Non- swi t chi ng pre- and post-disturb conpensati ona

pul ses FI ELD OF THE | NVENTI ON The present invention

concerns a nmethod for operating a ferroelectric or

el ectret menory enpl oyi ng passive matri x addressi ng

according to the introduction of claim1. DESCRI PTI ON

OF THE RELATED PRI OR ART Passive matri x addressed
nﬁ@-a?m«‘éxlegrpéa apd ppstdistarhegompensgtiongl palses i or

art. shown in figure 1, it is typically inplenented
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ot hglhe preksm lhyemﬁmaao@éetrhga%@ehoaqghbpaauhg adfefi®kldcfic or
matrix o I 0SS- 80In
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of the matrix. In the follow ng, the horizontal and
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ceIIs ematerlgs bet we

0cr olBion e TeRlretan s Of SHbe-DHHE HeEcHt st fdigvaliy fepessed
or elestiiceally basehenhwe exoabieon af sha apdrepsateocicatradds! firdm the

upo @d %ep §f 'Tﬁgﬁ{a)frlg e oin%“%g S{he%rlzgﬂ?alt %dt\}'é?ﬁéal electrodes in

abi | Yy to r? aln a Ogl st afe rep resente
pol Qr&uéeat i Gielkhareferrad ta@s apwsd é@eéf angh pb}téale\? ol iesRfssively. A
or Cdifer ot ﬁérﬂo@ldclﬂﬁc OB Rhycyred @vitetal M@Eﬁvﬂﬁ&b)éhﬂ@en or at the

15POtent ':r%l ettsf gﬁc%n’ﬁ%gg ?}ge%cmﬁ)% rlllEeV\é% ct&re rﬁl %ipfl}nrégas memory

ferroshectric or e At er ar '
subpelds, @retformnd an deg maéerﬂalémwpﬁapr gbﬂﬂ@rcap&esngs of the electrodes.

pol The iRkl MM RTPVISEs B epeeﬁletsyast lhaﬁlloag niht&y Sk %bﬁﬁér§ non-

curve or.a portion therea A relev 5% é’ﬁ %7 to ret
cur Vet e e B v isehtEn SPe. di ISLarhikgy to retain a
vol iegje stateshpraseited tiyaal pofarizatio|see in the ateleded of applied

20' ea§8ﬁ%gEé7§ of 9&1‘%@1‘1‘1} s?0%fe n@n&yﬁ@:@ QWBQI? rf% é@ten’c d

e cor coer CI v
i Hlfé"r‘fPﬁ’éPS BPYERSD; BFP eltﬁé?fOéﬁSaﬁb? éerpgel sﬁmowrrf‘de%tret materlal in
SWI tichcaldlié aggetidd)io Qtﬂeélearféefﬁaﬂ)thﬁtegdnerithﬁ alﬁbw[z&tlon response
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essi eads
man OREEtigr Sroaved ia hHgee %Wﬂngm thegforpaspongingeldltage is shown instead

25C0 ”'BﬁﬂﬁadeI&tﬁsi‘f: gﬂtelécf g&gi‘régﬁir?e%‘ig%dg‘%ﬁf‘éngﬁ ﬁ%&lek@e&hﬁgﬁfé Soercive
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co FeRF Ghok 6 (b S0 eAb oD 0T P SuFIT B b P bt digggion, for
t ypexahpiapy appheaganyitchresitage &) bvef a hitensrgl eellatie memory
t yp@el’l Raft Mftyﬁi@d 1e>fhinsa ‘&%Eﬁé&‘ﬁ}glé’ @ta?@ q’asﬁ\(fgla\ﬁg?essmg leads

ecting one
Jto simplicity of manufacture and a hlgh dens1ty of memory cells compared to

30 active addressing wherein active elements such as transistors are used to
disconnect a memory cell from the rest of the matrix when appropriate. The
typical way of reading a memory cell of the relevant type in a passive matrix
is destructive and involves subjecting one cell per bit line to a predetermined
voltage sufficient to switch polarization state while sensing released charges

35 on the bit line, typically by using a sense amplifier connected to the bit line.
Write-back is required to retain the logic state after the destructive readout.
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vol tage sufficient to swtch polarization state while
sensing rel eased charges on the bit line, typically by
using a sense anplifier connected to the bit Iine.
Wite-back is required to retai2n the logic state after
t he destructive readout. The anount and type of
stinul us subjected to . a nenory cell in a passive

matlhiexaEy é8d Amcofygimeks ééb’dﬁ%d d0 3 EROrECN 81 f PgeSive
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caklestric petentinlsi gy vmrédrr@mangl bit Hmewsﬂma@mep ghHed the ““timing
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pr ¥pbases. iThept pigra mpmbersefpules nf@mq%hpm%aql i pripRArt, some

ar @o ﬂieﬁéﬁoﬁiﬁ?)att{iblﬂﬂear@ [Bsdode @ﬁlrpkhéligfs&;intgaf@lioﬁﬂts granted
atents n n passive
r%{/ Flélo 2}12@% Cf%ﬁgg%%t line electr ode | s
n for aII d l.ines and an ar
of 4 PASHINS MRS AGTSHBE: 31 POGILEATY %ﬁfefgne shet &rmﬁﬁﬁ perimon for all
t hatordriacdrand aadciribidtarg woay lget ekictredt asl codnemony fdrtadbleit lines.
glultTgﬁss rﬁéﬁesa@lg# IS d Q<B4 QE§§§ﬁgy %@% Lﬁeétgd V519age pulses are

ari zation s nwant
pulagpbediéx aqufrlefrﬁ@dmlla i REdIre alker fheir R%}Bﬁlé%ﬂquys@w Un'wanted

no%ﬁdgi ﬁfs@@* o6&lrtifig iRl aRoil eRtla)ri% efypidadly ern@r&addressed
urb vo

st uth. vol.ta ul.se nmpl.y
- iRl e horbat Fersmsd iR LS PRy olisedh B MR pulses”
namedlrl‘lpllys tdisthtb, pulsek’ndiw phor opasgminvia graerali pften named
add‘ﬁfs%t?r’bﬂ sARbve teR a%é%e h?at@u@ Mm‘é‘imgfanﬂeﬁaé 48 t§ adBumber
ef fects. g g%ect g_ Pa33|ve matrix. o ¢
th& P@g%t\’/‘é%fl £ yhiscty e %‘t@ Gedlsdng RS ppt et (e
by rebeeatitatypeareofubgtated todewpntlenditagsV, byaoditatiah of electrode

;/ glg @e%%sal%'m fl’a{cutoflgl \Loqﬁ%éd leﬁrt %‘alﬂpftirvﬁf H:f %tgglgsteﬁgéé[éeé c@Hs at the

tua
f r semediae Monedgiyations itk bﬁ Khesesirapiéonad soltages Hiat

di gbHirbuted th@gﬁosn eb @1@& aﬁdlrlawamgé bercbfveuhaj & @bll Ol 1@,
as a s

d| urb val,t m.t
fgﬁ?WB}f,’m ag tagel ﬁwgﬂ V‘(g@ gﬁ flggta LRSI “fPac tional
unardungsédd aosﬂb&l sgtinatibn e adwhes sect @jls\mlp@ﬂ et teaffapsed svhen

ar %t@&@eﬂ% $gd a@tﬁgss%ﬁl a%?lt &fl:ctt@drts Q@ééﬁee 3 S%Wtélpj?oltage However,

vol t age., ver, IS
i St i3 BT AP A é@cmféwtl 805%% gva fo thy pature of
pa$asmeennﬁncaﬁsneonpoﬁamnmpanﬂrmppentannﬁna&@ﬂmﬁmngxs

natl‘é(ﬁli(ctﬂ)%b(;fe[?ﬁ%:aﬂge e?fe{;ﬁdd'ﬁ%t tb O8; s?&rbn&cﬁﬁggegefo‘?f nglﬁﬁ)?e ﬂ&ﬂ Keeping

di $hedistyb \t@@ggs alt 10&&%3@%&&@“&1% o3 TI@MP@N@@% patent no.

Norwagp 2diRadsehh pilse protocol thuat results in no disturb voltages on
unaddressed cells during concurrent readout of all cells along a word line.

One negative effect of disturb voltages is partial switching of unaddr essed
cells. Partial switching pertains to loss of remanent polarization whern a
memory cell is subjected to an electxic filed below the coercive field. A



314524 di scl oses a pul se protocol thxat results in no
di sturb voltages o n unaddressed cells during
concurrent readout of all cells along a word |ine. One
negati ve effect of disturb volt&ges is partia

swi tching of unaddressed cells. Partial swtching
pertains to | oss of remanent pol arization when a
memsisfurtey 91tage may feice@annls Pariad etV iIsh & Menpery o5l igvhe

t he dgeetich \¢sevdd ) the #ﬁiaﬁf}lJ(ﬁﬂJth‘éQi_lﬁtagﬁplﬂa@’, thag r€Xanpd the net

part | ry cell i tion |v
by hete arb%]hg}l 1{15& el?m(go%%g}lﬁ}/% aB]E]Tlcatﬁ%n f traga ot Qow the
t he cpercipoialtigea coorspanding ta did coeCare @@Ld,lm@ therefore diminish

5ap p lth & BbiaRafbn V& hade nﬁ’éih&%%e@?ﬁrﬁh‘éohﬁ@eﬁﬂ%ﬁbﬁ{tecannot be
voltage, corresponding to the coercive field, may

t he®%r e di nminish the polarization set in the mermry

cell until confident readout cannot b. e_nade

contii fambeRatign withHhe ﬁh@%ﬁ@mh%flmﬂr}ﬁsr hriingla déstH@q pulse may

di stelueﬁ) lmdes @efTain @y@ﬂmswm;refsarttmnﬁ actidetn saMeh ol

resu in ci.dent al jzat.ion state

o ol O OfE it RhnaB bl Talri B rfupyRelbRlLEelts that
10t hatremeirainne cwtan@@ﬂarmammt@tmfzaa m@nocé,toéttlenff dt ngnifests itself

periz9q Hankb i®thd stwﬂ?@rﬁhg %§$I§ert15§ %«Jhtil e%% tHe ﬁp&@&%&é SurB8hifts so

switchin rties r ‘ﬁ% &aj@eremczl curv

ohi 5 &0 diprEEse e CHE%‘é%ﬁ K ef&@é(Fé DSy I%F@em}éﬂzatlon

wherliewtibn bo tigattoppopitd ar theatiiewiodi wieae Ith)&’lrriat)arid’l&ias resided

Oppl‘i’iglh(‘gl% JBQ 11rngﬁnﬂhé %%hoﬁnhi’\@ﬁire? vJol?gsd [@?E% ﬁBfa aﬁ@ﬁ has 2 tendency

res npri ntln
15t he tp SreQE gtuckrin ﬁh@ Het?‘é%l @%@9@ ttdap éémllg‘weé ko mﬁtthes ome
di r ehé.qn a\mﬂ:{eeoﬂ ﬁ1a§@$ucl’tevp ofhbover a‘thé@% sﬁv@t"chsaﬁfl'ﬁlprlnted

o Stk tae? SR nheS; R a4 i e SO o P BBl Rttages in

per itbelfameriimpring dsengon.i asg. a distwbrvodtage.| Avivstuedypulse may
the g QEIBRE a'cHifa"ehﬁfllydMl%{ ﬂh‘érbelleoag;k 1ﬁ‘ 115 ﬁﬁ it dl?c!aétﬁﬂleif the

A di.sturb t erefore acci

20c¢e| Ilmﬁélé‘Re‘f fg%e%‘{ﬁf inst gef; e éﬁtﬂmel?lP‘f Ee‘i"ﬁéﬁcﬂf’éd
cell does not first get time to settle in the new

di r &Natjohy mNeta disfupb rpa@/seaa@il%qn@ffclhv pliteea aeenefericdl, disturb

SW: }@hageme@ b}iuﬁﬁéd calwdstsueﬁk V@iﬁﬁﬂ@ﬁlh@d}ﬁﬂ)rmﬁ@lé fhay mask
a

char s 46 BE selifenimn el o RO H Rar LE T RRem of disturb,
The ippetiicararofor die snaals, case, maggrmtedrmﬂ@lrgetmessfnenktrlx

25¢as %trubﬁué’@@z‘itﬁ\ﬁﬁ&&ddisﬂnbé& ﬂ?enﬁ’&%z%el’l@ BRLAdEs I ST WiRth er
cel | srrper addr essed cel |,

Anotcifésﬁp%’ff‘g frii’r? FH’t léd eLAHPR HHIEN e} e HT S Temaining in the
cur meattig,after ehe apyliction ofeamedltagegpilse dmbthamtecay @ldterely

tr gﬁawy c%%ﬁaqg\ﬁl P(I th% &llg&lfctet gg? ﬁ%e?e%a@%efl Q@hgqﬁg%QWoltage over a

rel é84eR wy@éﬁtlalp ﬁwyriewg rgay §pgeigenbipégriege gwth consecutive operations

30Rel axatit ﬁf’thﬁwféﬁl’ﬁﬁemﬁe&quhﬂeﬂg@ degipd reg\ileF halteinvérihls between
consecutive OQ P
operations to uce interference of lingering sneak/relaxation currents,

which in turn results in reduced data rate.

In US patent no. 3002182 (John R. Anderson), a pulse protocol is presented
which optionally may have what is called additional “bidirectional”,
35 “disturbance compensating” pulses added on “column electrodes”
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and it is therefore often required to design regul ar
wait-interval s between operations to reduce
interference of |ingering sneak/relaxation currents,
which in turn results in reducedd data rate. In US
patent no. 3002182 (John R Anderson), a pulse
pr ot ocol present ed mhlch optlonally mey have what
s %%F?Sé’&naabﬁ ta Bhdines)svdseaeiidha | Stovem@fte@a%%é@rrespondmg

conpenedte oiErafionh)s e'ﬁalmﬂ@ﬂlaﬂﬂae Ceffigotiof dlsturbmg pulses is

e! S APSASRIES RROLDG L0y Bl LbBES)o SHRSSANERELd Beer
opéﬁﬁmﬁd) By un@d@ﬂeﬂngcetllhaifhc peoblﬁnﬁ addrestediby tAndsrsan is the
ggt‘?ﬁ‘écﬂ c?lfd&’ﬂtsflirHﬁié”)bLﬁiésmvﬁﬁiheﬁs uﬁ@eﬂéﬁﬁ)trc]leﬁﬁoé% fhe loss of remanent
g Leben fi'e §aﬂrﬁeﬂ Faen sy gsgﬁ%ﬁ&a}@@ﬂon is

i s gliven dxeﬂfee‘dhsmfrbmgsiomﬁ@nm;mg phudes,” wikich lippesrs a large degree

ungg Eéﬁr%‘ﬂldpﬁr% e*iﬁgﬁh% é}ﬁ%ﬁeﬁéerse MR n&ls%ﬁ{géfﬁqhg’{k a‘#fﬁ% pulses”

to par er, no decent
i s SEFHdR beriargebed anlé/tfef Hrenyp ce d g arder Prrioerll caé%loswnub h

ap paafesson’$ af)gﬁcadﬁﬁf g?lrjtgl@r mel cﬂeﬁhlﬁkﬁﬁlseﬁmlv[de@aén t]fgeeréa%ure of

Fo s BAREEailo mir P oo Bir e BRR o oh P SuP i B Ben
di @@H@@e@atiqn phelwaginlagatipp bux:mnt@ and Poratteationris paid to imprint

de%@fcbﬁtlh%nhlﬁnﬁﬁé’ﬂ wdedaiemirbines patste o f the
bldlrectlonal pul ses, nothing is mentioned about

gﬁﬁhh9 QXO@OﬁH@ﬁ§@¢E§q¥@N-sneak/relaxatlon currents

no attention rint effects in
c oBI0R 24 BIHSAPFHOEP SthaY® Prggsi s Ercusgbommrniorzipgeisturb

]|c WENZ%Q\'I\FB h@éntadd hMé@ﬂtlﬂﬁ@t‘c@Q@?ﬁclth&f&M BREhék/relaxation

ocuse urb vo e

nogtiER SaMe NoTud b Bk ieth Brtdob AER st QP ifR pfReprotocol
cutte egtnedy Sorhdermo Mith tmmadnapelmasatiex brspldukitedaibal switching,

speat fighoRH 'taﬁﬁn@{b?éc%ﬁﬁbnst 6n FREREY O &!%ll@élﬁal"\é\{/f‘ﬂchmg due to
| oss due to parti al tchin

renmant arl.za
but™RFh g’i’ﬁl VO ée?rzl?”é% SHP?Yé?@l%??Wé‘CF‘?%RW&Fa rate, Fence the
acaiadepbict ofithe hivegtidués tooprionpide nievwaatficietithways of voltage

Se8Hh 00, FRAGEL YB3 L DS LSRR AR AR cubRAREnd Adout
BB 008y YRS g SRR A R bEs

ef fvahaeé rwdwélwvlag fvbhtgag@d@éﬁﬁt@ﬂ Wmlneatéby sm@@ @@nﬁgeducmg

I nekféetacer d@rﬁas H8eRKIINE laad abéidre@l $eREBinsivecaddeifrint.
val ues and allowi ng for higher data rates while at the

SanBetdhdRe BFLT ial gveﬁf £seﬁfrﬁ169fa(ﬁéﬁdg%ls a%\ﬂ" feghirB9a@Nalized with
accid- _ental "switching due . to i rlnt

obpdRethad agepiding tq F}}etlﬁg?n“a‘a\/ﬁ‘ﬁ iﬁ%gs%’dﬁ ‘Eléacttf‘&Faé?éeréFé‘g portion
r ealf izdghendedt danetihod according to the invention a s
di scl osed in the characterizing portion of independent

c| §RIEF. DBRICET PRESSROF TTIPN [$k ATWENOS AW NGS

The invention shall be better understood with reference to the appended
drawing figures, wherein

fig. 1 shows an example of a passive matrix memory with memory material
located between and in the intersections,

fig. 2 a principle drawing of a hysteresis curve for a polarizable material, .g.
a ferroelectric,
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The invention shall be better understood wth

reference to the appended draw ng figures, wherein

fig. 1 shows an exanple of a passive matrix nmenory

with nenory materia.1 |ocated BPetween and in the
intersections, fig. 2 a principle drawing of a

hysteresis curve for .a polarizable material, e.g. a

f ehitodI Learqde Rqtgniiad eyl forofie BeREHiste palvEPy % ghe problem
t hef simmuleaestislygvwatdhiiig addres stdheels dbheassive matrix to opposite

Si p‘Hiatrf’zﬂ%H%téfessw tching addressed cells in a passive
matri x to opposrte pol arization states, fig. 4

rel.ati,ons bet n electrode potentials in .a passive .
e £ RTRS SR Se P Bt B mgBuSe PR Rpine
s e hppliedicadd ® ssgdhinglvadtagé itg. sebectad @ddsmsded oelps,i n t he
passive matrix during an addressing operation
: nfigudingclesadoioypEn dinelphdat ingtriaf duvdiglah adéses si]?:gtop eration

[ - S t r act.i
celfopdRE ROt GRLIrtefbn pECY brl IHEEAENNE, g blcord bells
cl dxsnintespctions he passive matrix during a disturb
generating operation cycle, fig. 6 electrode potenti al
| efigl Sbawtlivogtagenoslateditd chickgoge peoteatich oforposlbdédstampbin the

gg{ah&dvé }ﬂgitrfii dﬁﬁh% laﬂk%@? gél%?dtﬁii%ér%ti%h%@%feode

entla or a close op I n the passive matrix
durj_n e - d] y £i9...8 :
ol 12 P oo b SleoRRHRE 803 2L RS BBVl fpibbtre Vo e
f odishugbudysde,pr ot ocol with a single pul se pre-disturb
cycle, fig. 9 electrode potential |evels during a
nofiigs Wi detlhwaltpges eclatddbaleqinede pstantinls jai @closed tpaphia the

agpgs I éﬁﬁwi?!duﬂﬁ%%%%-eﬁﬁ(ﬁgr st didinfs c?{l@, unaddr essed

I nes, g. el ectrode potential”levels and
ul i | , '
[T BRI Ot e8RS PP BRBLeED e
poptotarel with acsjegle puljegpreqdissndeeydele potential |evel s

arxd resulting cell voltages for a pulse protocol wth
a $ign§ldepuideppertialilsvels bucyd e nanesvaitshinglpee-puider post-
poaistﬁﬂbS@%wuﬁﬁg e Wiih8 phlolBi S ERAARIebd Fbel likds and

el ectrode potentj al evgls and resulting cell voltages

f oPnadggpssd WOk HaH with a single pul se pre-disturb
cycle and two-pul se post-disturb cycle with

al figr A Qtaleriraded adeniiad dey iy apy) rweslting cell voltages for a pulse

protocol with a single pulse pre-disturb cycle and a single pulse post-disturb
cycle,

fig. 11 electrode potential levels arad resulting cell voltages for a pulse
protocol with a single pulse pre-disturb cycle and a single pulse post-disturb
cycle with time separation,

fig. 12 electrode potential levels arad resulting cell voltages for a pulse
protocol with a single pulse pre-disturb cycle and two-pulse post-disturb
cycle with alternating and decreasimg pulses,

fig. 13 electrode potential levels arad resulting cell voltages for a pulse
protocol with a single pulse pre-disturb cycle and a single pulse post-disturb
cycle with a single polarity end-pulse.
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fig. 13 electrode potential levels and resulting cel
vol tages for a pulse protocol with a single pulse
pre-di sturb cycle and a single pul se post-disturb
cycle with a single polarity en@-pul se. DETAI LED
DESCRI PTI ON OF PREFERERED EMBODI MENTS The present

pas v AHRE PR B ERP Rk eral Ep B B oB bty

i nt dthegiredeatt it ventipnedeints appleabiliy ivaldenttiesef of gassive matrix-

fir 2)'&1 Cfgeprgfo%éﬂ bﬁl% ﬂﬁ%@%&%&@({lk Of fnf}&lysp {(;brbcﬁ‘% g> deesegjc ¥1V%gt10n will

descri
Fi réhergfme firet b%dﬁs%ﬁ@ dnae mrlarfmhlmbeﬁqrp lgivag getgrletailed

on desdrgitadnsuTpréfgrdiedhpPodintags. used in the
application. Coercive field (Ec), and the

COr FESPORL R AT é‘:ﬁhé@e&ﬁm@é&ll bea%géﬁ %‘Pﬂj[és{gnta{l%ns and

hystere5|s curve o I'S not necessar
conQF@H%““ﬁﬂﬁ?gﬂ%ﬁ%%ﬂﬁ’BEWW@-does not for exanple show

ti me_dependency and nost of the relevant materials
shofagreiverfield (Fyhtandediescayepspansling ¢eproivi vegltage (Y, as shown
dur a tmlyy‘teﬂeeﬁ ot d aﬂﬁgai@,@wﬁ@t ﬂé@séa%‘l@%ﬁéth!ﬁteA h Reresis
the curve 1s ng onI en i.n $e vol t.a g ﬁ

107 11T 1995 ot Extrple P “’5’%;51%&’8% St AnEOR G ks felevant
vol negerigly showhhﬁﬂ'ederhélystmeslabehawmhlt dapentimgedn theaturation of
af t gfe ﬁ&@%&é& o‘%ﬁréc Ma & ?1]%1@ i RRACRGE '1§Hoﬁ£?l?'d%§endmg on

over, t y terla result in
t he thf poltage evel Eéluar by qoquﬁ of (ﬂ]illls @@Ph@ﬁ’fl@ Ve ceggeive
t hevan@gé €V vablodDBe pednadd 4 Yoltowd 1 bl that ¥kt @ﬁlﬁldaﬂﬁil for a

ZP ? gre ege Il‘l{lgéé) %nlqoaglrf%énee?é%egg rnﬁ%:rﬁor\éorlxpl%t%g%aw(gl\f{ ri;sutrlfgm that
WI | halfediihe dipelehate Isplnlajmtdr int thegtirachien diiyes! b thei aptplied voltage

ﬁ?bﬁwﬁ ol arized in the direction given by the applied
voI age polarity even after there is no longer a

voI F%?clﬁﬂ k)o?ﬁge?@@ ﬁ%’guth‘f Q{)}[}gsﬁ’o%dh%glbgée@ﬁ E.Is a@o‘f‘t@%é level

arger Than
cor thad pdiea eppHcafiamy {pgaeprer siseaingineaiagss stlléler"‘(/lél reﬁw épthat a
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oper Rer ation I eSS
oo PRR A b d o ORRRE b O BRI B ESia Paphas pmilicd. The
i nt ewitcbimg mltme‘éJ wilg hlangs@ tgr laggardhan peequl dp iVzatinorgual V,

st abgd v c%rférsﬁgﬁdsetro'ﬂ r& QRIS h}%té}emp)ﬁuf\/‘%ﬂ%}ﬂ& Bpically is a
A VO ul se protocol” (or a tim ng

a
dlaa*ﬁ’ u?ﬁﬁﬂ?ﬁ??@ defi nes an addressing operatlon in
ternms. of voltages applied to bit lines and word |ines

as M{lméﬁmgrvp@ratlpﬁés appBpEtionPciddressed cgllpare. agellpor a
vol bag® PULEE o GtlbER it isamtpesifidht@xditbaedeal, change or alter

the polarization state in a predetermined manner, e.g. by reading or writing.

A voltage pulse protocol (or a timing diagram) typically defines an
addressing operation in terms of voltages applied to bit lines and word lines
as a function of time.

Operation cycle is a part of a voltage pulse protocol, and is for example a
read cycle or write cycle during which electrode voltages correspond to a
specific and predefined set of word line potentials and bit line potentials that
result in proper cell voltages for the corresponding addressing operation.
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read cycle or wite cycle during which el ectrode
vol tages correspond to a specific and predefined set
of word line potentials and bit |line potentials that
result in proper cell voltages7for the correspondi ng
addr essi ng operation. Addressed cells (Ax and Ay) are
the cells targeted fgr %n addr essi ng oper.ation,
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passive matri x. Addressed word |lines (AW) are the
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soutabdRedf Mhiri. oW word addressing there is only one
addressed word line at the sams time in an addressing
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I Nntigeseeic b einseih Gehddesing yp&aiynand Ay
respectively. In the majority of pul se protocols of

t 0%&&?@58&%5?& BYREUWL) L the SRR 1R BEY ork fifintersect

generi ¢ principle for read| ng the polarizationstate

of uBa¢@epsedLcells- apply a known switching vol tage Vs

over the cell, whereby the cell is switched to a known
poAdidressedobit Jines {BAT ard BLiyd ase thechiadiges that éntersect addressed
detgigd sﬁltypgAglaﬁalA/}e{dé tanaey.amount of rel eased

charges indicates that thte cell has changed

pok@m@ﬁl (gﬂg%f?u?s%ﬁ}@téc%l@of f%lday gl i¥ r St fQSEDt‘HE‘é of
careS| he ce areayvvasse to t
poPBPAH1e 15 EeaIS T IRFBIC o EeadiBh et BUIAG 7 adppatiate of a cell is

votd agsly d ]ﬂl(ﬁleaWchmgn‘aﬂfal % [ hoveritlse talhi whdrely the cell is
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Concurr In a so
hl?e charges are sensed using a sense amplifier connected to the bit line.

Typlcally the same predefined polarity for the V; pulse is used for all read
operations and typically one cell per bit line is read in paral lel for reasons of
efficiency. Often all cells along a word line are read concurrently in a so
called “full row read” or “full word read”. The result after reading is that all
cells end up in the same predefined polarization state, i.e. thhe described read
method is destructive since any stored information will be removed from the



called "full rowread" or "full word read". The result
after reading is that all cells end up in the sane
predefined polarization state, i.e. ttie described

read nethod is destructive sinc8& any stored

information will be renoved fromtheread cells. There

is also non destructive read where the pol arization
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30 (1) V(Ay) = ®(BLy) - D(AWL) = -V,
(2)  V(Ax) = ®(BLx) — ®(AWL) = +V,
(3) V(Dy)=®(BLy) - ®(UWL) <|V|

(4)  V(Dx) = ®(BLx) — DUWL) < |V,|,



(4) V(Dx) = F(BLx) - F(UWW) < |VC ,where |VC < |VS

and F> O Referring to equations (l)-(4), the voltage

over an addressed cell that shall be witten and set

to polarization state Y is give® by V(Ay) and the
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arization state X is given by
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ap pbbl‘é@f‘zhﬁ@n @faté Feaft lﬁﬁtloﬁ‘lok’ aQiA¢ 'flls%eglsécoﬂd §tep tf(lyﬂaovvs
unaddr essed cel be “subj )
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vol tage gre
30 example a +V; pulse. During application of the +V; pulse, all other cells, i.e.

the unaddressed cells Dx, Dy must be subjected to a voltage not greater than
the coercive voltage V.. The non-selected addressed cells Ay, that shall be
kept in polarization state Y, must not be subjected to a voltage greater then
the coercive voltage V, in the switch direction of polarization state X. The
35 situation in terms of voltages for application of the second pulse is described



the coercive voltage Vc in the switch direction of
pol ari zation state X. The situation in terns of
vol tages for application of the second pulse is
descri bedby the foll owi ng equai®ons where it is
assuned that the addressed cells Ax and Ay previously
have been set to polarization state ppl.i cation

of ty theviellgwing eqyajjongvajare it is@spymed t flt@(tAse)adérewé
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cells or no disturb voltages it is required to set
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centered around F(AW), and at the sane tine
| ocBigade Atillustditss Hreceduations Ghir(§) AWLSL swomefram t«betfegure some

15 50! M0 RAUAN 8RS hodofinfeddeks ed that Vs is | ess
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25 To be able to solve the equations it is required that V is less than 3*V..
The distance between ®(BLx) and ®(AWL) will always be of size V.
®(BLy) has to be located within +-|V| from ®(AWL) and within +-|V,| from
®(UWL), i.e. it must be possible to locate ®(BLy) within both the lower dark
grey box centered around ®(AWL) and the upper light grey box centered

30 around ®(UWL). By studying figure 4, it is found that the first solution will
occur when ®(BLx) is located at ®(BL,,,,) and when ®(BLy) is located at a
coinciding @(BLYmax2) and ®(BLyn), i.e. there is not a solution possible



light grey box centered around F(UW). In that
situation Vs equals 3*VC. For situations where Vs <
3*VC, it will be possible to produce nore of an

overl ap and consequently there Will be nore possible
solutions. In the Norwegian patent no. 312699 it was
shown t at_ the | east voltage attainable over the cells
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Soi't BTG BHD RGBT ID bF B bl e okdiahginus the
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30 When voltage pulse protocols with a discrete voltage levels are used, it is
favourable to use voltage levels based on V/3 steps since these represents
the minimum attainable voltage drop over cells.

From figure 5b it can further be concluded that sign(V(Dx)) = -sign(V(Dy)),
1.e. that the voltage over Dx and Dy cells are of opposite polarity, for all
35 cases where it is desired to keep |[V(Dx)|, [V(Dy)| and |V(Ay)| below V/2.
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cases where it is desired to keep |V(Dx)), |V(Dy)l and
| V(Ay) 1 bel ow Vs/ 2. Even though disturbing voltages
have shown to be inevitable when it is desired to
apply switching voltages to only a selected part of
cells along a word line, it is still of interest to
keep the disturb volt e pul ses. as sna. || as _possible.
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Figure 6 is illustrating equations (9)-(12) in a corresponding manner as figure
4 is illustrating equations (5)-(8), and correspondingly figure 6 will be used
as reference when the solutions are investigated. Since ®(BLx) and ®(BLy)
30 both have to be located within +-|V| from ®(UWL), since ®(BLy) has to be
kept at maximum | V| above ®(AWL) and since ®(BLx) has to be kept at
minimum |V | below ®(AWL), there will be no solution possible for
distances between ®(UWL) and ®(AWL) exceeding 2|V,|. This is shown in
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of sane size but opposite

Assume the disturb generating operation cycle results in +V(D) for Dx cells
and —V(D) for Dy cells. (The opposite polarity is of course also possible and
will in the following only require minor changes that shall be apparent for
the reader.) According to the previous discussion it is desired to use pre-
and/or post-disturbing pulses which shall be of same size but opposite
polarity to the disturbing pulses, i.e. in this case that V(Dx) = -V(D) and
V(Dy) = V(D). According to what was explained with reference to figure 7,
this will result in that V(Ax) will be in the direction for switching to
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V( A@re%tibﬁ‘é@?blaé%ti}(ﬁ e 7.0, 1.€. voltage pulses on

addressed cells are only in the switching
Another benefit of using a pre-disturb pulse instead of a post-disturb pulse is
that the previously mentioned dwell time between switching pulses may be
efficiently used for something besides waiting for the addressed cells to settle
in polarization state Y.
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possible read operation that may follow in or close after the disturb
generating operation cycle. It is possible to wait for sneak/relaxation currents
to diminish, but since this will slow down the attainable operational data rate,
it is of interest to speed up the decrease. The main part of sneak/relaxation
currents typically origin from application of voltages on unaddressed cells.
The polarity of disturbing voltages will, as previously shown, depend on the
voltage applied to the addressed cell(s) along the same bit line as the
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35 between bit lines. These are factors typically are defined and set by a lot of
other requirements, e.g. requirements on integration density, chip area,
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pu se/dlfference of smaller area. This will be achleved if the electrode
potential level, i.e. the quiescent voltage level, of the electrodes in the
adjacent inactive passive matrix is set to the same potential level as the
unaddressed word line in the currently addressed (active) passive
matrix.



passive matrices cl osest |ayered above and bel ow t he
currently addressed passive matrix, i.e. from passive
matrices that are in adjacent parallel planes to the
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Figure 13 shows a preferred embodiment using a V,/3 based pulse protocol
with two post disturb pulses and where the last of the post disturb pulses
35 has the same polarity for all bit lines for better control and consistent
behavior of lingering sneak/relaxation currents. The figure shows both
electrode potentials (P(AWL), ®(UWL), ®(BLx) and ®(BLy)) and resulting
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ot her words provide a data independent effect but the
effect of faster decrease of sneak/relaxation currents
may be | ess conpared to a situation where the polarity
of the post-disturb end pul ses &b5e data dependent and
may di ffer between bit |ines. Advantages of the nethod
according to the invention include enabling nore

rel @b adouts which for exanple will allow for an
increase in data rate. Further, nmenory cells will be
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polarity to the disturb pulse produced on the same cells during the disturb
generating operation cycle with a pulse area of substantially the same size as
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operation cycle but of opposite polarity, and preferably producing one pre-

35 disturb pulse on each unaddressed cell with substantially the same magnitude
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characterized by each of the one or more post-disturb pulses being 5-20 times
30 smaller than any pulse produced on the same cells during the disturb
generating operation cycle, and/or producing alternating positive and
negative post-disturb pulses on unaddressed cells, and/or producing the post-
disturb pulses with less pulse area than any preceding post-disturb pulse on
same cells in same post disturb cycle, and/or that the last of the post-disturb
35 pulses on unaddressed cells have the same polarity for all bit lines, whereby
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13. A method according to claim 1,
characterized by producing one or more pre- and/or post-disturb pulses that
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