n ﬂ%%;éb%‘éc%ﬁ Hysidalﬁddress and

ment : /| PRE 'li
FORCICRUBE g B eT g B RS oI AP oMy OB herf Arlagt step 1609

‘;ixn\ég tﬁiééél@% ﬂﬁs?%ddr%@g%%apkﬁgé taBle04 uplﬁ@éid shaupthcheg the first
V] n the update o pr.o
Pk ddsrosh vk astcd PR adliEsS ads (DR dopical address
Eﬁ*eln%)bﬁlelﬁ étafibn 1s. Iﬁ)wtrbﬁrﬁ@h@rtesﬁlevblelcbndqihybﬂ:am uiddress instead
t ment. tabl.e even though the address ont ain
rs‘léyhgl%ltaéfdrgsﬁ, 1CE [AJLGW é)&lé/lsbc(q '\1}%er| 00w gelates to the
16ﬁa§<ﬂﬁe§@ andahe dddi plydibal aditiess sonmmmprcs-eg‘maeﬂs and is
G S exlalnggffolloms: Cell's pre-set by these
stegy 1y % listed in the address napping

tabl e, the ot her pre-set cells are not., List cells .
pVéith @efetreneeh 6@ &l gyipe rl &t L oK folpmsrdescriptions %é%f??@ﬁ pperation

t?Qﬁﬁnﬁ%dﬁdﬂed@ﬂh‘i’n&ﬁﬁ@rﬁbe&rﬁaﬂt sonme, but not all,

set ce addresses 1 n the segnment table

QFBE)at R0 ARG 5 FIEASRY: FRERSEE, 57331 fosd Wkl difoperation

Opeil‘%htso(bml\yauhleaﬂmtss faecsteps 1§01 1602 51 @dodi(¥erit605l should be
WOou

i ﬁéecuteldsfn te H}logiat'eno Uh MBARRLE S RREAPNEB ML AEhSASRe st of

those steps 1605, nothing should be updated, i.e. the address will not be put
in the segment table even though the address contains pre-set cells after any
of these operation variants. The reason for not adding the address to the
segment table is explained as follows: Cells pre-set by these operation
variants are listed in the address mapping table, the other pre-set cells are
not. Listing cells pre-set by these operation variants in the segment table as
well, would result in that some, but not all, of the pre-set cell addresses in the
segment table would be listed in the address mapping table, which is a
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total nunber of pre-set cell addresses listed in the
segnment table since no other operation variant in this

werwsuswent results in a decrease. VI) WRI TE TECT/NO2004/000361

PRE- SET. This operation can andghoul d only be
executed on a | ogical address that has been pre-set by
use of a IV or V operation since any other pre-set

ceshhmtﬂdﬂﬂﬁfs $enot handies l%thImibméBfop%Yzﬁh@@kz'a%’laﬁfse?éBg)trdmg to this
hat wi |

ress; a fact
exp03| ‘?ggﬂ I}taﬁe‘?vo\s\lg(g ﬁfsé’l ]ieé}lﬁ afunwantes) ReRaReNt ixgeease of the
stterﬁ numbémof prd- setb@elbaddtaseeb Heredt inethiel sfe%fm@{te;able since no

o Bfrer BHC R4 o0 BB PRI 2 glggﬁte%%e
"ehead onfREpErbarRBESEEq i opearipn eamandehonld only be
srmbata@eom RdagRsh] a8Ar&dy (Rar ﬁa§ BBSH §&§-sggpg%'e@fé PO or v

f t | "addr.e as an ysi c SsS ent
alr?é’%ff?ﬁ?ligisﬂc%gaf%a}h@{ ezsm%esﬁf GFﬁﬁna ddegsseg én rthlécmnb@@ment typically

byrenet avhdablel \h@vn% NpicAlepkdrd§)6r ﬁeﬁ:@_?;hgtr ?ﬂtélg%a 8 ét%ﬁ later

S o e B b P St e S HReor§ b b abuted are the

T(fﬁstt)epammI(alaa thkh thr& stepk aUicBE Bypagitse I?tt\l}gﬁ‘fé&@‘étep 1605
Th SERRET ol e BrBy 'Sggalelr%dﬁr es%qlﬁonsﬁcmu #t lag in segment

v(aablarqueeaﬂb baktemdionlyp aﬁgﬂ)éﬁ[ata s8binght leﬁtl@ll@ﬂ‘gﬁﬁaﬁbﬂ %h@uld be

rovide 0 in.s
2 SpBRRE WIEChinsk® sPhBieL e adinenthie AT P st ehessrs an
dphyyicel addutist featiy ateh andeagngriht hausiber @TftprepRs *ell0Mdresses’

(he Oqﬁtys. i onhiA B REBE FPLBTART R ek 200 ounted o

ople J@MQHG For exanpl e the operation variant |) READ
may require a larger delay than the operation variant

et s o ity ity g e o
e-se

gtallaﬁi Ié@? 2319L)aélf? ]tqt‘ﬁﬁ,flu&eﬁl cagse defanned d}ee@g eseen whdcl physical

waddierg adedmeciiti®e o{p@?at[bﬁ‘t@ 5. Oedd SPéﬁattl&lelvlJn%l ﬁ‘l\‘dlve

not decrease below fhe initial anoun t

e se
LB 85,OBLERL 18,8 O M Sh e R AR bR, i
i m\@d@@tbb’ﬂgtltdd@lcmg)udsmnmmam detdmaltvetshEe plﬁ)the dalay 1n flgure
aij@r%&reﬁfl tFQ Qﬁg u\{) 5&eS8} ff&fs eg@Ylg% ggﬁ,ﬁs ézlu%tléeeq émeéatlon variant

segnen not
B@l?‘y\ﬂ/r tth@ Pé‘?ﬁﬁ@dﬂ&@l@@f&tm Vslpent and/al lthe phlyercat addresk subjected

t b S

e!r?b %}é}l %ﬁ%gmﬁ Qr Ey | ega@{lﬁ tﬂg‘?hﬁktatlogi V%{\ﬁ!el%hﬁs%ﬁAD may
ofequiie- & karses pkayaa@neré@@pemm vehiens EQreREL R tc.

Figure 17 shows anot her enbodi nent of the nethod

dtbeeditnglitment peesented in figure 16 utilizes pre-set cells and creates new
pre-set cell addresses each time a pre-set cell address is used for writing data,
i.e. the number of pre-set cells will not decrease below the initial amount.
The embodiment thus relies on that a certain number of pre-set cells have
been created during initialization of the system, implementing the
embodiment, and that the physical address of these pre-set cells have been
listed in the segment table, but not in the address-mapping table. Below the
embodiment that specifically takes care of this, shall be described in more
detail, as well as embodiments that handle and maintain the distribution of
pre-set cells addresses among the segments.
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i nvention. Instead of conparing the preceding
operation as step 602 in figure and i nposing a del ay

WO 2008108185603 t hereof, this enbodi nent utili zesSPCT/NO2004/000361

timestanps in the segnent tablexfor better control of
the required delay. Figure in particular shows a |)
READ WTH WRI TE-BACK, |1) WRITE and a I11) READ WTH

VR i 1 FFIERNT a oo A bintio difrl et of HBE indth6H S cleBrdingUotthe
ave an.identical .counterpart in

oy EBlER, PheSt o EFuiBie FibwEeaia Shanbne as step 1602 in
defiguichb@ and mqrdsm:gl hatelay in bt BEEPTbred£rthis’OAboldment utilizes

éé‘fm@%ﬁ e bl R o O L G delay

ighew éd 1nrpa1heukareshnowssa ) R@A]DGWIIE‘H VEREPEIBATK, II) WRITE

gl ) R PR AT AT i e
prfégiéllee}% wbithvdo net hh@@l lad identiedlechattesparhin b&t\tfllbhely described
| en
frmtnyiet i
the |ttm¢5§aﬁlps@f lsst sepment acesss iaread fiah ¢he abgeenasatde entry of
Ol’thg %?Eh&ﬁ@?ﬁﬁ@&l‘éﬁ? retgi@vié‘ahhr{ge rﬂrg{lﬁner nsﬁ:%}g &7bf i E‘}ée ngxt step

ference’ 1 s not exceedi
dell T8¢ ¢hecksbdleridifieronep bﬁgwegué eltlhimstamp and the present time

Dfeﬁdéé&s" H‘pﬁ‘@@'et\éﬁhﬂ?ed’wé%e 1?6%& e eﬂéte{gﬁﬁﬁ@& qf’ahbe should be

cal cconpl 1 sh

{ WBl<HTed Hoh dent Bl anavE et @2 ot anch 652 R widl haduffeiently
dil ¥ elrﬂ@ r&ﬁit&\ﬁﬁﬁleﬁh@alhb q@ﬁﬁ@&u&f&d% Sy 1ltff$a1§o”pos51b1e to

alater s i n.con the se

cHFF ¢ VALY R vefiebasgd oy dlevere tegepeyatye, bwitehinghistasy etc. If the
I ﬂlﬂfbf&tﬁ%ﬁﬁ&fﬂt etdes@in RRaL R HiREY r\?ﬁlﬂe aa@élﬁgqgﬁ%)osed in
[ pdat ed which |ncI udes  ad
§F§1 @? %I‘i@‘%%f riedetpemingd yaleowill bﬁtemeedpdi@trumgched
t hﬁplch]lmbaﬁmlﬂheﬂw sleABANthAEERSS{o Y tHE GH‘fél%ﬂEe between

2t BERELeGineR ilde o hrehUSkeies besbvocst g timosiamp and

V\/oarrehh &n:aea glfltaantateﬂwep 101086, Hﬁ coReebHoN Q)‘/ﬁl@@%@% @é’ﬁl@%ﬁ% %ntry of the
e s

t abl eue
DG |SFheL S, SSITR N £ duete, (e Selment
r eelgmengtaﬂﬂle ehtnysmf@ﬂmsmolahs &ﬂda’&ﬂswhfc}ﬁlfrﬁ{hy@?sc@ddmg the first
0G50 Rt o AR S i B 5 SRR of s
oSegmenfs&@case1 witdddereseimenandimoreasiitthe r‘ﬁﬁﬁ{b%?%ﬁf pre-set cell
f | 1 on
LS00 0250 S5 BB POR s, B RS S8penc ey of
RBED (oo mltmﬂsb 1PREHGEPUL Fast it InleeSEegmBﬂStah‘le queue, the
Oﬁ%@%ﬁ%b‘g‘éféﬁr 4 éf%i%’tl&? Es ﬁf)@&%t%g zﬂ%ﬁ gtﬁ)slpégg %emovmg the first
address as gmswai@d@pm edryi updapines e ‘timestainp of last
segment access’ with current time and decreasing the ‘number of pre-set cell
addresses’ with one.

With reference to figure 17 now follows descriptions of other operation
variants supported within this embodiment:

IV) or V) READ ONCE or ERASE / PRE-SET. For these types of operation
variants only the first six steps 1701-1706 should be executed. Only the
‘timestamp of last segment access’ should be updated with present time in
the update of appropriate segment information in the last of these steps
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the update of appropriate segnent information in the
| ast of these steps26 1706. The reason for not adding

w0 b@sasidsess to the segnent table is expl ai nedP@NOR@4/000361

following: Cells pre-set by thegg operation variants
are listed in the address mapping table, the other
pre-set cells are not. Listing cells pre-set by these

OPET (7. TR r\ééééﬁ%ﬁnb{‘%&&‘ﬁﬁ%ﬁg m&eém fhed® Igi’f_?édt taWisdexplamed

result in that sone
adey tsEall wmgnecglésgﬁ’éenﬁe&labrd@eweiabénwagtaeﬂs 2Fe tigted in the

ACKQRSSs IRAING (6] the UGS préScfcels URL heR 1LiEh] &l tb
| gt he ot hee gp'g)rrat |eoﬁ var i anis alccor din ) pre-set by

%Fhand %
R SDETASIRT HAHANTS| N s Aeamans daplesan weln wanld result in that
Urﬁﬁﬁlﬂé et%wmg,gcm tHerlﬁ’fele@% ellf addiesdcatial th’é%{@gtﬁ{egﬁftable would be
pre resses. lis e segnen abl e

Pte% 16 ¢ reTGisamarn o8 Gl anpichSp e ghpR iAot handled by
r Ethakith‘et Bp&raisy e@s@ntlsgilcbblidl ItaSEhT&IBBEdﬁEEnt lﬁlﬂ 'vﬁould also

i.on _can_an ou on e _ex a ogl

o alaRrn wAR s e onsgsd OF Hp Fotaf Yrudo ot Tre-set cell
opridatsses lsitad én ahy seginent fbde séicecrd oshadslsarasien variant in this
th S a‘bodl nent ltt iﬁi c(il I%( are not available via a

d?%% PSS AN AP Wil be exposited |ater
V\,hen al ternatives are discussed. The steps in figure

t oVHE) exe WREGERFQ PRE-PETs{Ihds epexaiion edeandshopkdpnly be
Ste@&%uile?cpgn %7%16%3@&@6@’%% %8¢ be‘sﬁ éirg-ese'ﬂ %yus%t a ﬁfo(@r \Y

t he segment of first ysi cal address
beORsR 1PB§ﬂn¢%a@éQﬂﬁ¥tprﬁaﬁt@eHQ@@éfeﬂsl%tﬂéé 1 @ﬁbydlment typically

am@e Rt iaVaflaBRIVRNG 1@g1t~,ayaaa1fe@§ rr@tfamhahwﬂldoéosxposned later
gted whi ch here_consi addj the first

t
%aite%%\é%ssarssdlacwyé i‘hﬁ SkeRfr B d EBFR 1y tarke executed are the
l i€ 86 g7©hetheﬁttﬁ’@%u?heﬁf @te et1 700l 1 705l 8568 HypR¥sed. In the

st el bR A BE ﬁr%t ST skooatey)a not be put last

mantseghacht tablerweum Eﬁf@cﬁloﬁlﬂlﬁihppfﬁplb@te Wg@i’ﬂeﬁnﬁtgaﬁ‘@itys1nforma’uon

crsbetifs g eBE b CTR Seaisi o opdrptie e st Ripsical address as

s ex:plmylsdlamldaddhessi eﬁtr?@nﬂTQZreabﬁﬁ)@ the ¢ fﬁmrgb&f of f)reiseﬂ cell addresses’
t r LN

5 538 A8 BRI L s M B acoounta for

manKigwieel of the 'lock state' mark in execution of an
operation is presented in the next enmbodi ment,

Ay %é\ﬁbﬁglfybﬁﬁeﬁtlgﬁéﬁ ﬁgnafﬁméﬂl'erﬁh{]a@ﬁ)tns'% Q&’\yantageous not to

ure occur 1 n

aaagc@aﬁ%étfif@ﬁgcse% i FE é%%“m@%mgv@% gpeeation, like for

se&mﬁlé d%fmath%'s@@bﬁd?aﬁa"fﬁﬁﬁ sqeﬁtlaﬂoa al7h3anen el 17, and instead

oSk PEIALI roRFhepehie Bebiarn 1538 @cq vk of o timgptamps

benidoset Gl 986k isthtki ffﬁbrkl USe otfhﬁe ph%ﬁd aate’afaFlens ef®ition of an

b%lp%?gtlég 1s€jl p?ees%g?en& mt actnft:)?’coenrl 0 Pntleln t, V\ﬁssﬁcr’elljt%d%m ﬁgu}g 18.

a
Something that is not handled in figure 16 or 17, but which may occur in rare
situations is the case where only very few segments or a single segment
contain all pre-set cells, which may result in that a physical address being
retrieved from the segment table queue still may be too close in time, i.e. the
physical address may belong to a segment that too recently was subjected to a
previous operation or an active voltage pulse. A mechanism that can handle
such a situation may therefore be needed. An example of such a mechanism

1s included in embodiment in figure 18, using the ‘lock state’ mark.
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previ ous operation or an active voltage pulse. A
mechani sm that can handl e such a situation may

wo b@sesese be needed. An exanpl e of such a nmech&mnNO2MH00361

included in enbodiment in figure;18, using the 'lock
state' mark.27 Figure renders an enbodi nent taking
advantage of a procedure, for instance as previously

%h?éq@ reRdEfOs %nﬂb%cﬁﬂfén‘f\@élﬁﬁg%%h eﬂof h%ﬁ%cedure for
Fi H

sta gure 1n par SNOWs_. a )
VRNtaNga@g, prpN}OWﬁEs AgeIN ﬁg}lr@émlw Whlch updates a “lock state’

W28 Ot EE@QEMn%h@hla‘i‘%hoWhea ) REA BtWIFH "WRKTESBACK 1)

R and s mhiregChOYTrbl Rl TeontirENT Ssebian The lock

Vthét%g en&d Beutile¥ahbbitotoreplicd the @dd bﬁweeduh{esmﬁab%ark in figure

se t abl e, ot a Iledto nin

¢ rETERd o Adrdrekdt 26 pBRBRe SsoRd Stk Pylier Sheh tough it is
plﬂe&éeveﬁi g lilag %egM@ﬂStabiefisgwtet}’Iﬂﬂid 1000 §t§dn hayeegient that
i denti courht erpart in gtr evi og g é:ll ; f
erfy6Gt ﬁ‘f%s HYPCHENCHE BESYT VBEd PH Q‘é’c%bf’cf stegs in figure
182 that ke nb@hdxv@hﬂﬁ&enmwllcduﬂtél@adt for previ beslsetpseribed

Pubed, Lng the ‘ :
oroyupedih s Al oy TRl 18 ok 95008 sloLThaz the lock state
t hearlesdréaldorenstiet gmentkabke ety ofrthe asgnteit eomtaiking the first

'g[?}%%/%ECal'e}dld!résan{ sﬁhe% dstE tl%\@gléﬁ[etcﬂ?fd 'ﬂ?é Iéegac{ Hégk state’ mark

age p
s lset;singmseithisomslly mswﬂ utonsertbteai}:bweédo apply theofirstractive

St\ﬁcﬁ a]gr%g[%ulsy%g 3hdbh %e&ﬁ?ven?r%é n?s?e:ﬂiaﬁ{k féﬁ?ﬁtls @Bﬂtlhﬁgﬂsly

actirve VO age IS a

1anan1tored ed mead 1rsadpopsmstept h&OZIpﬁg@?e uptil pg rmapkl hasebeen unset
S%Hfﬁeﬂﬁte ttﬁ@'fﬁis@%g)&e L g@?ﬂlﬁ@ id %@1‘1’ (13‘(} g&g} Pgod. hl‘?l the next step

first Sl Ca ress a entr
upldedts;, rﬁ}ge updata pheBPEORIiale sr:gmeng é@]ﬁ@rﬂntﬁcuﬁ@smamhncludes

pra‘?ﬁﬁﬁ‘% hd T’ﬁ"st 1§E§7§1b5‘19addl%ss 59(&?1‘1?5 ad'@l?é u%datlng the

I NCrea nmber of esse
on@mqsﬁa@psqﬁﬁaﬁhsegmﬁ%m%s betty BretSﬁ@t Hprm,usg&ﬂmga ﬁh%flock state’

t hgadkd £8d iRGehYia gviblet Adth iR Tprel 18 cellofddSE s by B In a

is.used prior to applyjng the optiqgnal second vol
pi@elar mannqrasdalose ehe Aap Catabn ehahe first @ﬁl&%whﬁg%wlse the

t hgp degapst mhAbiLussd priodto "ab?lﬁﬁg "tﬁé‘top@%ta?béédlﬂi VBRage pulse:
n ste

physi c ress_ and
o R, daR R KT tR 0 s Teag ah gtk k80 Tditenithe sggment iebjgeontry of the
t Re gl cont4ifing tHstéddnﬂtplﬁ}fsﬁd:a/l%dd?biﬁgﬁctl EﬂJisSt?ehﬁntsh@p 1808

en

conse ste s tepposarily blocked

" heked il Stk STRS ik foset It ShseoB mATIc {EpRs the firs

1&(gglveﬁﬁﬂﬁagﬁﬂlb%ﬂsehfiQhﬁ&bhs?‘t&ﬁtnbﬁﬁep umahpoamily blogked, then the

18 the secon ol t S In t .

f bl mettoltd hed % LG inispsa0g, 4808 until

S etheremirkt ladd beanuns/et; ahdinatéph80Nche desortchumltagg pule is

seco p | cal ;addr es ress.entr

o Y e RN SR Rdn DL Mg s B HREESE Sipriate segment
table entry information includes removing the second physical address as a
physical address entry, updating the ‘timestamp of last segment access’ with
present time, setting the ‘lock state’ mark and decreasing the ‘number of pre-
set cell addresses’ by one.

With reference to figure 18 now follows descriptions of other operation
variants supported within the embodiment:
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present tinme, setting the 'lock state' mark and
decreasi ng the 'nunber of pre set cell addresses' by

wo@r®@s/08eh reference to figure now fol |l ows deseeT/NOR@A®00361

of other operation variants suppgrted within the
enbodi nent: 28 1V) or V) READ ONCE or ERASE / PRE- SET.
For these operation variants only the first five steps

1&(321 380y RMU]D@N@EX)@QERASE ) PRENS EURderahele oReratlon variants

‘EHX%P St B taens S0 S5 fhbutibrosrestiedin fhsupdate of

?}ﬁ'ﬁ rlatm@aneﬁﬁmfbﬁnbﬁoﬁﬁﬁah@tﬂawdfﬂchbfs@%%ﬁs t'1|erT§tep 1805, only

set.

o8 MR et The: &lssen ol i Mad Qg Rithayesent time
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opmrmnts are/ hstealnﬂsthemddressammﬂg tfﬁ?ﬁtlﬁsoﬂﬁh“ Iptrwmt dells are
e.pre-.set ce

e Listd B85 BOCRe B I rggioR y bl LT € beifpat table oo
ad’d@lé%ouidprpsnlj 1nethate$om/m but net allsof thet prersethiedhaddresses in the
n%‘égﬁ%‘{i lt%le%oﬁﬂfbg {g%d H‘Fg‘[ a%%cgﬂ%rséé gﬂu pﬁ)@ﬁ% %l?l% WhilH is a
urstiaiation whiokaisemt hanstleddby the ather opemtiomundreantsfaccording to
prtﬁlssﬁhbfﬁﬂir{%eﬁ‘td qf %%?& alléosfe%gtlf 1?1 ﬁr{‘ﬁ{lﬁﬁg@%eﬁﬂ%%‘[ increase of

Sl nce no ot era Ion varil

r ébeteotal ngmbarafrergsset ogll admemsﬂ@tpdzgns&a seghient table since no
ORRAAE bPkraEidR, \?d}garﬁrlﬂ%?s BIRGHIS qPoagd@cﬂeagé cal
address that is known to een pre-se y use of a

e YRRTE TP RRECSES, ?Jﬂ%iﬁ W FA146F Fy apd Showld only be executed

avai 4 beglea%\/ad?dmstm dgltqa:kmm eoshava bbastprehrat byitde (biea IVorV
d t t ar e s se
BB sl PRy e Sl ShlY BBt iR MeibodiPlint typically
Stepnd8 @Ska11albﬂem1al’aeldgnczﬂeadthrxss st ﬁ’m tliﬁOxiZfﬂl &@Aexpiwﬂaa later
b 5., the .t he
£ VRRIP Beralafiy D 3n 8 SR PR sis Y in IR B Shat be
s@gﬁelmltedteablthe cflre‘u stepl i lgdten mhg/ tlmeprn:epatlsmps 58028104 may be
f
#E%?dseeras 1 r? t 9}?‘1 180, t>e[h§ }n% t oggbg glsrs{;iéh(yiswal address
pﬁbgubbno’fabl@l p@ié, gasé nn sggmeat |taidpeqimung Indtead oulpeppofpriate
pﬁg%ﬁ‘l%gt Eﬁ{rbr lﬁﬂﬂe PGP shgﬂﬂ H-drgfédf %'a%{\%&@ g:o‘?ﬁ}?ﬁ?es adding the

180 11 a sane as accoun
f figor phygcamddrgseasp Ithf}@lcﬂl @@lldr@ssmréry padKinereasingpthe ‘number

1%@ re-%%@%eﬂ%fd%@sst‘:g"ebg%gﬂe' %E'f&'l‘lo%m%gﬁeésef?@g 1811 are the

age pu se in step in flg
ré%mé@éoa Igadysasrpuated festmfguradR. check sinilar to
the one used before application of the first active

vilheage @ldhee lock staagsmbhRIn slef341807, 1808 Befbfe th®dpplication of
ik se?c}/ona}i xrfmltage pulse in step 1809 in figure 18, could be replaced by using
a timestamp mark check similar to the one used before application of the first
active voltage pulse in steps 1703, 1704 in figure 17, and even by a more
rudimentary solution that just performs a check on whether the first active
voltage pulse applied in the previous step 1804 did address the same segment
as the retrieved second physical address. If that was the case, a delay is
imposed before applying the second voltage pulse in step 1809.
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rudi mentary solution that just perfornms a check on

whet her the first active voltage pulse applied in the
We@sionnes? st ep 1804 did address the sane segnePCT/NO200H800361

retrieved second physical addr2gs. If that was the

case, a delay is inposed before applying the second

voltage pul se in step 1809.29 Figure 19 renders an
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r 848t RYEG b e}’ bné SA%?ﬂé?QK@geédh&Eﬁ?s@QDédd\ﬁgﬁ hak tebe retrieved, it is

consecut| ve operati

ok en ok Gk Fo it aBOT S SE B8 physca

SRGIRIRL FXhbRRnsesANG: @Eb’ﬁal’cﬁﬂﬂ 1@66&@81@ tHeheanpe ssgmient as the
e case

operatjon. If t t

G LD Rusipak 1988t of (NS PEG OIS 08T UM rbRbe s BgErEe, 2 new

?Qééd’nd ﬁh&h@aﬁ@@dﬁé@ﬁ i$ phtievadénatep 1806 tthemsecasdgment entry in
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erlboﬁl shionlé ramﬂt en n drfﬁeeerttrmmmethe ansendlttlm@ Alternative variant

er atj.on is d
Sy § Sn%g;%@@@'t"g%ge"l‘%;sf’cgﬁ%%?o*ﬁ% L‘a}hntalysed are
sﬁd»ms,ewhtdhvmagxpreswht |1n:rats memylgomal%/glé@n byisteps 1905, 1906 as

g‘%or%gq,lf gc?ozlsgggﬁeélps RUQHS, n@h? &17s3H01n ttﬂ@ sEBsiad Gp@hte of the

at1on 7 nel udes
r gapmieng tatile 1940 hie ppgiatec(af appipsie ggg@ephygtrydpformatlon

Zggé}? S?Q]{ﬂho\(’ %é&#ﬂl neﬂ‘fysﬁél%@ﬁ?a@ﬁ pIA%ical @9@REs entry,

ett
updating the ‘tlmestamp of last segment access with present time, setting the

‘lock state’ mark and decreasing the ‘number of pre-set cell addresses’ by

one.

With reference to figure 19 now follows descriptions of other operation

variants supported within this embodiment:

IV) or V) READ ONCE or ERASE / PRE-SET. For these operation variants
only the first three steps 1901-1903 should be executed. In the update of
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"lock state' mark and decreasing the 'nunber of
pre-set cell addresses' by one. Wth reference to

WO p@s8063D now fol | ows descriptions of other OPET/NOREM/000361
variants supported w thin thisygnbodinent: 1V) or V)
READ ONCE or ERASE / PRE-SET. For these operation
variants only the first three steps 1901-1903 shoul d
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B Bl 125 BEER S g e SRR o s
t @bﬁlﬁlomﬁw}ﬁbhus nat hiahdedi oy theho tieriapenation af@ma@@s @s}cordmg to
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adﬂ{egtsqspgﬁa{/éﬁ%g An? ik lsgquﬁﬁﬂﬁgnérﬂme@uﬁb § reideer

rlan nt ment resu tS|na

decr e R T P h
sidal 3S§nlw éf@l&é‘sgﬁr Sﬁi-‘rlég‘?-liif"l&?‘ 1§ %lragtsaléﬁf insonqy be
k@ﬁé\&%ﬂa@ digy @0@1%@[1 afdfess ehatbiy lusevoeto hakvy b@ren\pre -set by use of a
f}g&e{r{%gbqsf%ggg s? gé}b S@‘l%;@@iﬁ%{t ccglglqdéi%‘gsgsregsii%gls' dnbodiment
1@§1|1¥@@|é| lh?ﬁ awvatabRCtiataRigivall dddﬁesgmfmttthait Wall dre exposited
n a ives are SC T
WSat% oo R ot S T e Thgurd 19, Gt ghall be
nexecstedmrd 902 firy sii@p 1(dadken the nekheteph] qap mae’daelbmgassed In
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5 BEATSE Phod B A En Y 508 GRS ot be
arbmﬂﬁ rdegireerd eghhienquearet Iystead @mﬂmlapprommigls@gngant entry
; ggﬁtlo%'%ﬁog%l?egeeuﬁgﬁéasﬁlﬁ{ glgﬁdb&gslgﬁeoff édcﬁgg the first

as a physica ress entry a
Iphyeaaﬂ nddtdss dsrwph}mc address entryeind wggeasingdhe pyumber of

glrf)%é ggggg@%g ﬁr%‘ﬁ% ﬁggfoh%%n% 'I% eﬁé”%@ﬂ“i@lqsare the same as

ure 19 type o
' piyealymicegunted fqrgurfegMWelr in a consecutive
operatl on, or operations, is analysed before executing

1??%%11 Iﬁﬁaﬁﬁiﬂgoﬁn ﬂgdrb inivhedeinen sonEeduaivengyeration, or
thls se thls 8|call cause roblen§
{ RBCEHEED it FRlGE R DB eX St Re T et P st {fjgniroduce
PRSLRONEEN R MnahVELEYse this will typlcally cause no problems since the
consecutive operation, or operations, only must be postponed for a very
limited period of time. If no consecutive operation or operations occur within
that period, the execution of the current operation may continue after the
waiting period itself has introduced a sufficient delay.

As aforementioned, the interpretation of which polarization state represents a
logic ‘0’ and which represents a logic ‘1°, is only a matter of definition. This
is often utilized in devices where the present invention is relevant, for
example in connection with conditioning a cell due to the aforementioned
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limted period of tine. If no consecutive operation or
operations occur within that period, the execution of

WO b@sosesent operati on may continue after the REI/NOR@4/000361

period itself has introduced azgufficient delay. As
af orenmentioned, the interpretation of which
pol ari zation state represents a logic '0" and which
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Lemllmdﬂtneﬁtssweﬁwr applgmajwreoﬂfhd fiast antbvenpwisand sté@m2004, the
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agpA et phAROArT o AR B el iR e g bR queue in
t biepskfeand abptdqﬁla’mersﬁgmﬁmm]ai inddtnetioniis updiatédasHere this
Ian (ithgg?ﬁ g&@% llfgeaﬁ{s? é)%&@fé%ll aﬁgtrséﬁg%so%ogﬁ\éﬁ addrgss ﬁgtrg with the
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peBeh i npr@e@@fmﬂ arigptien dyedarkn éle@ppgméo tii@g‘*@ﬂbiﬂ@ﬁtlon of

}I'l sé’d@ﬁo@‘ggl'tiﬁé’ﬁa flsel "tﬁeﬁg'ﬁta' AeckUaistas 2009 wﬁéﬁiﬁ%e pre-set

D ond ok i s hee R ad T he o

2Q0:"p ¥t atiBnt A€ mAk8ndRates polarization state A, a step 2008 follows
which is identical to the corresponding step in the previously presented
embodiments. If the ‘pre-set polarization A’ mark does not indicate
polarization state A, the polarization state must be B and a different
procedure is introduced in step 2009 wherein the second voltage pulse is of
polarity A. Pre-setting cells to a polarization state B is achieved by the
second active pulse being applied to all cells at the relevant physical
addresses in a pre-set operation, and the relevant ‘pre-set polarization B’
mark being set accordingly in the segment table. In the consecutive step
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pol ari zation A° mark of the second physical address is
anal yzed. If the 'pre set polarization A mark

WO padsoa6es pol ari zation state A, a step 2008 fRPCT/NA2004/000361

which is identical to the corregfonding step in the
previously presented enbodi nents” If the 'pre-set
pol ari zation A' mark does not indicate polarization

i TR dhe iaReLF abBRI e N Bh iRl 2 BBl o comprises
t eemyesdogdhe secand ppiykisel nddufsspsl aaphysical adiress entryrand

Sotestet daR 8" A g (TS B SR ARIBSSH PTGl 1L Hgyld be noted

secon ve pul'se being ap

r ehat e apipljeateen ohdlar Essleactive wolinge pulseoipettapiZ2éi9S occurs

a ti1 ¢ - i ok B k: bei

 eRdEpend e B the RARPFtaRGn B P Ch STRE. O are always
c hiBE pwst g@ dparizegian stape Aupdayrocedpis bprdlang polarity and

S QTR &SHdebtion’ RitRBhe PreSQTARYVERE0h SRV AL ddi@ntly have to pay
cal .address ‘entr

second, physi cal dress "as a physi 3 y
arﬁit%&réééfmg apa&e%% e gprepyed-poderigalion Ay gmask apdated.
by one. It should be noted that the application of the
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Otdﬁrpﬁﬁ@fﬁééizeﬂtaﬁllf@fﬁlﬁtiﬁﬂ RAQhé ¢kt flthicke mrgs 200T5, nothing
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READ ) E- SET.
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a ropr, ate segnen LN r |OoN I N as 0 .nese
B B A BB bl e e Btapeellorie 1 ldniag cells pre-set
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an unwant ed permanent increase of the total nunber of
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;8 1981cR! AO0GRRR EhEEls TRGinep P Ve GosRASEFL LIS of a IV or V

opgrerhiion stidt amdottard-selcglibaddxenst éal this embodiment typically
are not available via a logical address; a fact that will be exposited later
when alternatives are discussed. The steps in figure 20 to be executed are the
first step 2001; then the next three steps 2002, 2003, 2004 may be bypassed.
In the next step 2005 after the bypass, the segment of the first physical
address should not be put last in segment table queue. Instead only
appropriate segment entry information should be updated, which here

consists of adding the first physical address as an physical address entry and
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on a |logical address that is known to have been
pre-set by use of a IV or V operation since any other

w@e@spstestel | s addresses in this enbodi ment typeT/abDRg04/000361

are not available via a IogicaF3address; a fact that
will be exposited |ater when alternatives are
di scussed. The steps in figure 20 to be executed are
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S s bo
P prhaBde | SREF-Fof CalbadOrRRER S1QGE ISAEd fopy Address mapping
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in the i ca
0508 GRLL AARTGySEr B e Tuspa of retas ik Waf Y Hiihver of pre-
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&t cells in the initialisation of the system but
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NN T J A T
t @El'cﬁangmg physical addresses in the address-mapping table mstead of
resorting to replacing the physical addresses as is the case of step 2011.
Figure 21 in particular shows a I) READ WITH WRITE-BACK, IT) WRITE
and a I1I) READ WITH WRITE-DIFFERENT operation. Only step 2111
which has no counterpart in figure 20 shall now be described. In step 2111 in
figure 21, the locations of the second and the first physical address are
exchanged in the address mapping table instead of replaced as in previous
embodiments. This implies that the logical address given by the operation,
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according to the present invention, which includes

woe@ssstestel | handling simlar to figure 20, beCT/NO008/000361

the last step 201 in figure 20 at handl es pre-set
cells during by exchangi ng physical addresses in the
address-mapping table instead of resorting to
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vapt %HH?esQ'H#%u?]@ Bely o7 gr 9 niZbd aHdER s f}ga%lb?elpos}lg@ Eg ah9 difier pre-set

execut ed S subjected
oseHaaddsasy afterwerdss rﬁhmuﬁdaaf@t ofrppryopriede Bﬂgmﬁét squtrmtlon in the

as}aﬁ 9%15‘23@'5 s‘h%'ulld pddiRRBed RPN Mn@ev? a§ 969&15'&9@5896 for

ate of app roprlate se nent formation I n
t Wé gy O@rerftﬂh@% 13- @geling e 11 vﬁw@acahaddrrﬂ@ aaphysical

g[&@ﬂké&:&é&?ﬁ?ﬂ&ﬂtﬁ@%ﬁ%t o] A8z RASS AL BaflOs &SR @AM that the
ﬁs have been pre-set to polarization state A and increasing the ‘number of
pre-set cell addresses’ by one. In addition to this it is also required to add two
extra steps: 1) update of address entry information in the address mapping
table by setting the ‘pre-set’ mark and the ‘pre-set polarization A’ mark, and
2) increase any variable keeping track of the total number of pre-set cell
addresses by one. Use of the variable will be explained in connection with

the operation variant discussed below.
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cell address afterwards, the update of appropriate
segnment information in the |last step 2105 shoul d be

whanwdlos@sT n the sane way as descri bed above f oPCT/NO2004/000361

ordi nary operations, i.e. addi ng the first physical
address as a physical address en?ry with the 'pre-set
pol arization A mark set to indicate that the cells

hayg been %ﬁ%mP@%@f%ﬁﬁ rbp%tr?tfl&é ﬁgm‘ﬁt may ‘Bg executed on

increasi&a er of pre-set ce resses i
orfaly logiealdiddress thattisikaown {osstare pre-squeelésl Inofigane 20 the first

it @%ﬁéﬁ H2 sfHoﬁtP&tb Je)xeggﬁj&i €hot tﬁ]@ﬂéﬁfgﬁﬁg‘c@s 2102:2105 may be

n mat| on 1N ﬁe_a ress ITHE g o}
t Hypagsed.skhe f@ﬂé@Wl%ateﬁJﬁeﬂ%ﬁ 1 barpthapamatasolesaribed for the

efrlin A bperatiBas. CPRR (gi_lésfaﬁéﬁ haklaft KESPIRA1L Gt Ble : pre-set cells

the total 'nunber of pr et cell_  addresses_by one. )
oquFFjrefIOW &rilkotte WY theranesps Airsiclnked txHiretagisnl gsldugss given by
t Rfe QRRE A RN BHidrathe rdblt wpisieble RelcRvead? off theWdkdiEndiBoer of pre-
PRE- %%?a;giglgl s operation variant n§¥ be executed on any

| Gt €4 PSS SEpCR 1P DO BfiTSEleEtviie Prateshtl Qugecytive

| mpfplidatien2sr e oberdtosveRarildhbreferyledtdits £XR&UHAE all pre-set

t hen, t.he, next four steps 2102:2105 be bypassed. . )
el et B SR BaTsd § T ARAIE Ao LOie Bresent invention
dds basbédnfthe dviaglabildiynef yn afgeqwdte angnbdihb cepe tiddtilive been

VA2, 5 BoC S chab IS  B P e 3E er of

aqdeess cgllvehirbyseishe b@ﬂ)ﬁwa d:@nzla,infllimnﬁﬂn dio ?El abiesaktep I’[rlack of
il b . e.tot n er re.set ce

aciise dSulidTR oEOGe R oAL B Per B S eL&ER5sBan be wsed

Cohs bung ay chappiriatde ieaneeds & iprsdapenatddovalvay 'applicatican of this,

t it ai a ] t all pre-set cells in the

.sg)g{egéﬁ?élr?gsygﬁgEﬁe@.ﬂe@%@é‘qup?i cfaltoi on of the present

150 U9R bhe eyl 5 ot 2l hoblh fove, oy

Vahhpabcaoliflciate Bite 8RBl hefhbek ofitelRt 3k119HIRET usihg the

pre-set cell, ad S is below a Certajn lLimt, To be

alIPETFEOR ¥apiap g{c'ﬁ > YDy bz abave menttme YaJiallg fogstoring and

It Keabinpiiraek oFfthprtetad etungledr oPphl &SRSl SddrelSed) TRy hAS to be
on

apRRESH PR APHIKIE Tisgareia ian NAAATARY I Fof the mbodiment
]E)gitﬁifideeldthaﬁ'thmeatgbbha Eﬁﬁ@ﬁjlmlihbn s@@rtigﬂg tosappliyatieivention

i gure,.an scribed above, only ma creaseli ncr.ease
¢ HECPBHAE TnRE BT Tprate Gen BB e CRiteR GoRAG Lortital Count of
optke aatriablesasn dbtset Mp at avly) privhecedsdyie whril thenedinber of pre-set

SR S AR ERR A TR e S b Rbloving
upoe¢rdomie comfiglsddgr iritiatge fat bﬁmm‘pebﬂs bym}unh’rﬁng thd Jnumber of
f vari abl.e

et BER AR DR NS Sty (T e Reble:

according to the_ enbadi nent, contains a correct count,
Tﬁlﬁxq Wpllq%’cegmm playsical adc{resses, Elke for instance in step 2011 in

figure 20, instead of exchanging addresses as in step 2111 in fig. 21, results

in system hidden pre-set cell addresses, i.e. the pre-set cells will not be
represented by logical addresses, which may be translated into or interpreted
as the physical addresses of the pre-set cells not being listed in the address
mapping table. The implication of this is illustrated in figure 22A, which is to
be compared with system visible pre-set cells as shown in figure 22B. The
main advantage with system visible pre-set cells is the possibility to easily
increase the number of pre-set cell addresses, as long there is free memory
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the variabl e can be set up at any prior occasion when
the nunber of pre-set cells are known, e.g. at

wo adwsios®wsT on or | ater when the device enpl oyi nBCT/N©O2004/000361

invention is configured or initgated, for exanple by
summ ng the 'nunber of pre-set cell addresses' for all
segnents in the segnent table. The repl acenent of

pfaw&hl@bg% Hﬂldﬂ’s%&ﬁb%s z% h’t’(ﬁre{1 ; a'nﬁ‘i%tlﬁﬁﬁi;ﬁeﬂgggg gé;srlgtgéelw IOOne risk of
' excha
> Ty st swstonodisiile k- so) SEUmin aicr pranest addicrsés may get
achdﬂo@aﬁﬁlsbylorématryelapelt ;6f ggis E@ﬂ@s%éfehﬁ'@lq Heéno available cells to

r esses i C
¢ PESRE Al tpfboe G Ry efiPh SN SinseHuSHHY Hecl less use. This may
adhdnmesbeoéolvhé byr eotsallowiid EhEﬂ@tSt@ﬁ'\ﬂglﬂlé %fré‘-%et Bell§ o

\4 € s 1 tQyguarantee this
ReTRABhP e R NaReieReS TEnihy b

W|111 Iallsgamaztmnsr sinbé ¢hppee-set c&iﬁ |t cassiBloynbt) sftﬂD!aneerepresented

285 B TRB0L BA D RUT) Mhl A B0 R st
oﬂnmsé;lg@tel]@ebh thddxtb@sbasnd afsnalbdnugt}tehﬁrmbeﬁ of pee-set cells to

”‘Féﬁgﬁﬁﬁ%ﬁx%}ﬂada) ag’fa%tlt Thi sé€ ﬂ@ﬁlb%sr' ?E}mé cla na%cggthere are no

Ing. o el I's:
yegiead gd@ﬂieﬁﬁ@ ﬁmémzdte thel pre-set aethlat avalilabie fior yrdmary data

aﬂgé@s%s ?tssHEﬁMdg)%t étjbliocﬁﬁ{ ﬁsthkéyogge{rgﬁgﬁ‘ rﬁﬁgsa{)y {/ Lh ale 'wsed on an

ggens there w | € no

956 agdetherr 15 RO apdatmofvn 01mmmuermnkgepm-setmls in the
U§§dre§§'r§aﬁﬁ¥1gﬁ9‘t%°evgf lrpﬁlé?ég{ﬁgnlb%b[ptth@l b{gﬁ%ﬁ] %it1"fot know that

stem Vi Si pre-set cel to decreéase
&FW%ICQBtamEePe‘?'tSﬁEP@@% after ﬂt@loper arﬁmndvarmants despite that the

guddlaa@b eRs tahlloglée[] fldresd éé’rﬁ{éc%@ afill %%ﬁs&

}53 dss%stem visible
cells,..acce g%§ pr not, str are repr
I 6%995&@%\6‘?15}& ngin ghistedo ‘(Fr sible to a user

reservoir of systeminvisible cells, on the ot her

h@ﬂil@ reeuhmfdhetmesmunheennbn s dae&qireaﬁit lcg1lk GvilEBRAMLe physical

nher can change_si
er e g’rlseoqﬁé%o%rc }clzagllga 8?@%@@ U?lﬁg{in 1b(u21é>np9gpgeetset cells
c@lmpggatharslegmeatsf oFhuw, @ﬂhmwseiad@lsanaymd up ir8 b%hlﬂlg'le%gment or

Rt QRf t
an a%(ﬁ oo SSéa%IgE?ﬁér 4 Eﬁ'tlh%yp cg,[c‘teatrfl S’e (fto(}%ﬁ%ﬁsent mvention.
cherc ersianng, pf allque- ae@rcbﬂsuemdtumlmdmmgrs smsgnmmgtnearﬂoend

Oirol'ta‘[gé ?glsséergg%?%e %}1 Fl)?% 112 Eﬁe @%%@gment é Eﬁrg?g?{] 1y, voltage
v@#lﬁﬁﬂggns%@e@mtb’e thergt Wﬂﬂrbee&m@@km tsodudeogidebdy between the

asidlEes Sascere?ﬁltsﬁﬁéd i dné %ﬁ?’c?cﬂﬂﬁféﬁﬁ%f'%ﬁ%sl& 'I:bl\ﬁc%' 1?1‘1;%6;1 would

accordi n inftion giv

TS 35Tved 8 ﬁ%&cﬁ@@wdﬁ@r{aﬁ% Hpage prfée@il@ﬂ am:lorémgr ﬂol the invention

Ghvude sﬁbié@ftcﬁlstrﬁﬂﬁ{&? or ré&- Ql‘i‘ﬁhi?)'u e”?é/t (rc]eqijssgmgﬂg the

uneven d| tribution of pre-set
SOGRATS, rﬁi@m@mw]@%n@éﬂgb@ PSIOﬁﬁy Oeﬁrfmaﬁlrpns areaongoing in the
shegloey SRYIRI . Oy pidaMrdiri BV PROAETMS tingdli ch may

reduce the effect of the present Invention.

Figure 23 shows an embodiment of the method according to the present
invention, which handles distribution of pre-set cells during system idle time.
First a reference is retrieved in step 2301 to the segment with the least
number of pre-set cells, using the segment table additional information on
‘number of pre-set cell addresses’. The range of physical addresses belonging
to a given segment is either known by default, cf. the alternative to segment
reference filed in the segment table as discussed previously in connection
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For instance, if all pre-set cells end up in a single
segnment, the second voltage pul se nust be applied in

wo b@s550%87 segnment as the first active vol tage pCi/a02004/000361

Consequently, there will be a nged to introduce a
del ay between the pul ses, as exenplified in the
enbodi nent of figure 18, which in turn would

negahifyghse BJ f@lcihe%‘?s gak’p [@iteﬁ Gefe LQ%@ablaPle in the
accd?%dl g to. the | nventl on support I'str

oraddgess MapPig tahieofl hsy is-witlizedm theanerptepa302 wherein a
sqHBRN A, addREsLHAABH %r%@f‘cé‘l‘l’s i %be%dﬁh'tﬁé'skﬁment with the least

in the devi ce
CVBIIELFT 91 BUF-SAGCQS (iR Pl Gose pES S Gheratmn iisniecin step 2303

erdmt:hermheeédtfh@t pRydiesl @&&1@%5"&6061@11‘1 €0 R EFRIS embodiments
| nventl on, whi.ch eéiandl S dlaitrl but i pre-set cells

HFreviondiiset o83l addzesse é‘it é‘hé]élslcsase the first step of
r gelttmgeﬂe ifirss pRpsiz8Ddddress rén s agpRAl aﬂfdféhstrﬁ |b%6l§51passed as

i ExaintCogpasint s Tyt Senrpd s Agies 20, SR ipstead directly
adae espl&}aélcal'l'dmhiﬂeam geswath ﬁ%ﬁb@l\}\% &ddftﬁﬁg d&ebﬂ!yciﬁ G¢hBGecond step
t her kn .
;?to@rz g g\f( eﬁf Laljﬁelﬁta%lrye? q‘ql &i‘g %ﬁnﬂh@g %:.hon of
t @meeatamsjlﬁwpemibﬂrtwbcamly anmmaﬂeﬁtdlmal& o Tafphysmal
fi 'a%d asg %vllle%r sl%ﬁle{s Ja%la%ﬁ‘eﬁ,aléq}tﬂm {d mel?m éteeioeé’a‘ed% where it is

fireds
utlmplmﬂyuaﬁsmmednhat thet wged2@@8e wlperaimn suphyrss eabcutlon using

HAERRLRARRN TR i RO

eidlosy propesatiopdirectiyron 8 physicad addresseft 23080 possibée with an
r alfel-enpe %%’[bg)tdnﬁ’l'é}i@sciﬂﬁla?qg ?étsm ﬁ‘gﬁ? X 95 ngué ﬁfhgrem the logical

previ ous, e era sSue
| @éd&%ﬁs iggaireened wiatthernddipss mappingtatie after shepeodnd step 2302.

9qtHd S4sé %%eféti@ﬁ PR J%?ﬁle@ﬁéjﬁlgsﬁlevlbgeﬁélaﬂ%gﬁl VPR though a

addr ess passe or “exa
f Felgteval 52 tb@@hyrswai agdr@siv@ckafmm GSH m@pulyg tahde would

abphusifedt tRdgreseke plsscth e Ay 6f ¢ dlafi%n.
dlrectly in the second step 2002, or do the simlar in

S 156 BB T L0 SR BAESH b REH B 9 i
phmtm&d oﬁpm-sssceIManaddegan\aaldJ c&hinge ofSloghtibhzesftkead data

t T RO Segitel, epetidl BRiddirob FRL hethod pPERIES ip figure 23

phWHl reanltaddr ’Esaésomar@:mh yvenaistvihuticnf of prd-seinedlls.
possi bl e or desirable to allow an operation directly

oThe AbiRidcet dﬁ@ﬂbﬁﬁﬁ;ﬁré -sle$ cah§ oadOﬂﬁfs'nbat@d \m {; gg and as

| t t mbhod simlar to that_in
B BT L bt st Sk Seliaas well s

addf}ﬁ§)‘£st€ﬁlpi@ivfﬂﬂbl@?f@sétf dells. Th8o8eA8f) hoi &Rer2 38BportReeation of

T L e e e ST oS dore st cele wil

athbrefareligpical lyorenidia sagsleessrrependiagttatthe MRHbEr of cells
created and pre-set in the manufacturing phase and/or during
initialisation/configuration of the system. The system invisible pre-set cells
typically are initially created by reserving certain physical addresses,
typically a range, in each segment and pre-set the cells at those physical
addresses to the same polarization state by applying a single polarity active
voltage pulse to each of the cells, and not list said physical addresses in the
address mapping table. During initialization and/or creation of such a system
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be the first thing to take place in the execution of
the operation. Since a read operation issued on an

waddsessstn a segment will result in creation BET/NO2004/000361

pre-set cells in said segnent a%i change of | ocation
of read data to another segnenty"repeated application
of the nethod presented in figure 23 will result in a

d f g@@fs%salgg g)?)%gl%l? kG Eféakfgta'clgpl&ﬁe}lpsrggte?ﬁtvﬁl%llé pre-set cells.
i I(Emtnoat efisystei yiartde meanﬁ celds mae«sb«nwem‘eanot/ enly take place

Uil BBt Ut MGROLATh (rShE 'S REP B mEs as el be taken care

emi1 nvi si set’
naotf, durong vdle, tlm@p\pbcm n@rcamrabnns)ar%naagonrmr npm;ng@‘t gand/or in

CS o ANn EsTHES DI R e,
p%e‘zggg‘? G T ir%@ﬁlfa ) %fl@ﬂ?creﬁﬂ%ﬁﬁvwdmg to the

Fprbls@dtl inathtohchat syppats oreadiont drel dmtlbﬂ‘tloilil”tﬁ" mesdatroells

i g BecT ek Sl o2t fihlifel b figure 23, but

t ythen ahlsye;aznﬁa ghe logncahaﬂdmsg m:emtespnﬂdmgetcsﬁte finst physical

Celdéfrfa 1ts%2:§ﬁ§y§$ iﬁﬁézﬁa& Sag eﬁ% S@igél%él %S%Jez [ L8 {eason for this is the
adbillmvmgl sttﬁ]g@4|ﬁl4l whetain eashclefcketaf tled heon- Imepdserh_caﬁdress is ‘free’.
1g 1?6% HR %%él%?%te%dadsr g(zregg &)H?ﬁiﬁ'%?&i}n mlsucﬁ 'ae a
syrnemm@g aldth‘ﬁbS isfpacbaf gsdlaalrmnmd)b/sus klemomainatesht ieee memory’.
aq@{aéﬂ 3%21(21%’ F ?t%ﬁhﬁ]te eloﬁ-l%nftﬁgrhﬁﬁhfe%segfﬁﬁ '1?»‘?16%&11 known in

owever no
plpsrw alti rainlgit omé]anobhe dnsquﬁsqd 1] d@@nh berean. ktheilkheconpidered

é;pégé( nid® kb sﬁ%ﬁlé@h?ﬂl&@fteofq{lagé’%m% g?’l(ﬁ‘lésl Bw B ep track

ations are ong0|ng or 1 mmne or 1n

cmﬁﬁnﬁbgewfmnceaut@t e UnEWGTYT @d@@tsseﬁew@l thadigta gHocated by
S%@%g&%m BrOHbe d@&tr%e X g%ﬁ‘%lﬂ’%{w@iﬂ’@ﬁfﬂlﬁﬁ%ltﬁ% bhér.

nmet ho accord |ng sent | nventl on
su¥panely highdevel mematy spananeme isftaker carq ok @ the logical

dufddpgsd %eﬁ:et 'vﬂﬁch-ﬁ'@hé kéa%bnsfo@ﬁﬁe 249d, st@}ﬂgaogrd%scrlbed above.
i denti cal ure £§ hen.in step

| ofépw&weadaraeg Tewy W fﬁ)ﬁdﬁrwsﬁlcbl% k@ Sef i rmwnc%m free memory
adiReSsels dif&dtly BY gk ph@sTcdlned desh emiﬂ@b 249@3 Qs unnecessary

The sqn for 'thi foIIo t
| tand e hackdn ePf?é*% Lﬁfl Dot H‘g?i@pqc 3¢5 o physical
ng(ﬁlré§sblt8?tllb@?fdﬂflﬁgﬁb&ﬁgﬂre@ ;aff theldhesls moﬁbplzﬂl()fﬁgresults in the
i sposa at a r.es part o
PRy PO Bt ot atoter cubhBhgrigal aqdiaRt i iepabie vet cells i
Efre&\i@Véthﬁ etepl 245, rthenrthe 1@@&51 pessrsed byc’mepssmm V405 is
nown | rior, rt an be_.di scu I.n
adearreait fe et il bandich e dIRERC Lt s hysical
skdiddresk isrsubjectedttoad finstreagivegy oltame pe]semi\/pdlarlkgeépwhlch sets all
track of .an t..references.to.'fr A e
Suacq%ﬁf:wtd ¢ }sgfac)a’fl}eost%?% ngaspéa?lon dtife. qﬁ%e%ex@%%p 5367,
appropriate address entry information is updated in the address mapping
table; which type of address entry information that shall be updated depends
on the specific method used for executing the operations. Any information
that is in use by such a method should of course be updated, i.e. the update
may include setting the ‘pre-set’ mark and the ‘pre-set polarization A’ mark
for the physical address. In the next step 2408 the segment of the physical
address is put last in the segment table queue (2408) and in connection with

this, the physical address is added as an entry in the segment table and
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the system are not destroyed, e.g. by being
accidentally witten over. Normally high | evel nenory

worwagssent i s taken care of in the |ogical adeeEy92004/000361

space, which is the reason for ghe third step 2403
descri bed above. However, in a Systemwhere it is
p035| ble to get |nforrmt| on on free nenory addresses

D L T
pet heonnaegiafquetset o6l zrd;irsmu bal orsmmgﬂole @dditional segment
r iRy iﬂ]ﬂrﬁﬁtﬁ)h%rl?e dfidatell dég)%n@lé‘ KitleNspelc i %4 fod in use for

results in, the address not ree anot her
pHEcHEng dha apssatignfiGL O%ﬁfgle@ﬁh@t issinruser by vueh .armethod

Sts‘h@u?cfr@@ couf@nbé h@dbﬁ&’p 1QCHIeE ﬁb&gtebma?tfﬁp@leﬂﬁéiud%{ﬁﬁiatmg the

eat ed til a 'free' address is fqund
t hFlén%é%‘iﬁch‘éﬁu ﬁsmeglﬁsnbﬁ%% aw@aalﬂréggt fley @S}t&lﬂ tae tlgck state’
a rﬁ&ﬂ@én@@éttidt% tlfﬁl Tpﬁrt@%e? |0$a&1£&tldipharm§ﬂ< forihe fﬁhyﬁs%él address
esse S to |on sta

[ ] .
C atReiS T gga ntagﬁpgfsh? 061 Blm s T apersst el addrdsses is

i nﬁ@td’ﬁﬁéd@? (bnie hpd&I h@t B&ﬁl@%dﬂhmmmmr\@) E@Hbﬁe in case that
Elig ﬁ% ﬁ nformatltglnthat .shal | be i
TS SR per B9 S et or Xt B o Ao BR. 2. dperation
emxﬁntm GV h¥) epev Btinoths. préniousndesicriptioano f tiat emdoldiment in

3B BRSSP e o 26
t hed desersed pdbwar.i zation A mark for the physical
address. In the next step 2408 the segnent of the

Physi a@ﬁi’ér%%&e"?re@tmélﬁ& aadlte%essﬁgﬁfenéerg ©with the least
queue, (2408) i.n connecti'gn wt ysi ca

addaler ¢ p%?dg%oceel&s ahe erthadiment ﬂéS@é@‘Tﬁam fyeatsp &4 will, besides

a%@@& REQAPprAs & c?qu;méﬁb SAld Heh@tOWARAd 8R elqBial number of pre-set
whi ch 'ni@gﬁ S 1 ncreasing the 'nunber of

prcé?]s dregsqs 1RRAS WWS Possi bl e addi ti onal

segnment entry information to be updated depends on the
s p¥cthf the uset dlosystemudeitleopreset aellsngichesprpealdy ibadarge number

a?}fcogilgcfeeﬁgtg{1grbé§?@g dfid) (ltﬂ%etnﬁg R4 8¢ tlﬂ?ﬁo?ﬂgﬂel H) use a

uptate may
| IpECidé V@pldat pnﬁ @ptehzetlom Rﬂé@namﬂmg tp qcsevmelgrmnbodlments ie.

ﬁ::ztno P ??tcéjerlfseﬁltreé%fes cﬁfﬁﬁ o gﬁ@‘ﬁ} id oﬁ&%ﬁfaﬁ&etwlce as fast as
Qmi}@arofawrlé@l opesiansinge emeutmmcaﬁy enzc}om\eolme ragplication of
t {
A ST
¢ GohachoRRlcrhak aperatin typer VABE woukd abasalyohe enéf Hhsgsame
f %‘Tfe%’é %%ﬂldl Bg atcﬁ?e\f%faieél?ttohﬁ?lcaﬂyg ErPSdiatd A8 t%ié‘tr é)?é’iﬁﬁhfy such

V) In the previous cription o
eﬁBBHW%’EO f{%xthqrgl@ﬁée@f a’méaf\s%a\m Bow be pa%e@t@.@ed in
the enmbodinent illustrated in figure 26 and descri bed

bdigure 28 givewemmplheoLaqreferfedembodimeyt afldrmstrel actording to

t eSS N mattr%alt(gseaé‘?aanstgge of system visible pre-set cells in addition
to system invisible pre-set cells, i.e. both system visible and system invisible
pre-set cells are used. Figure 25 in particular shows a I) READ WITH
WRITE-BACK, IT) WRITE and a III) READ WITH WRITE-DIFFERENT
operation. For purpose of convenient presentation, steps handling polarity
switch from previous embodiments, e.g. as in figure 20, steps 2007, 2008,
2009, have been removed in figure 25; further the following description shall
only in detail describe steps without an identical counterpart in previously
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nunber of pre-set cells, the enbodi nent described in
figure 24 will, besides creating new pre-set cells,

W@ apostesa trend towards an equal nunber of prREEED2004/000361

cell addresses in each of the sggnments. Wth the use
of systemvisible pre-set cells, and especially if a
| arge nunber of such cells are created during idle

t '&J}Eseﬂ%d‘@rﬁﬂ)od’i&ﬁ&ﬁs Q@fl%’gzﬂegl QiR r?&?eﬁcéﬂ?ﬁ@ke 25 it is after the

of “oper at
erfﬂ@ausmzéo checked in égepoziﬁ?elfsfélte @é@ﬁsgt anade of yhe first physical

SUefirgds RRRE kT AR-d6t RAseREBLihY atlf’é!aﬁ? AShé eiﬁrsir:rgﬁyﬁﬁal address,

ordlnary wite op eration_since executfon onl ¥
i Ahere/ s pppree 4@ |a§ﬁ1§b¥heoﬁé9ta?@ttm¢eml¢ﬁ8%9@159uﬁ%@ steps 2503, 2504,

Howese 2.5 0NG11E e 18fpabh&d. LI%@feaﬁec'h@%eESHd' 'p\kg/silda‘l’ address 1s retrieved

aclively. sel ect_an operatlon | earl
b ”Ef'é?tt{}’e]rn stepidnd shrm éwfemmt:lemla tia@ Ssgme@\véable queue If the

alﬁh@ﬁﬁhh%@éﬂ 250Ewaedis@ hisditpie S¥EMRLIE he Wohsecutive steps

pﬁéi)é 3204 808 2586, LGLITR D B8 Grbletraufiibcptsordance with

predioimny pﬁéseﬁtéﬁ?éﬁ%dﬂﬁéﬁfsd lIﬂﬂs ﬂféntdlﬁckedqms*téiﬂ 25hetwhether

dv m re
35? f’sr?@w@ Bh8SEaLhadit Bk s oty i afees S mappifg tgble,
S)sshﬁimmgst}bilt eveuld inysdagenthatvihei ;i’rka%d@ rcetisel the |sle§ori9d ®hysical

\/\ﬁ?ﬁﬁe% SYF %E%Hb(%?lggg ghgcualg%r %ﬁlﬂ})ﬁ%ﬁ% are found at the

V\Rbd'ﬁad)lpﬁl?EREl\I?dddmsatheo]moaﬁon (?fuﬂlpcfsle;t tphysmai/ eddesys entry and
R 30,01 S0 R R PRFB  T ckEfaca i

220611 a0bsddizea] ihtormatmensatanmecedrdandel githeh2Similar step in

f lffﬁ%d}% as I'I? da%v\&ﬁqeﬂg tug@@ﬁdlla %%;19 er? B8hhd AP4Ye s{;coqﬁd Sﬂfsical

an | cal “counterpar
praédt‘tﬂ% khmﬁrmldsmcaéoac@mwlm addneds Mappieg tabietis replaced

USSR b PSS e e

I n st
f 2044l iphigureal 0 aQde assult frayatthe splastiveswndinig i steps 2510, 2511,

f ound ; ghﬁ&@&'ﬁ@ lﬁ}ﬁb{ef bt aeﬁ?hﬁﬂ&lb?@g&@%ét fél'TfhfaRr' Fe

no need to a I rst actlve VO
steygtanegd, lel atillzypportag sysicm visd k’y‘{‘dﬁbsed | nst ead
the second physical address is retrieved directly in

st\?éﬁha‘é@drehbemofﬂgtﬁrte As0so i follows Hescrsiomnsf bedreperation
02 shows an unset

If th
SRR S“%Orrﬁe i B ERpPIeRe ps 2503, 2504,
2505, 2506 2507 2508 2509 are carried out in
ad¥oradanite REAR ONGE sudiBAST:4 BRIEES Ftidel thsae operation variants

' %nl@ﬁ{b ﬁ?@tcd‘iﬁ(stéﬁs S3GR 2%@@5%&%@?1%@6 &ﬁ,}t%dcpfr‘ﬁle address

p s] cal dress "has an entr ess HHE
t éBbJ@Ct%(bFﬁbﬁﬂY 9 thess om@mm varians shenkd nohbe siar dem the

celdtenths hitesREeRH ddureéSalot ﬁ@eﬂs%%§ﬁ ﬁt@d in the update of
visible. I'n case qf .systemvisib f qund

s
{ RBPERRTRG sses Anformatiann the asbe?ﬁhm sf:p% PRI HéJtWGVGr if
Piys hddtes8 @UbARS b8 RHEEYAREd and possible to use as any other pre-set cell

address afterwards, the update of appropriate segment information in the last
step 2506 should be handled in the same way as described above for ordinary
operations, i.e. adding the first physical address as a physical address entry
with the ‘pre-set polarization A’ mark set to indicate that the cells have been
pre-set to polarization state A and increasing the ‘number of pre-set cell
addresses’ by one. In addition to this it is also required to update address
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second physical entry in the address mapping table are
exchanged in step 251 and additional information set

WO pooaoswstance with the simlar step in figur ePC/NORIV4/000361

case systeminvisible cells are,found at the second
physi cal address, the first physical address in the
addr ess napplng table is replaced with the second

P rl%fﬁff g{lf ﬁlfsatcﬁ%qgéﬁéggﬁﬁe{ b&ﬁse thfé[gitfl? L @ﬂec :Set’ mark
h aﬂmi theg' Hfﬂ @tt @@éarzmtmn 25 Inarlqmlnesfltsh @hysicail nddress.

nunber of systeminvisible pre-set cells may be
MW It ai ned WRITE T10 PRB@MrBémsaxﬁtthms‘ebahws@ep 2502 in figure

G o O EHTS DbEFatichy Al P bR e dhere is no need

wifolnian dxpliciemadidi togmnie- selt‘é)pemtldﬁ READ ONCE or ERASE /
PRE- SET. For these operation variants only the first

S'An SrERS stoPihr %é Qﬁe RRE cilch %1 ﬁxﬁl‘é;&%@lodg eltnﬁ}%dlment and that of

address_subjected tq any o hese operation vari
sHEWE Potl-dequek gty ﬂPQH@élO@?sm@hﬁ #go hemchiewad bﬁ |u|s1ng system

adds®Is préakhiads basyd ?rb%cté%l e abed]] 15‘ret§bec demaeﬁé fowed to be

t t th t
appr OD%G > ng:gsrhoq ﬁel%i\ggyl% g,a;lglgmglpe;ggﬁal@ger of pre -set cells

r Qﬁi@ﬂ'&bw%%@ia@% %bﬁ‘ceﬁni ﬂh‘éeto@ﬁ RiMbet BehréUset 861 addresses
cel | ﬁddre after ugl@i)e of aproriae

sEBRERE Ysefdorkantt ﬁt th?etqtéls@ 8p 05 pue-sshseHe dees not
h&i&a@kﬁbel Hblbble? %@ftﬁnﬁ!\'ﬁlfmﬁshlﬁj@ﬁ@ﬁ &batp %bbﬂi\étevzhﬁzible mentioned for
i nar i 0 irs yS
g‘?régg)ﬁa% a@ |0famr%'g Elrﬂﬁ}emsmst wgeseakéiaj Wethe
p@lnalijmhﬁielﬂrdeécrﬂﬂi&dhn&ﬁ)ﬁmbﬁtlbﬂ @Vl@lﬁltf%drhall tSiﬁnl-‘eﬁ' tosthe address
have bee t toggzﬁrlztlon tate

| sgengbleate eede S8 auche dSGned ipgofiware
omsedlin the dietvumcbntrbﬂu&g/ntanlagu% e pagive athtiig-agdieteible

C S50 E0R hnd ot B E SRR AN br R AR AP tEgqriable can be

paﬂeﬁn’ezladm ardowernardre fhardwhee 6riestedoleysi aall séolddeinsfor example a
) T

Vg T TSR P N ol R LT 20 o

altowédlyambm ofipre-sét. el addressésambtineethe variable must be updated

e’fﬂlc'r?gfetg \%HE é QVIQ’{ 51}]57‘ ﬁ] ecPRA[Gh 02 '}ne%dgya? 8{1&112%%9 h% number of

Re ac reve € previous
t awileble prasset @Bls.i . e. quick wite operations,
al so be achi eved by using system visible pre-set ceI l's

omt Willptow ibdeshek badednat ebbdphenteiat ekl §¥)§t@ﬁl 2 divMeste-set cells
t here shaqul d al wa

nomE AbgRRal Biiliaes Ganrithban alime: e ol meble Quitk rite

C@@bﬁatmlﬁg Hdwhdlﬁttcﬁisu oﬁErﬁ%@t o¢ll adatdssasiiy assgowed if
e to

sed .to nt r ol | _nunber of .
ot Sl Bt dioersst csliciddietsosedl bG8 4 afedqtermined value.
I|ke for exanple the vari abl e mentioned for
Figure 26 provides an illustration of an embodiment of a method according to

the present invention that utilizes consumption of pre-set cells and which
only uses system visible pre-set cells. Figure 26 in particular shows a I)
READ WITH WRITE-BACK, II) WRITE and a III) READ WITH WRITE-
DIFFERENT operation. For the purpose of convenient presentation, steps
handling polarity switch from previous embodiments, e.g. as in steps 2107,
2108, 2109 in figure 21 have been removed in figure 26. Further, the
following description shall only in detail describe steps without an identical
counterpart in previously presented embodiments and figures. In the first
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storing the total nunber of pre-set cell addresses as
presented in the enbodi nent described in connection

wowdaos/ostegure 21. Simlar to the address nappi nBCT/ADR@4/000361

and segnent table, the variablesgan be defined in
software used in the device controlling/managing the
passi ve matri x- addressable nenory and stored in a

Srg%lz}h 566%026 30 |f?§ur€52'@ﬁ A k&L e ggé)ﬁ%ﬂ?ﬁﬁy ke G skip the

def i ovver vvare orient
st am&tmtwnf of thexHrss| a@twer‘églmeepulsﬁo aKeitbne @ndﬁbeeeby attain

t e ouar uaty &t@@qnt&eléabbhalskép @602 R fi Slirdt d% fecked if the

t ot aI nuner of pre-set cell “addresses an
vaqpedatlenﬁwrlweomﬂpfd Afe apPWtwf Yaipendenrd lﬁnthmtc&ﬁynumber of

Mesria gyt TRl 1Qrexi¥RE Ao ﬂr@ééte@ﬂﬁﬁ'&?%alﬂ%e tRe! el nﬁfnber of rPre -set cell
a%abl e .pre- set i%&g Ee present e
ESH IS desteasedd ys%? étms‘vap dbe &rsts@q:mge b’ﬁlt?ge pulse
anda fb@tb}tﬁalslsd:d €Bh€ aBgt @‘t{ébl 26070’&16@{ 1@V®Ne§§éﬂtﬁ1tg_t ® second physical
eratlons. Fur ons i.on
© MRiegss Hofr tlifocelBE b Re it ader BOF R Rtlsek in the

nwégehd@ftemﬂées dhdivakéds @ﬂdh&ggﬁé ohdy bpelhﬁidiw add/or a non-exceeded
pre re

P iR sh R S dbdt heir® sPlath et imay ilhnpg need to be
t mpmreelsﬁ“rthe Icll’n\zelgtlrvl\zhe trt]]md stp Q6®@sl1omsuhapth@ﬁraf physical
an 1 C on

orioEEts £81dy BRI PSR It BF a3 TR 5080 o ) preesgpcells at
Wtliel fisRt Phy8aakKaddiess WhicTietalndimbet bf pREAE WIT:Hshould be

\A%e-a:*pe!s%’é De 9B %'E%} h8f4. ’fﬁé nteg rfé)ocf'?e g}re& I{V)})lves retrieving

convenlent present
swhe skhcond rplhpsrwﬂ addr&snblffdlt e nos alleV@d lam;t fonapplephe first active

Z%ataé%il@ﬁs&uzﬂ}%ﬁféﬁtﬂ %%@éﬁ?&ﬂ? gl]e\ﬁg gg??:@)pr]?lrﬂgéﬁp% ﬁlare executed.
oﬁlg lye npdatetefi app:r@pmam)eegmeptsf:mry hnfarnwtmmantha:hast of these steps
COMTEEpl sk aFARE M SSE SO TBHL S Aggrss ey
i twrch the épkecdet polarizatipossi marktsyt tcouyiapptq that the cells have been
aﬁﬁlels‘é%ttb ?ialeﬁfizétii@n gia’ié%aa‘hhﬂ i‘ﬁ%ré’a%llﬁga e Pt @%ef' Bf PP Ret cell

hereby attain
@@@ﬁ@ﬁS@ﬁe BY 2662 T ﬁqugda%t seps 209 ¢-2Hcwetignre ?-ﬁeexcept for the

ONGStEdttPR 619, Whd 112 a8bMante SvitlP ESﬁ%E}b@ﬁHl\%rétégé i 'the description
pr e~ Set XC€

n e tQta
arqg”d{;g'éﬁen%eféow‘f@én?@ﬂés& FPRO1ORadsgp e Mseselrstive in
adfRsing Sthlesapﬁ%ﬁ@&eﬁid@és@ ’éﬁtﬂyﬁn%ﬁﬂa@&@”&t%‘ﬁnbh ®or example as

fi.rs ctive vol u may " be pas , nex
S B gho GsvCR REARI vlewiss? hard rimaec B e dipt patical address

addnesis s fpﬁ efﬁlef 'CEHE élﬁ@étthﬂndép%nﬁh %I}Sﬁ@ni%@hlttﬁbhﬁtheb@ﬂeck in the

i f the ch IB 5, ond 602| [
d:ﬁequutses |2>§ ap :1335 fgﬁe 3 1ng{ >@6121§66§0|ent1ry information

profatt eingt phgsical g&drdsb énfthe laﬂdﬁssts:cm p’ﬂgttab& Qﬁﬂﬁelt should first

net. nee ied .

C e S Sa Bieond Rl e ot Sy EIC GRSt Physical address
and if that is the case, the ° pre -set polarization A’ mark should be set as well,
i.e. same update handling as previously. But, if the ‘pre-set’ mark is not set at
the first physical address, it should be made sure that the ‘pre-set’ mark stays
unset for the first physical address entry in the address mapping table. The
second physical address entry will not contain pre-set cells when reaching the
last step 2610 and the update of appropriate address entry information in said
step should as previously unset the ‘pre-set’ mark of the second physical
address entry in the address mapping table.
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address already contains pre-set cells. If that is the
case, i.e. pre-set cells at the first physical

w@dasesws7t he total nunmber of pre-set cells sheci/dOb@4/000361

decreased by one in step 2604. ?e next step 2607 then
i nvolves retrieving the second physical address. If it
is not allowed not to apply the first active voltage

PUbAh réﬂa?eﬁae @hﬁggf*e 5k topve %&gms%égémpt%@ﬁ@ o'frbtfléﬂHﬁgratlon

26 are execut éla proprtate segnment
entatjantafsyppattedvithin ﬁ\@ ¢mbpd Uﬂelﬂh ese steps 2606

conprises adding the first physical address as a

phRg) 6Bl )aRIEAIS GINCB/ oWERA SRe PRzEeSBEt Thekaoipzedti @ variants

or SRR ) Rl s AT cEFAurEes, LRGP e first steps
rﬂﬂﬁﬂa%@o ipvehdap thelfirsaphyssakesdddeys ased tdbe éxwented. If the

AR SRSBIIERR T A0 bf it tfon SEF Ao Wiy ot btored in
i rthbmg/sthemaslappneesetafell‘ adyduess, 2lothtHoywaeeds td he upaated in the update
PSR ARE Sen b e PR BROR SRR b sy O HRIELOR 2665, However,

appr ess entr orna
exidnpe eddsessrshonidd begecognized amid pwsg;uble tplyseas @isg othed pre-set

t r%@tll Eg&es ?ﬁeﬁ%}%ﬂécﬁg Q{ee§ﬁ aﬁﬁfb;p;i‘ e{ié fs?gﬁxe?ﬁﬁnfchrmaéuon in the
| riashﬁepri?eﬁ%oslmtd dE 12@&1216 Théhesame, wapas degeribedgbove for

t f

S5 R, | QT R0 Bl bR G Y8, Sicl
f i gdstreprecntnp okidl the plreesetméargéatlom kmark satijo indisate that the
foelfshl?%xfé b&dn Bfé@ét%J @L%rzsﬁ%nas@&eui ﬁgmalg]ck dsﬁﬁg the ‘number of

case pre- set p arlzatlon
argesat ceil %ddr§&$ﬁ§ bR Inmddiltlﬂg tﬁéhﬁrlé\ﬁ alss) gﬁqu&ﬁd to add two

' fe;%tﬂ?ste@% ev&etl) ke b$ aB@fess %tntf{‘} 1nthﬁnEt16ﬁt1npcﬁ¥ HdeiRbss
addr esg, pre- set

e made sure
namrzpm%y@ &mg&semg ﬂ% Preragt mr@ 3@511 t?lgd@.r%ssgt gRlarjzation A’
| Mhfle ARO2 PERrRRPANEVAARDR. kddifing ¢RI PieSiotall number of pre-
addr eSﬁ C{Z{{ g/ wi.l | not contain pre-set cells when
r s8¢ KEHRAHESIIRY @8€p 2 and the update of appropriate
address entry information in said step should as
preél) ousl y WiEE TRePRE-SEJetBeqrsk odfthe secerd step 2602 in figure

\%%/fﬁi n?1|fd(lei?%2 Pﬁfls %ngz}ﬁdr{]géﬁgmaﬁdﬂffgd\kgﬁ%ﬁ)ﬁ@&i tiablife A3is no need

ure now fo escri’ptions
offoptamegxpd pt mrltgrtO\mﬁrmﬁtoyewarted within the
enbodi nent: V) or V) READ ONCE or ERASE / PRE- SET.

TIEsarope rﬁbm&%ﬂmhéﬁeﬁh@diﬂewbﬁabﬁet@éﬁ%ﬂc@@'dﬁ@ to the
non gr e-set cel

ses rst
PSRV RGO PRk FKes, R P Ea bR St system
bewebbee predet bEllS h&gfﬁs{ g&ﬂa §@bdedcﬁﬁﬁbbﬂoﬁﬁy%t@ﬁ1 imdswle pre-set
aria oul d .not in.t esstem
e R 12 et uE i et tioneh ia e e il rbe 6B° e

i rerhh@dlmmeiﬁttm fofuapdT apilizat ehs Egetethht syndtomaisilole pre set cells may
thg !:gl%un%d Eﬁgsd%c%a%@%n a?r(l)guntl_@i\gure 27 in particular shows ) READ

WITH WRITE-BACK, II) WRITE and IIT) READ WITH WRITE-

DIFFERENT operations. Basically figure 27 is a superset of the embodiment

presented in figure 26 except from steps 2603, 2604, the counterparts of
which are excluded in figure 27 for purpose of convenient presentation.
Hence there shall now only be focused on distinguishing steps: If the check
of the ‘pre-set’ mark in the second step 2702 results in an unset mark, i.e.
non pre-set cells are found at the first physical address, a second physical
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if the address should be recogni zed and possible to
use as any other pre-set cell address afterwards, the

waIp@anso66t appropriate segnent information i n PEENDa®K/000361

step 2606 shoul d be handled ingfhe same way as
descri bed above for ordinary operations, i.e. adding
the first physical address as a physical address entry

W«;Hg({}e%%gs @R 1§v§§tm@ ég)aﬁ@?tff&ﬁ f’ﬁst Efﬁ(ﬁ?{n iR éég%@lﬂ{ fable

ave peen pol ari zati o ate
Aqenck 27e3 elsthegnetiestem g%gérlt oF c]mq.—}c eslaif tb§|c|urrlenr’g O%eratmn isa

g es; ?gﬁ%tn?ﬁ/ agﬁqf tHds@d }[51959515'91 Mﬂlésé is listed!igthe address

requir two extra

eapping ey ¢GRS et rBsHaRy Rugtion is
B%\eﬁﬁtcﬁl f@cBﬂ%sp@ﬁﬁﬁ@eétepﬁﬁ{ Kigané 26hBut i easethe operatlon is a

arization ase an

et inperataek anl 1 KeS pELast lloart s&508 ¥ lfyeil address are
asg%"t&gsxgt%leﬂl&z%ﬁe s¥ps Z/WST B 708, PRB7Shiy Rebppaeedfandhepplication

2 dl
’pm $qur\dayq>15@ge pg{sgp %@97{)%3{}]@%@11%091@( ftomﬁ) Note that ifa
0 gd%ﬁ ceﬂnacﬁifebs fbédamo b@rét@wmed mete qm)eteqi %’@3 2707, it is

a@@oxamﬁxge?ré«é’\f“q%e SouI A GRS TA O o JRbA%H the
S%@&@%@e%e@ gyo&r@mmmm 211 ls)zgtlémT\hleslabﬂ geps 2709, 2710,
5 L 740 SRS e 0. U0 BBk 2510
d@b’ 2125 E2 ﬁl@ IflgMZSL exoppl ﬁbrmtlse lase smpbbﬂlzmm efean 1t cannot be
ur e c% gl'éarl{ttbl :‘féﬁ p&]&ggc%%ﬁhr%ﬂ dﬁ%ﬁfs%?evée?'c% §i s th? update of
\%r_lf_aZEe Iamlélpfsrst ¢ty arfosmationl InREab e TpdeR s&gm@d\d;c handled
Il
ngean%r"f‘ s iy e el I e bnding stp 2610 in

de@ént presented in fi gure 26 except from steps

18?1%%Fe8%d&?8&{1‘% ‘%@[(tlﬁ b ‘Q‘?bqr{naﬁg uXE} Y Ehdtonly make

ur pose o conve ent res ntatlon
mmsnbﬂerte lsmss tnnwconwmmg ﬁtﬁmsl@ocaéﬁ of system visible pre-set

di éﬂé 'P’%ﬁ%‘ﬂgd at gﬁ:sflrﬁt %—fy‘g?caq heekef etdavhen ﬁ'\ﬁﬁte 0 eration is

e sec results’in.an un
i issuedam pr &egeaddmssé alr kavobeen Bfe‘ﬁﬁ‘éd‘f‘ﬂpéﬂafﬂw Qeéaput also in

ag%eegg Bysﬁlgr Pyt ?1511 Eéﬁésée‘%%'eﬂé RAAE Qéﬁncﬂ @t fled Bé@tﬁﬁphﬁswal

t
quddess3 03 Wrieersigt. §ous DRAOY SAeHdsad ArFages to
secgﬁ‘%}{l ﬁpﬁ{ea&dcﬁ‘ésé Sish Mo deRnoRfral q@he%nd/hléh tifghe context of

si cal ress is listed in

edmnent henelits Jrom Fopep ugtmpppst I‘ﬁqi sygtem)ymble pre-set

tEA a&d%@s&@%o%%tgbpﬁrlbﬁty@lﬂmhé abué anddre pﬁ@@lmhdﬂgf all system

steps.in figure ut in c erat| S

eREBigdarics e drdrpssenan Jhe eEm e L Ppd otk an i ysieu visible
%gls%g%%%d@éﬁearaﬁle sys fiesn i 5¢ béteievedrfeosit té)ressegﬁ&‘zht entry in
the segment ta maglle (5) ¥ ag’fj’s gmai%qusalBPe Lafd Wah only be used after the
system visible pre-set cell addresses have been consumed for the segment.
This makes the embodiment in figure 27 more efficient since consecutive
applications of the second voltage pulse to a segment first will be made to
system visible pre-set cell addresses, which in turn will enable more frequent
bypasses of time consuming steps via the check in step 2704 on system
visible pre-set cells at the second physical address.

With reference to figure 27 now follows descriptions of other operation

variants supported within the embodiment:
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of the second voltage pulse in step 2708 may directly
follow. Note that if a second physical address needs

WO 0005050681 ri eved twice in step 2703, 2707, it PGI/ND004/000361

| atest retrieved second physica)-.address that will be
used in the consecutive steps 2708, 2709, 2710, 2711,
2712. The | ast steps 2709, 2710, 271 , 2712 in figure

gg@r S ﬁem%g%ﬂ) Yﬁ\lijlﬁo&eggﬁﬁ VtﬁgE' SRt s%%@?rat &, variants

except from t
2 whouldioatebe axtecumdwon noe- m@smll addreshes, fih sase these operation

pr%%ia‘}ﬁé a?@' ﬂ%@& O déH‘B&‘&&%% gbﬁfa‘iﬁﬁﬁg%é -Set ' dkl ég%o‘ﬂgﬁ‘%‘ should, and

tea
gmtdé, mwbgle@teb@teldalmdﬂh@oﬂw Qi es pfmtr@rﬁﬁe Ko wse ¢ie a non pre-set

dec%?ﬁ_%cﬁ’c‘lﬂe@ﬁ‘ Berd Qléoﬁfgﬂs@ﬁe%%m iﬁ%@%@cdﬂ%@&?ﬁ&@l address,

e | nt’roduce t1 onal

f ilgurthe hirgiand fourtibatep ks 3104eenls ke bﬁpwsds@d directly after

LB s‘é@@ﬁél' (0230 2Pthel AHAIE 2708 %o beSigPIR PARE BRireafter the
cells being found at the first, physi.cal a%@ ess,

WHKthaStgP| &%W@a%h Fomthis OPEEATian BAriant fsr e laasens Ll the address
t habhjbave thery Mﬁre%@top@%tﬁdlgvhﬂhﬁtst dHmed rfmtbeaétéﬁed th the
case of system vi SI e-se S be| fo
{ SR gR g Prey¢tcsal a@@feégsn? ing wsf:il% %Bgrua‘faéﬁi 11} the update of
p@bpﬁaw%g/rnsﬁﬁirﬁ“@irmauaﬁ\iﬁrthagimltﬁ“ thesé BRIRMETU6. tHéwever, if
e M N
acaddséthSrszds s}yeshpdat‘el fe: dqi;&oprla:cjés g&gmeht 1Iﬁfdﬁﬂh@.81f$>ﬁ&ll the last
pr It ueue an e ut . ag o .
o 50eta S 2BB R berfas e, P o SatRe i S cBekriPAT AR for ordinary
qétgjwmﬂhse, 1r@8adhdln§ she fatt plgﬁleauh addrieks as pr;ﬂm}&mal@e]dlress entry
a es_are the fir t 0, he eve
= SHHETBE SRS 5ot MOlideblogn Bl el 16 iicpleMal I getts have been
| peesieblte podhtization staseldy ahe mlst@dsmfg’éle ‘nuen Isgrso £pre-set cell
L8 B, SR B TERERDY RS e
rrmrﬂr}efrffocmamonsmrthe aclolmesscppm gapblle d»atsed)hng ¢he f pee-set’ mark
sea%(anﬁl][ %réas%?gﬁiﬂﬁﬁlt {q %Fnt first will be _rrade
VI Sl

e pre-se addresses, which in

B L S YR R et T2

VIﬁ CGZ”PrIﬁﬁﬁﬂIngC@f t1sis aipetit@oﬂse@ﬁaﬁt tﬁlmem idddedsi.e. there is
rence t t|V\§ure 27 no%{pfoll Ws descripti ons

fnoo{lﬁ%ﬁi %rp%?gfip FIESH BrSEPpPF8HR t hin t he
enbodi nent: 45 V) or V) READ ONCE or ERASE / PRE- SET.
T%@f@w%syscbemv&am@amwhbueldis ordyybo erented yusthgsystem idle

nclﬂn@ givi %%mﬁa% lag%’ﬂﬁﬁ%%@?&e g?e\ﬁﬂﬁ @@s%?l%ﬁeélﬂbbﬁﬁnent in figure

arirants are-use SS conral ni

ce’44 sThebeffen gas teuntdlized i ﬁ:@l@mimaéelwed@ﬁé@ ah@aiaitfhrate at write
t R rhQ¥h S HBESrdRfg frb THE BnbbdifiRht3P1ig0r& 28Vt REEreSET. The same

effect may also be achieved by the embodiment described in connection with
figure 26 which only operates using system visible pre-set cells, i.e. when
using this embodiment there is no need to first distribute system invisible
pre-set cells like in figure 23. Instead new system visible pre-set cells may be
created during idle time for example according to figure 24. It is also
possible that the user when reading the memory creates new pre-set cells by
e.g. using the operation variant IV in the embodiment in figure 26
embodiment, or that the user actively has to use the operation variant V
during idle times to create more pre-set cells in case the number of available
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cell address, there should be no involvenent of a
second physical address, i.e. the third and fourth

WGQL@p/ 020688, 2704 shoul d be bypassed and di r ect PET/ADR@K/000361

the second step 2702, the fifth;step 2705 should be

applied and thereafter the si xt?ﬁ step 2706 which for

this operation variant is the |last step. If the

a t

TGS S YRR AIRTeIy 4 CERBPRRhE! bPRaHe itfoted to do
adidmess not hing needs to be updated in the update of
appropriate segnent information in the |last of these

stlaps systé. witbvelletime petiods aggt @&meﬂzhbud)ﬂtl’itesame size or larger

caRR 20 dus Per gt §nefsit Wi ale bl b3F mBinoay &t the start of

sayerdle pafiod ﬁmappl‘bmmettéﬂ@f thestansd &po? éQBaktwthedsize of data to be
ha ndlted n. thg} way. as descr.i bed (quée for ¢ btain
ortiHERy B T SRRy ® ran g RGPS Propgsgtaf obtaining
acbuilfoemmstlyatvmhyshe alatadabeefos atinwrie wipehatidwes 1sppartisaiarly good,
pal a i.zati o \ I »

hat/ S, Zttrill pér;(etés%?%%lge 3?%1 zére%d Igic") ‘éﬁ vx;rn@ ptel?gtlffﬁs ®Twice” the

i niateaisﬁerng ltetre compﬁred tofa gase- vshcrecm bpamircmsselsslsbyof two active

ltelé @ﬂ?és b0 ftflé’reho? s Jpr?rﬁﬁghgﬁé? S HbRELd fbt'd?g@fsg length.

ry rnformation i €SS nappl ng
setti the ' pre-set rk.and the re-set . . .
pJFlaFr%SEé{HSHgAunﬁtém@ quﬁwﬁb@q@r %SE@%{ ide timese there is a risk

t hef @rﬁﬁﬁ@ﬁ’erﬁﬂﬁs@r@ﬁﬁ%nldf Iﬁﬂegwt%eﬂﬁ anb@xlﬂgi ltlhdﬂgegﬁlehfy $owever, even
oper ati on arla(ré])j< al rea ? there is

ndbribeasr BhSLHN AHLFYSIF VTl e S5t 6oL v QHJdr B Fepsumed and all
bLHyfsme dhvisyisiberedesicelle wowldsatd up lihs sﬁﬁgleb@eglﬁéﬂﬁ, eHe method

s e By e Gt ohe il TRl s aiie PR RS 1R veRy bPeration not

(kj)uid‘(hr:ssaﬂg the selgnnlenz hdldl?ga@bt}mxpmmal qellﬂ:omghe tabeolute worst
ata ra i in

oreSan TR & Y 1diE RSS2 SYReREFRIE: Wher ot MR, altmrgzset cells

m&in the $arrtwse£gline1avand byith b oembaxdmrmemddmemlg] thedseigment, the data

CNESHPE 10 oY 6o 28y S B08531: H Bsen

enbmdninem Int hﬁree werdso applc,yjng ¢hé methodicdtthe oresergyisvention shall

rhvdtsihbin% &{s%'bséeaet‘fﬁh%ﬁta {ﬁetﬂenda( gH{ee 23. Instead new

system VI's re-se Created during
e time for exanple accordin tof re 24, It i
LiAS eauYIe0f & dice fhalgep] bga@cmredlﬁgﬁsr@e present
crigatgSoneyvildigtraet iadissreNB. el desicads tdieidedeinds i@ distinct
[V,in the enbo [ néa{‘fg 26 enbodi nent

varl
oba it ﬁéeaggmaéd%qséléfwnﬁﬁw PlsemahL Mgy aid a memory
vajonardl uhitlUrhegohtbeuhitibserpeets lopet&tiomy @c}wcbﬂs@tfor the memory

ok By S LePIB B LR S hie  wora X
pragdi kiggchltaalditess¥., to low-level pulse protocol instructions on physical
addresses that can be understood and handled by the main memory part. An
operation is scheduled to the memory by the operation issuer, typically the
system, or part of the system employing the device, by sending a command to
the memory control unit, e.g. WRITE. Typically the operation is part of a
software program. The operation issuer also has to make the address to be
written available on the address bus and the data to be written available on
the data bus. After the command has been received, the memory control unit
gets the logical address to use in execution of the write operation from the
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In a systemwith idle tine periods approxi mately of
the sane size or larger than run tine periods and

wob@seswst he avail abl e free nenory at the stareCDNORIE/000361

idle period is approximtely the sane as or equal to
the size of data to be witten during the consecutive
run tinme period, the prospect of obtaining

2%&2?&3??%%? ’ihé[e tl%\ért%iéf:}f P@nﬁ@l ﬂnftgh@nfu@és dhd aﬁdfdse mapping table to
, i cularly,good, evep..n_the :
DRI REEETIC A Ty
g%rg?g?iﬁggnts$ T']hj%r(?atﬁ Q?ﬂfy welitted ﬂe%&fe‘eWtbby' the main memory
_ n consists, o active volt
Cdiarey Trom e shon bt S ey PR Usif Bad Men
lt & ridttél 26868s ahdltheglatahaté eepaviitids teithe logicet address, the
00 shor

JPBETAIDHN ]pelbsnd‘lbqeﬁnt %gcgos@gflglierécflég ﬁ%ﬁé&tﬁh@f' gl‘g@g%gﬁgésﬁfhe, the two
Hoxey eine reanftred uAS endimeaiai mealory sysyemtuiasidsioebe physically
Prﬁ%%g{ﬂdg?t@zfo\sn&%a%& F“: g%mugﬁg%r%ﬂg %@egrzg&ééitcn ueits, but could as
tsg@llfpbé gnﬁegﬁatﬁdﬁ?dhe shmehenit.Fensoma sigptions Ii?m% heveever, be
erformancg for : ! . ;

segreneeRuTa g e BB b (AR RETES thtmtfory
woostrobant may lvontroamyoredihentdnreghysiealsynit emrosigy megory at the
g%%h\%ﬁrﬂ%g{ | SOngh(g%iBEFﬁI%%do&?géya%e'%iﬁ%%nﬁﬁi@t@@%fﬁﬁbre main

.'f" operations a sing t segment, the
dateanost ensghal | at | east match that obtainable w thout
applying the present invention. In other words,

apglothBg b diBERPOE Bie Bbeicerthseithplenventsithe nséthiold avsprding to

in any case be detrinental for .the data . ST
RemBT SOl Y IARTLES HTRE AP BTS2 g S AL S ey difference
Er%ohgﬁir&ﬂ €5 Fiture ReeRt than themaih usémategassesfthgulata 83 the

e de

vice is divided,i nto.t di st : i .
{ ReEPRa 5L R et faltid o dreatoR el fdin Taeibfy ugits only
a iﬁ%@fgcxe tﬁ@ﬁhémgr}ld l@bh’;roTluﬂitg wvitichlinunitt handles mlbremmunications
oper ons s ul e qr_ t:he. r : .
g 126 8ot Sap ey s S BgiTEETR, dyRg heTRHER R ch this
a sbmt(iiorli(igaﬁceéaﬂ)id)ijypﬂlwﬁﬂ@ryﬁssllybetaaﬂqrviml aggtepuicskave one static
pr.of ogol Jinstructio ' d
DaRl R A RePLa g iaees, Uit of
opgerabIpanits is talertucan aioby Hee memoty entrdlelmipangiquy indirectly
i ssyer ~typicall or part of th t
eﬁ%lllﬁgwf%é&f et?lggéls%gfﬂ‘geyy%%%i ng g comand S osﬁeem
menory control unit, e.g. VWRITE, Typically.the.
ope? beiasretfisigyras Rgssﬁ;lgome\,\&l@bﬁf )ég:sg{%en%%wgﬁ)ép pre-sst cells
| SR &stOmhagitle éﬂ‘@l‘s%t tbHs add/@saldwedeninimume number of total

e on the ress bus and the dat

aval | abl tg b . :
el BR G E pabrel SHOTNECE A DU pR iy Tyt e Brsgy invention
hag, JheeBeREQI¥E dndisee uptiaseyl crotiter sike wiithe getrsoryaisage of the
| ogi cal addrgsﬁ,?p 0 use in execution of the wite

o fEFBRYA BN Y 898058 8%s bus. The nmenmory control

unit then uses the address mappi ng table to ) .
In order to optimize the performance of a given memory device according to

the present invention the ratio of visible to invisible pre-set cells may be
selected according to how the device is or will be operated. For example, the
following modes of operation may be of particular interest:

- In a memory with an approximately equal number of read and write
accesses, i.e. with a relatively large number of write operations compared to
a typical memory situation, it may be advantageous to support a large number
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get a physical address etc. according to any of the
previ ously descri bed enbodi nents. The data to be

wowiososwssare retrieved by the main nenory di r eB€T/XORI0B/010361

the data bus. Wen the nenory chgltrol unit has taken
appropriate actions and the data have been witten to
the 1 ogical address, the operation has been

pW%érﬁhﬂle@gré @Q E@i%fﬂlsl?é( dd Be aqg%eeﬂmln'b%? 'oftsﬂgteh’f\@nvmlble

nd¥g-geh cglls pﬁ)¢§Ptdle1BW $bp sysiear may ke dﬁ@lrgn@dawphethahdurmg an
twedhdd £116 'Hmb ?ﬂfda‘h%@f &F il st bé sgéﬂ't 88 d‘{‘@fhlbutlng

be |ntegrat ﬁne unit. For sonme Situations_ it

néyst%m‘olér ekﬁeaﬁ?\f/ sellagamnng the seeapnisand thei ether half on

sigretih 's?stfeﬁﬁivislbl%tlﬁ% 561%11@1% tﬁ%@%gme‘iﬂs‘tARErﬁHii\Iel¥ if only
\sllcon ﬁgl nor e thaeglone ph yS| cal gglt of main nmeny

atSYBiREn Yasiele Prisset cells gecischlyit anty he mdpningseus 5@.%>w a

aFelgively sﬁ{all’fﬁﬁﬁlbféﬁlolf rﬁﬁiﬁﬁ)ﬁﬂlg%aﬁﬁibl Qéjséf cell addresses before

b t of d ce tha nmet hod
Z&&gﬁ&rnﬁglg@glyt ﬁﬁ?ﬁ%?ﬁ%%@éﬂﬁn@ﬁa b Phs P&¢-agt el addresses.

figure 29, wherein the main difference conpared to
&m@mncsy eharacteizedddyna dergsr yuphes of fraveanthhuailalbble memory

t t&@id?@é‘s% Yof HiteChnd 'Tbﬁ 1ﬂlee?%1tgg§‘?$dsncgﬁﬂgf%doﬁ)r rLL{'ﬁme periods,

maln nmenory uni t's onl nter
uAt maywpe edvantagaens maﬁmpé@y aystegomisiblecerer sriselistanly. In rare

t Q%s seq? tﬁ’é ﬁ[&ﬁoéy féﬂf@.@sso LR% 1@% gea\ﬂ&ﬁle l(i}fﬁ‘Y pn the available

ene 1 on | sca
t ypiad éllulny %Veofeﬁ@ &t Gehlsasgpaelad.ttbe M@%r@ﬁeus& will decrease until

| k&l @Ctﬁnteoa@ mtgfﬂs cBbdte 3y pre R8ng8s.i ner ease,
decrease etc. units is taken care of by t he

A L O 1 e
posish syetent hmhlm[bxcer—salfceésl)ssﬁre ressnevislieht.e I Itl@e&BeiltMidIfS it may
?n%(rgn/ %{umﬁcﬁéﬁ)o svfgsdc{%é%%l y:’ls%%g]bsﬁle @@t gl'/élofn‘ggﬁu? average idle time
a@@rmslswtémrmms;bbtmmme)ldjsrtgmtlbmdpatabamd evardyt iwath system

Sh/?siloije B{ee §§1! c?eclgseﬁ%ﬁ%dcrﬁgfedu@nlsrﬁ(ﬁﬁgn%fgx{rgqﬁ%%tzlgle {eﬁn el“yplcally

| ) mcnmrytmtb gewnvzides, leeg paeicmg tmm:etomagangameny mesdrigh
d t

CPUbERIE U URt )t RESHRby YO0 G KDDL 4R biing on
asysie NgSIb]@ prsnsatine laeqnlyéna:s not bwa gocbxé idgreroataddeast the
F%m%%%’ Eﬁg\&tetaleveﬁﬁlelfei‘“r&ﬂﬁfmﬂgstofgl Iﬁﬂl%&t 6Pﬁre”§‘é’t &41s should be

articul ar _interest

aﬁ%? Buirlydiighy e guel adansdimefstorage demcwthc anethodsafethe present
11‘i3‘:'eﬂ”[?i<§ﬂ1 c&n bel @%H"t@' ﬁicfé&rsg &hé lé%?z[ll ﬁﬁté"f&it& ?iurm(gnaverage use and

t1ons conp are yplca menory s
9rt§§r Htﬁfﬁﬁ%ealg’éﬁwpﬁ@)d é@sﬁsatloas vty élgmﬁs@nmnounts of free

memory that facilitate possibility to build up a buffer of pre-set cells to use
for fast write operations.

The present invention teaches two basic approaches to device optimization as
regards creation and distribution of system visible, respectively system
invisible pre-set cells:

1) In this case, the future use pattern of the device is well known or at
least constrained within a certain envelope which permits optimized
procedures for handling of system visible and system invisible pre-set cells,
as well as possible allowed limits on the number of total available pre-set
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of systemvisible pre-set cells instead of a |arge
nunmber of systeminvisible pre-set cells. Accordingly,

wo b@s/yesEm may be designed such that during aPCEXOR@GM00361

idle tinme period, half of the t} shal | be spent on
distributing systeminvisible pre-set cells anmong the
segnments and the other half on creating systemvisible

Pr&1feto ‘B%lciﬁsflﬂ&i 51'?(? g?@%ﬂﬁ}géd ifild ﬁfen@é\h\églf}[o% the QRdrY. The start

system vi si are used
adneghtdgee@m@bwaélqmw at thelpaint of yirstrase, lnmﬂﬂ@mo@‘ or Te-

{gﬁiagfla%na\()ﬁ" It%?hlreottﬁéteres%nﬁ hkatWéjﬁﬁéa?s%n l?)?ftﬁé eV1ce

ting an decre se of the total

of pre-se addp,es har acter
oyiB Far oin iR oftis Rltteiae BeBefinr Medfig & SnidiSHm or may
ad@rgms time. Thist 8, haavdded bygnaldﬂng Merdbvpeé lautiﬁnatlcally

run ti it may be. a eo
FBRIS" DA Ust pEBR! BiCackibe dE QS fRT I BRpE-sot colls
caxsre&pmﬁfgutrhé aceonding ne\aarmpteﬂnmlcgehgcfnthheﬁmgraﬁﬁded into the
Qﬁ qnt on the avail able total nunber of pre-set
s reached, the data rate just will decrease
until there is time and possibiljt create new
pr&hsaia deyics that ymplements the mqthOéﬁwhpéaae@tp@ma% fajnicated, all

PeheMory @ cHBaViAt ty‘fﬁeal‘l}hﬁe @eﬂﬁf tﬁessavme thoI¥8 01y &S] Howeve1
sSs evi dent. hése s ion

rest s are | tua
ﬁay 86 ofd a@@é&é%i&%%ﬁéya‘@ﬂ a%ﬁlblr?ea §Y%ﬁﬁb9€ﬂ51&>ﬁ%ﬂ e numbers

duhén@fatheygdcifie rhede of ioperditsr asibsskanste nﬂéeﬁi Rb€be configured
pre-set cells can bf di st r| glt ed evenl

P iaicbses it i Qs Fiot, vicy 1P G&R GHIRGSriblsr LRereed o
| eoafigliretiba rdflthE)dEVq?t & Inayadbaraone ﬁt leferLseagey\%d %eﬁfhen first using
stora r as..hij r oba
ot g BT ¢he BRxfise capmiy B Vewatitipiet HinoRyLa LAt
reI ing on systemvisible pre-set cells only rray not
% ayBages aéahe orethed peeerding éo iheiimventaon umdude ghakling a
en%%qh@féh%etd}tc?a{ta %HEb@}F p VIHEI?% §§ff1&@hjc Settl %Otlﬁ!n@s BE switched

s t fairly _high. such torage devic
t HRCTHETY 681 @Wlth@tﬁhémd ﬁOﬁ\r@mm@h’ @érpdwmgei@ ays between

| RpeeASOnd hd QVBgklpuliala rate during average use and
further increase vvrlte speed in situations wth

oS AP R  t pe HEL ARty 3 thccBfseif fiyEngion have
usbeeﬁanerﬂiaened\m tennpeiai watls prefeup desornsions wdirieferred
t {
- EORRGEnle s BB PR R RS BB St B8

r espBwsizeal:y systeminvisible pre-set cells: i) In
this case, the future use pattern of the device is

vel | kngumaey call Amﬁescwmsbeahg@%u%a%ﬁb ﬁ%&@gxﬁents which
proce

envel ope perm.ts opt.
hah &P%&’lﬁgeé%? 8¢ virs wil s sﬁ‘?@tﬂé‘?ﬁ %ﬁ?@%@lenumber of
P&iftesRld ® fatigue.

- Up to twice the data rate for write operations by utilizing system
visible pre-set cells.

All features and steps of the preferred embodiments disclosed herein and in
the accompanying claims and figures may be combined in any relationship
except when such features/steps are mutually exclusive or may not be applied
concurrently or in connection with each other. The preferred embodiments
must be considered exemplary of the generic and principle aspects of the



as well as possible allowed limts on the nunber of

total available pre-set49 cells, to be defined and
w@e@dgnssied i nto the device fromthe start. ThECENARE04/000361

m ght be at fabrication or at tgg poi nt of first use,

installation or reinstallation,~0r at any other

re-configurative occasion of the device. ii) In this

c t f u f.the I.CE. .
R T e BRERRE iy Bl PG il Bant 67 il Pon
deaxianeplasy preacnteal ¢mbadiapents| desciieedifamtpest ardhsteps thereof may
dayj ] [ . - cell: L
o FRlp S R A R A s i e 83 RR, o siilar purpose,
programed into the device. Wen a device that

i mpl ements the nethod of the invention is fabricated,
all menory cells will typically be set to the sane

pol ari zati on state. However, which cells that are to
be systemvisible and systeminvisible, the nunbers

t hereof, the specific node of operation to be used
etc, need not be configured and set up at the sane
time, even though it is possible. Instead the
configuration of the device may be done at a later
stage, e.g. when first using or installing the device,
or it may be user initiated after installation.

Advant ages of the method according to the invention

i ncl ude enabling a general increase of data rate by
providing sufficient settle tines in swtched nenory
cells wthout the need for routinely introducing

del ays between operations and voltage pul ses. Further
advant ages of the nethod according to the present

i nvention have been nmentioned in connection with

previ ous di scussions of preferred enbodi nents.

However, in particular the follow ng point should be
enphasi zed: Menory cell accesses will be distributed
among the segnents, which in turn will reduce the tine
until a cell reaches the critical nunber of sw tches
due to fatigue. Up to twice the data rate for wite
operations by utilizing systemvisible pre-set cells.
Al'l features and steps of the preferred enbodi nents

di scl osed herein and in the acconpanying clains and
figures may be conbined in any rel ati onship except
when such features/steps are nutually exclusive or may
not be applied concurrently or in connection with each
ot her. The preferred enbodi nents nust be consi dered
exenpl ary of the generic and principle aspects of

t he50
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nmet hod according to the present invention. Hence any
parts of given exanples, presented enbodi nents,

wale@sisdset features and steps thereof may be re@i/A0e4/000361

by alternatives serving the sagg equi val ent or
simlar purpose.51 CLAI NS . hod for reducing
detri ment al phenonena related to disturb voltages in a

a(tg hpEage apparat us enpl oyi ng passi ve
mat ri X- addreSS| ng, particularly a nmenory device or a

Sgﬂ;Of slgew ‘iﬂdﬁ&%rﬁ Iygléigh gl%%i% Bé@g Flgell”égigg to disturb

st\mltmsllﬁga g&ta stat aﬂﬁarameémp}byang pp@sﬁv@nrdiﬁkgﬁddressmg,
val u in each wherei n ea

& retgaluly ot OBRpY feuloeut &retin daliies, WBruih Japata storage
ﬁ&lmfay'aﬂmtcﬁﬁmpdls@xm phuttaling of\isteseshge cpHSs ot Bloring/ 1azical values

ferraele tric _or. @%ret terlal e in,the cei1 fihe d
ar®® §ify8iYaf F?e%‘f’s"p S alue, Setyin tVheksdn each of the data
wgmaomgm (Bﬁitshccﬁﬁ%oﬂaltssi aﬁwﬁectmeallprmﬂaﬁzm@lepaemory materiak

ressabi Q
oo RRER, blartrasts, PiiEflarty o JTRELRRE! skt omatorial, wherein
sethe oeflsrare physecadlyedisp osiad imbHne ac m et matecey, ovh eledn each of
i el ! el i.
RSk OB Pl LA R RNy 1958 L ohere
| iaachedfetbermatscesncbmpasing a ifirsteasd ecstecou@ﬁ@mlaode set wherein

g[)tﬁ{‘é'e??&r&@%%é‘&l??&%%ﬁ%h?éﬁdﬂ ﬁ%&illre?c&%ei‘:éeﬂ&?fél%‘é&todes
stforaeg vedriddlings amd tl@pﬂreatsag f@mmmgeb]mlzrms sherein the word line

CaaGrb@Es bk ﬂ?§hﬁ% éle@%fd(fég%ﬁé %r@vi\ﬁ%h%sﬁ}xgt&%g other and in

menory nateri a et ween or e "crossin
| |d1é@ctamndmect rertachingtlc the penzery m@teélatlhwhemmaithe data storage

| %?fsp(ff"@lepéﬂgﬁ'iﬂéﬁ@tdre '?e%@édaﬁs e uPaQ‘é’i’t&CHEQ el Eﬁ&e&é’ﬁ%ﬂ ina

by applyin n active voltage p a vol tage
atdeme plate memasEBatesial hictwgen o et dap srrisHyes of piaad lines and

CQﬁf Ginkg aﬁﬂ%hrlb& sét 1@ éitl?ér (Hh@t IRBEDIWo FBIAT24 on states or switched
ti}vvenavvor ean l'ine and over t
st

dat
twepn é{effl? g %@éﬁ@? Wosage\ittdse P aa\qutage Vs larger than
apRkiceRtd¢ive \»Qflta%leeVE rcb@rd@?bﬁ&iﬂgaiost}féoéﬁ&bi% $lecic field of the
addressin ng and i’ﬁ}‘té %t jectrl
pdREmOry miat Sgﬁ )i wtegnag Vore pibit lipg aad; over{ge data storage
?d&é‘ll%@ﬂlﬂ@d ﬂﬁt?ébé'dv@ébrﬂrveh@r@m gﬁ|a|p@‘ﬂ10laﬁoﬁ of electric potentlals
i me-.coor di na manner accordin a erm ned
SRLGE dp 8 HLPoRBE overeha At dBatHY S Frigichptentials
a@p@&ﬂeﬂd) a:liitv\a)rﬂtamh’@ﬂ loeds| 1ntt<hea1dfdiré§§1ng)@bafati@i aﬁmcontrolled in
{16 b¥n%€ g i rst atlvF vol t@ Bﬁu sqe N4 1
ol BT R B EP t%?flerd%ﬁ@ﬁ ghi%ch PEH 94 he agé pulse
dqnetmt&ﬂ; on t he vol t age puI se protocol can be
connect ed VVI ensi n r det ectl t he,. e
otarroEneh vy RS RIRIRD At LGeBeuielf 1 ¥ fisyypolarization
ursdizte tey peans @ff at fiest ietiarei \m’ltage piilee fin tké¢ addtésséng operation,
during which each bit line dependent on the voltage pulse protocol can be
connected with a sensing means for detecting the polarization state of the
data storage cell at least under a part of the duration of the first active
voltage pulse; applying dependent on the voltage pulse protocol a second
voltage pulse which can be a second active voltage pulse of opposite polarity
to that of the first active voltage pulse and switching the addressed data
storage cell from the first polarization state to a second polarization state,
such that the cell being addressed is set to a predetermined polarization state
as specified by the addressing operation, providing the data storage cells of
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vol t age pul se; applying dependent on the voltage pul se
prot ocol a second voltage pul se which can be a second

W@eisws065Dl t age pul se of opposite polarity to PEENOQG04/000361

the first active voltage pul se d switching the

addressed data storage cell fromthe first

pol ari zation state to a second pol ari zation state,

S

ori00 ot bidrdBe aBparatt BCAOEHES TalvE ARkl -AqBessing, in two or
addpEse eﬁt}l@fplé‘f sepasatedbsegmentsgeadie s@nan'scm@@n@ hlsgparate
nﬁsi&ﬁ g?lgcgsssls%ﬁc%% ARRAAA Y a ‘Ig?}ﬁrzﬂgs p@?@ H%Rcting data in the

X-a two or noreel

s @glaragseng wgﬁaimrs to aseBmead ithat issehestedibaged ovdpdprmation on
pﬁﬂ'%ﬁﬁid/@g@EE@C&JI@Q%%%IRBUBH@ ofalcaivelwilagR ?\H@% A ¥ segments.

and directing data in"the addressing operation to a
segnent that is selected based on information on prior
and/ or schedul ed applications of active voltage pul ses
i n2t he Aegethotdsaccdrdiaigntet dlatmagcor ding to claim

OGRS AR SR NG SRR AP
plslubgﬁctwﬂlé@ ¢he fabl acterd pubse, W’rmplhyallamlllsaaidhe@ysfcal address of
ﬁ% OLR&! c&f Iak% g & s@tr o) él‘ﬁ%%l‘t t‘?leefntsl? ?rolguhfatgél{ ?{ate or to t]%e second

rrzation
amlam@aﬂl@m: atase alnd aereslegatedtmca ﬁgnemﬂt diffexant Hen that subjected to

S‘fﬁg?gfgﬁgcﬁ{?ekfﬁﬁa%ébﬁfls@c“Ve vol tage pulse. . A

accordi ng alm, characterized by
pI|C| ring i.nfor th on cells at a certain
dr ess&éﬁﬁ? %5$1§gpti° >o a polarization state
afche[‘acﬁérlaed lb\yesmplidl’ag%tmhg enfﬁfrnﬁaggﬁl W'c@llbta‘l ah@gtain address
‘at .the a

bee ied to each cel

~GEOrGRRY §5 BRsToh1a o EnlarZetion S HySLEbALtige YoHage pulse of
i shnrenpoliaoity dias thieen ippliedt topelchr ¢edbat the sddiess.wi t h

reference to the physical address of the cell. 5. A

met hod according to claim3, characterized by

rétri e\A mgethbd es:t:orchdgltnfaiannt’il on on the poI ari zation

th d t .
S GPEAEI280 49, S48 SIREIAISEbh e oS BEEPTAEH 835 win
byempnm tngthdqphpmtalomkireseoﬁmhie aelli ve voI t age pul se
Wi th opposite polarity to the first active voltage

l5| se iA nidtoBRcoAdinBabahBAI, on corresponds to the
st olariéatlon statﬁ anda mgthetﬁ)tlonal
schrsiaes yshiggesd Firdrii ra%tl%par 1e\pojarigpEon state

f ipiir taCdulbyectndd hagd touihesdcbnlRdlige-mifke pol ari zati on
corresponds to the second polarization state. 7. A

Mgt hod AGEahdhNcbRifikd Bl 5,
characterized by applying the optional second active voltage pulse with
opposite polarity to the first active voltage pulse if the pre-set polarization
corresponds to the first polarization state, and applying the optional second
active voltage pulse with same polarity as the first active voltage pulse if the
pre-set polarization corresponds to the second polarization state.

7. A method according to claim 3,

characterized by removing the stored information on the cell being pre-set to
a polarization state after subjecting each of the pre-set cells at the address to
the second voltage pulse.
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characterized by renoving the stored i nformation on
the cell being pre-set to a polarization state after

wa@asestesng each of the pre-set cells at the apPdr/a93004000361

t he second vol tage pul se. 53 8. nmet hod according to
claim 3, characterized by storing information on the
total nunber of pre-set cells. 9. A nethod according

tqg cl aimlﬂetm(%trgfﬂgz@%g md recting data in an

addressing qperation to the segnent with the |ongest
t iRerastapiged it stosinggindompeidor @nt thedntalorumber of pegrect cells.
pul se. 10. A nethod according to claim?9,

characteri zed by using a queue;, putting a reference to
tE)e se ?t%?@sﬁcqoéé@&‘lwg@%j]ect ed to an active

v lhlaa@eAubd by @isbctife Ut AUSYadandsies 6?@[‘&!’[1%@1 & the segment
refﬁ %ECE to tge segqr\rcen vvbth t he | on%es tine since

be¥ B BOPRETHAING SHIFSA@s DeIngLTEIceiedtoran aetipe ¥pitasn pulse.
in the queue. 11. A nmethod according to claim?9,

cHé). actemethddmccsrdimigty clefrer%nces to each of the

S . ! n e, i tiQn

PARerigbd By RIATRN AL bl e bbb b seamsnt grost
neceritlnesbiedionyta an @ctivenvbltageharlae lastiindle ppeubend retrieving a
addi : o hoi o ;
praracROgty oL RLERELC BIAE U AUREnf SiRCORBERE Subfeblld o an

t iagtiyedadseframdirss pgaision kcthesguened/ or | ock state

mar k and/ or physical addresses to pre-set cells in the

r dfler encegethedribrding/torclaifiog- set pol ari zation state

mar k_connected to .each.of the physical, addresses. to,.
Bt egRd B 13ring SRetenteoileia) AftaOSErmRRn o “sogment
c haivla¥ tveith zeld i tign aleimmbyimagtidh e ophysicdalo ardtr e5theofeféRR@ces.
cell subjected to the second voltage pulse fromthe

t : ording to claim 12,
sqanments Hahhed a%%oa@ﬂl%g&?ﬂglrﬁqq 9

characteri zed by addin e physical address of the _
c&hpragieyized oy the addétipnalsnfamnatien beingigambher of adgresses with

E%@e%@g BBNS ih @Y Befetncel {E?rﬁkffﬁ FHOEF ﬁh%tﬁl@pg(%ﬂggf dégment

aracterjzed hy settin ock state mar )
s@gReIstan Pé?%ﬂ%@tart%ntaﬁ %’@Z‘%ﬁh}’f‘d%}l addiygssest toeptier-seftcells in the

agtfernded §SEReRUAR® 0Pl Pridtsct PRMIz P 28Re mPardPRIdRlted to each
t in tgarse ment” corréspondi ng to the segnent

0] cel
erZ]P%ﬁ sicad addressEhBIPEESk flly to clai m 12,

characterized by updating the tinestanp of | ast
sédgmentA anthed actorlinggoehaim 12,

characterized by removing the physical address of the cell subjected to the
second voltage pulse from the segment table.

14. A method according to claim 12,
characterized by adding the physical address of the cell subjected to the first
active voltage pulse to the segment table.

15. A method according to claim 12,

characterized by setting the lock state mark of a segment reference in the
segment table when the first active voltage pulse or the second voltage is
applied to a cell in the segment corresponding to the segment reference.

16. A method according to claim 12,
characterized by updating the timestamp of last segment access of a segment
reference in the segment table when the first active voltage pulse or the
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reference in the segnent table when the first active
vol tage pul se or the54 second voltage pulse is applied

W0 2008/085T i n the segment corresponding to thePGBYORIN/000361

reference. 17. A method accor disg to claim12,
characterized by unsetting the Tock state mark of a
segnment reference in the segnent table when the

di JelBhERAtRRINREE 1§?lg£)ﬁt@ﬂ tb ia@elf‘ﬂfﬂ%ﬁfﬁéﬂ&%é@ﬁ@s&g&ding to the

| ast segmen ccess e segne nce exc

a SSeatEtiaefergaaCval ue. 18. A method according to claim
1, characterized by storing the physical address of

t h7.cel A methodcdadriing feclkae@oit] vol tage pul se with

FLERER-04 FodeBihehado B Mok SPBER! Pherence it
cfwgamﬂﬁrtabkedwhynlsthe difflgr&rgcg bﬂ‘ty&@enaﬁurmﬁgﬁhﬁe aMd the timestamp of
r ol [ ress-in an "a ess .
T RS e T A e e ———
coraleet ed to each of the physical address entries in

the address mapping table. 20. A nethod according to

claim19, characterized by the address |evel
i Nfé%r ned invethiodi angoadimgetosedpimer,k and/ or a pre-set

DYHRRICEHiEOR by ShfpBRe ARSIl gEER T/ FIFSORGR e to the
sts6EPRg vohiagaduwl e svithapifienenacatol teilogical asidresscef the addressing

L¥righher than the data storage apparatus enpl oying
pagsi ve matri x-addressing. 22. A nethod according to

claim1l char,acterized by not, Jisting a predeterm ned
nLﬁOer ‘%Fn%tlg‘fifieas%&a% Or ?gﬁtléeel I's in the address
nehaiagetiadd gy 28rind t_l’[et;ﬂl@)di@ﬁ @dd%s@ _gNitF 1@5@%%& 90 the logical
characteri ze retrieving the sica ress Wit

t E@di%ﬁ rE | %Q%rles]s MHBHES iq%wef r"gﬁ?{toﬂ?iloé’@g ragggesr?alﬁﬁFﬂg

t abfarniziar eomptyd g eabk dfiths physidal addpdssagrripslis ¢he address

a . econd vol tage pul se. 24. A nethod
aglg%fﬂggg?%‘cl aim 23, characterized by not applying

t first active voltage pul se and bringing the second
vgl%t ageA BRgt edraseapdiagi e Ctlﬁl_ﬂ’ﬁ 1% fi nding a set pre-set
MehbrdttedBed By THE A &GCRVE MFolRatibRIUBIRS a pre-set mark and/or a

pre-set polarization state mark and/or a segment reference.

21. A method according to claim 19,
characterized by storing the address mapping table in a fast access memory
other than the data storage apparatus employing passive matrix-addressing.

22. A method according to claim 19,
characterized by not listing a predetermined number of addresses to pre-set
cells in the address mapping table.

23. A method according to claim 19,

characterized by retrieving the physical address with the address level
information from the address mapping table before applying the first active
voltage pulse and/or the second voltage pulse.

24. A method according to claim 23,
characterized by not applying the first active voltage pulse and bringing the
second voltage pulse forward in time if finding a set pre-set mark.
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characterized by not applying the first active voltage
pul se and bringing the second voltage pulse forward in

w0 2008/05(0651 he addressi ng operation is wite andPCT/NOb@4/000361

address of the pre-set cells iszdisted in the address
mappi ng table. 26. A nmethod according to clai m 23,
characterized by not applying the first active voltage

pulse aq@_lﬁll%th J&o}&ﬁ%gst%cﬁﬂﬂn‘%l tage pulse forward in

tinme if ressmg operation’is wite andlf t he
t sharagigrised byingirappipingdiel fissd dctizeawlings plse agidringing the

prs%@@ﬁ& rv'@lﬁgg I}(ﬁbél ?orvggrd i H&%h@%é‘%ﬁﬁf%‘sﬁ% Bgef‘%{tﬁirﬁis write and

characterized storing t ogl ca
paf thepddress @fithe sptf@TS&@éeHéllEF Ksted mh@em@dgﬁ@%ma@@mgé&ble
corresponding to the | ogical address. 28. A nethod
aQgor di nﬁgnue‘lholiaicnbﬂdmcghﬂrcﬂahﬁrﬁ?;;ed by distributing

ora S e SR S e 6T 4Rl el e R T hripeing the
wisenond voitage rhilgh ﬁmrvpmdamj mmeaﬁehaaddmsa’rgeopaQMmms write and
or-f !tl{g%gf]hﬁhf%ae%?)g r}ﬁ g%? RER- ad%%e L5 TRL Rod . ag %[%'p? et@rmined

by éxecut I'ng a rea
veriaﬂlee back operation in the segnent with the | east
nunber of pre-set cells. 30. A nmethod according to

clgim 1A n@é’cﬁbd@c@btdﬁ% t@yclﬁfrﬁaltSI ng cells that are
rglflset to(ﬁge same p rlza ag state at
D GhRELetiged Ry S aNBeithrdoaehaAGr e RE Do BRER ridotprage cells at

0@1&@ %hy@ml adére3p airfgpohdingrida ldgmcdlfmic&em nts.
nmet hod according to claim30, characterized by

apl yi rd t t4i ve voltage pulse to
eg(%h ce Pb %Cgog@hg to M?‘Eﬁ 1A nmet hod according to
clchamcerized bwahs@rblﬁertg b@d@@s@cwhngeatre@chdmﬂlew pre-set to the

t Qﬁnﬁﬁ@cﬁ%ﬂ%a%é@té@%ﬁ@ﬁ%tth@ %%ﬁ&%fr%;%@glﬁg o Igﬂel Wheft'no other

according to c
i MpekeTBriarife OAgraitdTsy areaygoihg @riihaninens in dhe |Svgments
voltage pul se if the second vol tage pul se of the
pQ@cedmngqeihedatbbomlngrtoaflmmfz8956 predet er m ned

sl BESeRBRR Biac i L8E-ARCh et foh 5 the scgment
Awnith Inlm:i lesc andibeg dfopret st ells.

30. A method according to claim 1,

characterized by creating cells that are pre-set to the same polarization state
at a free address during idle time when no other higher-priority operations
are ongoing or imminent in the segments.

31. A method according to claim 30,
characterized by applying a single polarity active voltage pulse to each cell at
the address.

32. A method according to claim 30,
characterized by selecting the address in the segment with the least number
of pre-set cells

33. A method according to claim 1,
characterized by imposing a delay before applying the first active voltage
pulse if the second voltage pulse of the preceding operation, or any of a
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characterized by inposing a delay before applying the

first active voltage pulse if the difference between
wa@osentest i ne and the |ast tine the segnment WaBCT/NO2004/000361

subjected to a first active voI§ ge pul se or a second

vol t age pul se does not exceed @redeternined val ue.

35. A nethod according to cIa|n11 characterized by

bef ] \
v edgpine E ittty e PRk B ARa R R AR AP BEE B spo same
ars@gntmltlaasthetaummrttmeldsex}mmglbpwailcsubj ected to a first
active voltage pulse or a second voltage pul se, does

225%%?%3{4%‘*”?{%‘*?#%%@ B . ed by vl tbn

[ r| ze

p%ayaq REZefl b mapasiog Ay av%ff EP& luﬁﬁq hésqq astie voltage
Stiflge 'ﬂaﬂi@ &Yfér@ﬁc@ B@ﬂﬁ@én b@rr@ﬁt ﬁkﬂﬂlﬁl £6d et leﬁ%tttﬁﬁe fthé Ségment

active vol ge‘agbg lil has begn uns and/ or ﬁ ?

o SR Sebigelstionh fret sk pofiaes anie ot heesond volaad pulse does

Me{dt exXlcebBe HrRAEBnihed kalselbj ected to the second

vol tage pul se has been unset. 37. A nethod according

tq,)scl a'X‘rﬁeth%ﬂaiﬁ%}&{ﬂgﬁdclggnalnal yzing the consecutive

ope€ration or dnber of consecutive
opémamt@ngedéfyolmp@smg@t delgy teéoraapmiiingthyr sensindgactive voltage

ﬁﬁ{ 184 i Pthe gf 1@n9§ﬁgﬂgeﬁeﬁf@hﬂﬂn{@aﬁ& %éna"s? tlme the segment

acteri ze sel ectin anot her segnent
admasas,@@@ctgd tOhaa foshaeitvr WBa%%@Nlﬁq @tha éfecmd é(oltage pulse, does

apﬁﬁ%&%@ﬂ%ﬁ%eﬂ%mmee%@w i ve operations for

i cation of the second voltage pul se of the current
ad:dér.essAqget%%%rgctcocr)crlllng to claim 12,
characterized by waiting to apply the first active voltage pulse until the lock
state mark of the segment to be subjected to the first active voltage pulse has
been unset, and/or waiting to apply the second voltage pulse until the lock
state mark of the segment to be subjected to the second voltage pulse has
been unset.

37. A method according to claim 1,

characterized by analyzing the consecutive operation or a predetermined
number of consecutive operations before executing the current addressing
operation.

38. A method according to claim 37,

characterized by selecting another segment than addressed by the consecutive
operation or by a predetermined amount consecutive operations for
application of the second voltage pulse of the current addressing operation.



