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found i 20t he Advantages ef thds iangngaoke Gnsdgesinmplicityuef manufacture and high
density of crossing points, provided the functionality of the matrix device can
be achieved via the two-terminal connections available at each crossing
point. Of particular interest in the present context are display and memory
applications involving matrices where the electrodes at each crossing point
25 sandwich a material in a capacitor-like structure, henceforth termed a ”cell”,
and where the material in the cells exhibits polarizability and hysteresis. The
latter property confers non-volatility on the devices, i.e. they exhibit a
memory effect in the absence of an applied external field. By application of a
potential difference between the two electrodes in a given cell, the material
30 in the cell is subjected to an electric field which evokes a polarization
response, the direction and magnitude of which may be thus set and left in a
desired state, representing e.g. a logic ”0” or ”1” in a memory application or
a brightness level in a display application. Likewise, the polarization status in
a given cell may be altered or deduced by renewed application of voltages to

35 the two electrodes addressing that cell.
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Although general applicability is claimed for the present invention, particular
focus shall be directed towards ferroelectric memories, where a thin film of
ferroelectric material is stimulated at the matrix crossing points, exhibiting a
hysteresis curve as illustrated generically in fig.1. Typically, writing of a bit
35 is accomplished by applying a voltage differential across the film at a
crossing point, causing the ferroelectric to polarize or switch polarization.
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35 2V /3 to 3V /4 on the non-selected cells in the same row as the selected cell,
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and nBI e In case the voltages across nonaddressed cells do
07 cARbfoidpfEnds

not sig Vsi2, where Vs is the vol tage 15 across the

addressed cel] during read, refresh and wite cycles._ In a second
advant ageous %@B@cﬁhﬂr&%elé?tmhéch@%rfpf@ﬁdftﬁémﬁaﬁJ@%OﬁlwmcHWHRD 4, and

nBIT = 4 area&ﬁd@@h@&nh@ d@@eqeséd\mmpmﬁswrmw nggaddEeTaHas Srl)S Bo not
signifi cantly exceed Vs/ agé:g’ \rAP‘FSts is the vol tage.across the addreéssed

cel | during rBcastefhedn i g pepyiye BYriX,addiessng URRERAGRIRIE
enbodi ment  ofsublected veatpudsinghgrotet slewhere=(umipolar) voltages with relative

25 magnitudes 0, 1/3, 2/3 and 1 are applied in a coordinated fashion to all x and
y lines. Here, voltage value 1 is the nominal voltage amplitude employed for
driving a given cell from a logic state "OFF” to "ON”, or vice versa, with the
typical coercive voltage being exemplified as a value between 1/2 and 2/3.
An important limitation of the scheme taught in the patent is that the pulse

30 protocols are predicated upon all cells starting out with the same initial
polarization magnitude and direction ("OFF”), i.e. the whole matrix must be
blanked to an "OFF” state before a new pattern of states can be written into
the matrix cells. Furthermore, any "ON?” state on the same y-line as the
addressed cell shall receive a disturb pulse of magnitude 2/3 in the direction

35 of the "OFF” state, leading to partial switching in most known ferroelectrics.



NWORD = 3, and nBIT = 3 are selected in case the voltages across

nonaddr essed cells do not significantly exceed V s/3, where Vs is the
vol t age agpbQspsishe addressed cell during read, refresh angconddnexse! es. |t
is according to the invention preferred to subject non- addr essed cell s
along 25 an active word line and along actbve bit lines) to a maxi num

vol tage during the read/wite cycle that deviates by a controll ed val ue
fromthe exact values Vs/2 or Vs/3, and it is then preferable subjectlng
non- addr essedVBie (tBesa bRytaipnscnay dovasicepiable in serau fypageolodisplaysand ude
that exceeds p{&iRoB¥3CthiY & HES1HESEAeQh HEMAsPI AofBIbE aggﬁeae{eﬁé.age

increment, and at the sane tine 30 subjecti ng on-"addressed cells al ong

celected act SEblmED b QbR aRindl Ju T3ubHts shBhe s RERSGhEREH o
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i 82 03
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read/refresh/Egége cycle protocol is enployed) 10 to have the sane val ue on
all word and lines, i.e. a zero voltage is inposed on all cells.

Furth t di to t t d ad t t

the qu escentl st hiianehera Aismyy AppECafoRsuhise it SRR IR SEErg one
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pul si ng prot i L ng
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value to that at Rgse on et of thefloatlng%é)erlo erel i s.clanped for
a 20 period ®otc n%%?”é{g they % apd YeRass X4 e%ﬂ%t’é’ﬁ’ts ipdOTkshar gi ng

t he bld t Ild ne C\izb'lml%-mhﬁfcﬂ&smﬂfgﬁltin PQ@@él@bﬁﬂt—llﬁtetH}%téhr@B’ﬁfﬁl}l?Bs §b dﬁ&?t
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et v or i ees e ot S ls O e hip g il ting rifie 8% ¢l B e
zgr e Isubp,ect Fdeadmg orf?dlzttagegbomssaad uaémboiet hRtis @.Cﬁlllfthdrrtg)]ldﬂeoﬂ chelh 1h1]§/eaabnvE
it line vo ift 25 duri t e e. .saj oltage. shift.o e
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voltage shili ettt mich sl sibfy LhabichReLRalYebohahlagRchiAs on

sai d non- address |ne S EORE Ausus y~ appli
fromthe tingo@erforim dmwecandoser&auapemlmsg@nsthe memary matdoes.nact i ve wor d
| i nes and up to the tinme of termnation of said voltage shift on the active

bit | :j ngsd( g&%@ﬁwa@bﬁutss@s welFagettey ald'fvanﬁag%@ cacnﬂoﬁeamfelg atrév]\ﬁcmr?%ﬂtwag

he.read cycronatipt sccunar e i fofnfiony etk Qaraqorres LR aPEE

mmcs preci §adiwidballpualrential osgelertel dordwndesit 1des ectappioadh 6ai d read

uelie Wi L SSESRL o0 L 1AL Aoy e egS, Sl Tl ' WRERSH 03, b S5
on said selected word and bit lines forming subsets of said n potentials

30 involving nworp and ngr potentials, respectively; controlling the potentials
on all word- and bit lines in a time-coordinated fashion according to a
protocol or timing sequence, whereby word lines are latched in a
predetermined sequence to potentials selected among the nworp potentials,
while bit lines are either latched in a predetermined sequence to potentials

35 selected among the ngjr potentials or they are during a certain period of the



WO 02/0287 9 PCT/N Q01 /00289 enploying a signal recorded during said
pre-read reference cycle as input data to the circuitry that determnes the

| ogi ¢ st ayg Qhsdshe addressed cell, in which case said sigplpNGRRHSSd
during the pre-read cycle may be subtract ed froma signal recording during

the read cycle. 5 An essential aspect of the present invention is to
control the tine-dependent voltages on all the x and y lines in the matrix
in a coordinated fashion according to one of the protocols described

her eunder. Thiagiagmeguenot soansoiicd tohatcuitryribat serfcsdbe¢heeges flowargi ng
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these el ect r Sd€8 AmOreughilp eRiEesRGN Wll 2 8¢t P FmipgAivduesst eps ar ound

a closed loop in the matrix, fig. 4 a read and wite vol tage protocol
requiring theeosdingy at ﬁlwhivteagenzms ed!eamag@olbaeahowtmg)Iohecbranorehbitvlmw

and bit i ne?O ffdagm? %5‘0@ tt%r Ehgfgl\é@\;lhgrﬁet%%?h%e bl ﬁﬁe aﬁiﬁethe vifsage

protocol in requiring four
separ at &0vol tcagee¢tewg te saisl bEt lmdubng éQICbrﬁadh@qu@,r @nd ghanping ah‘l N@étaoet; g. 7

an al ternat | v 4RI 2Rl bit'inboUtnheURE ALIRARIR g0l in Tig. 6, 25

fig. 8 a rea wite voltage prot reqwrlng |ve separate vol t age

I s to b | | ed t h d | t t
|ovels, Lo beycorep oSgnaErae ARD SiBTAL the prgtien e yaLET=55" 1 C

alternative wgldzage3pantiage} s 3 ard MSaedhnvmse mhé lvg$tag6s Acréshenahi-f f erence

belng t hat pre-.char | ses on. | nac are now 30 j ncl uded,
WO 02105287 @g‘r* g g‘éé& Bt fﬁgﬁ‘l %% erree 8% Wt tpge

pr ot ocoll5i nvakyéssgha a@cbes@alobdlbﬂafmgcreadyﬁmshamdi firge cioles. r eadout scheme

based on full row parallel detection. The general background and the basic

principles OfIntahéaecBhﬁsﬁVarﬂtﬁ%’@dﬂs' QAbed Rt oY 1BQc A SRYAS SLIddy YU,

detail. It is understood th he materials constituting the nmenory

function in Dworp =4, and ngr = 4 are selected 1n case the voltages across non-
addressed cells do not significantly exceed Vs/3, where Vg is the voltage

across the addressed cell during read, refresh and write cycles.

20 In a third advantageous embodiment of the invention the values n =5,
nworp = 3, and ngyr = 3 are selected in case the voltages across non-
addressed cells do not significantly exceed Vg/3, where Vg is the voltage
across the addressed cell during read, refresh and write cycles.

It is according to the invention preferred to subject non-addressed cells along

25 an active word line and along active bit line(s) to a maximum voltage during
the read/write cycle that deviates by a controlled value from the exact values
Vs/2 or Vg/3, and it is then preferable subjecting non-addressed cells along
an active word line to a voltage of a magnitude that exceeds the exact values
Vs/2 or Vg/3 by a controlled voltage increment, and at the same time

30 subjecting non-addressed cells along selected active bit lines to a voltage of a
magnitude that is less than the exact values Vg/2 or Vg/3 by a controlled
voltage decrement, the controlled voltage increment and voltage decrement
preferably being equal to each other.



di spl ays and nenory devices as per the instant invention exhibit hysteresis
as exenplified in a generic fashion in fig. 1. Relevant materials are

el ectret sywof Blsael ectrics or a conbination of the two. Forpsig@didebdoy, 1t
shall be assuned 10 in the followng that the material in question is a
ferroelectric, but this shall not restrict8the generality of the present
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at ce Wi t.ing),. or fo nitorin i schar ge esponse (reading).
accor di ngl y. LS eg 8L R sy dak g orihe Tty L B mr T
associ aéd waduwimgthdrdad cyds, {didesdlempki shéft dni tiesinastive word linés jtardng meBL
- ~acuveW - VS.AL the sa Lie, the nuner wond-_ and bit.lines that
cross at nonad rlgéts?ggﬁ%lgl Enrg(:%%g]tg %‘édé'(())n a”%lsﬁgfg qnn{hﬁochh\{ei Q’It lgjt?cﬁn?hat t he
di st ur bi ng 2Cevminaipes aathe ispewben Ilthe dateerkegtagreshoft ishiaitimedshobucl away
partial swtchipg. f Lye" v - i i .
etive bi - ahat dpegerived veiFRhiat SAGd RonRidtes Aekectld oh REBoFFEBILARE
notes that fdsrcogtiauonsly eppliediramh theltine ehmibiatidaf ofnsaidivoltage shaktrancthe
accordi to; DEF, i t X ‘1) = tiveBL
- 2CCacti OOy ° IAEUPE el MRS X34 WRARTRE e B ApfiflcR ofpaitlvoliael GRAIAL R
ii) Vi; _ ~i rihetacliyeLbit lingst(i’pranehargsddlé@ mor d 1i ne crossing inactive bit
. line,
Finally it is according to the invention considered advantageous applying a

pre-read reference cycle which precedes the read cycle and is separated from
it by a selected time, and which mimics precisely the pulse protocol and

35 current detection of said read cycle, with the exception that no voltage shift
is imposed on an active word line during said pre-read reference cycle, and



iii) V;;;, = ~activeBL - ~inactweW. : Inactive word |ine crossing active bit
line, iv) V,,, ~;nacuveBL - ~inactiveW ~ Inactive word |ine crossing

i nactive WioloaJoke. 30 In practical devices where it is deqjcr-,ﬁqlogl%oﬁr@ni mze
cost and conplexity, it is of primary interest to focus on the special case

where all inactive word |lines are at a co n potential ~;~acti~ewL ~ and
correspondingly all inactive bit lines are at a conmon potential ~;

na~t, ~eBL . Bﬁ1 ium‘n’ ng vol ages around a . w0 02/ 828 PCT/ NCDI%/ 00289 12
closed | oop PHRIAEINGE ﬂ%@aé,rr corded SHithe $aidrRTg-rsadiniereee GXFlRAL B i on
aplol i es: (|~) d‘atatotheﬂl:)il’réui'xryth‘dt de?rnﬁﬂeiﬁﬁa iU@taCtg o\f;tlhé a\d_ﬁressﬁh&:em, ghrrum
vol t age val ue ,attai nabl e across t nan- ressed.cells is .thus:

Vit 02 VL olich Gape Sl e 8F fegonded diBRerE Pranerd 29l B tecplhtcibd
potential s (¥from a<gignalrecdsdidg durtRyshSreadaMde. where ~o is a reference
potential) mnmust be inposed on the electrodes in the matrix, and any change

in potengial que%g%gt%p] aEﬁ‘@ctedfe&ﬂegﬁgﬁélt]iﬁv@Hﬁbn@@t&@?fxﬁb[‘%@ﬁnﬁ@-ﬁ@pende t

adj ustnments In_t er  potentials such that nqo ce experiences a voltage
exceedi ng VsVoltagas ppaadt theex agdvelines gt Hg maidkdns seendinateddasgiignal so,

e.g, related a&@oﬂ&l‘iﬂg 0 %)in!é%fst\ﬂetlﬁh'td&)lé deserissd ﬁeﬁe‘iﬁﬂreﬁemé%ﬁ%’tgéoﬁur rents)
and reducing the c lexity ving circujt resul ting in pulsing

f the_ dr Y,

protocol s suERSHS tRHEe %éaﬂwéae%epﬁmr%s@aeowihw@ MAHK eXRPsFignCes hi f t
IE)r(l polt enti alTantimelarﬁ%lrxga(l%ezmde_a?i%@gmédraefraﬁﬁ:ld/?éltu@gﬁhm @ Mell %Foweeyel S.
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lines are gi vehinventianendekemiplaly, ehbedinmts 3hall dow bealesetibedlotwhend
m ni mum vol tg‘gﬁhvafgue atéqa{ nabl en?cr gﬁs non-addressed cells becones: (4) V
= V~~~ = Vs/ EFLEreResQ the dRnended rawing SieWes aVEeIER needed f or
managi ng the wite and read operations (i.e. ci~o , ~0+Vs/2, ~0+Vs; where
~0is a refeifkgadeswfp)@tlﬁmqléfq drasgingenf arBpsticseras| capes Eor pienroelectivg t chi ng

may representydng be'-ﬂériﬁ’l”)bl em at voltage |levels of Vs/2, rendering
t hree-1 evel protocols unaéceptable. However, the degree of partial

SwWi t chi at .a gj ven. appli ed voltage depends expljcitly on the .
ferroel bt ri St &PTCIpls GaudDest & paslys Mgz pddresside Sangemant vt ( n a
squar e shapedrépsitt gebsiteodeulines anldaddllsi contaimyngppiernaecins maedrithlaccept abl e
performance. |, N0 H%7RA these electrodes where they overlap.

fig. 3 the sum of voltage steps around a closed loop in the matrix,

fig. 4 a read and write voltage protocol requiring three separate voltage
20 Ievels to be controlled on the word- and bit lines,

fig. 5 an alternative variant of the three level voltage protocol in fig. 4,

fig. 6 a read and write voltage protocol requiring four separate voltage levels
to be controlled on the word- and bit lines,

fig. 7 an alternative variant of the four level voltage protocol in fig. 6,

25 fig. 8 a read and write voltage protocol requiring five separate voltage levels
to be controlled on the word- and bit lines,

fig. 9 an alternative variant of the five level voltage protocol in fig. 8,

figs. 10 - 13 alternative voltage protocols to those shown in figs. 6-9, the
difference being that pre-charging pulses on inactive word lines are now
30 included,



13 PCT/ NO01/ 00289 Recently, certain classes of ferroelectrics such as
organi ¢ polyners have received nmuch attention as nenory substances in

advanced Jate3/05is9" age concepts. In addition to other attr ggingyifgabures,
theses materials exhibit hysteresis curves far nore square shaped than

those of ‘the ceranmic 5 ferroelectrics thatlbhave traditionall y dom nat ed
devel opnents in the field of ferroel ectric-based non-volatile nenory

devi ces. Thu% i.t has becone _rel evant. to define gul Si ngqﬁprot ocol s which can
satisfy the Eigdid @WEXeRIPE Of adrrdangd WRHE BFPIATP: BV IVERE AJRPTCARY ce

desi gns. Fol refedr8acd|BPelet Agdpartial switching problems that di scouraged
devel opnent and exploitation of early 10 efforts based on three-|evel

swi tching pr C |V, | tile attention,

whi ch t he prgfséﬁlg|§ﬁ%ée{tﬁﬁgsﬁﬁég&%sg%gpa%gfé@?rgﬁyﬁﬂﬁlg\%{ )eﬁggér(r{t)lltoéls of preferred
enbodi nent s all be gjven. Figs. 4 and 5 il ] ustrat one three-|evel

pul si ng prot &e%egba&%ﬁjoya tand f&eggaém PFIRGENES ,tﬁecpﬁﬁfrqnéilmgergl%m ete
read cycde arHaB d@i besdibovdskd id3otycletailonl y t he pul se diagrans for the
active word- and bit lines are shown. The inactive word |ines may be kept

stabl e at VsiR: t &ﬁ? A gqélm ' | bi t
lines. Al terﬁlug_i 3 1\%@%{9 etl_\tagﬁ %?‘%{;ﬁl uﬁ%ﬁ%ﬁ%gﬁg% cyéﬁgf%fgbgﬁé%é{a ‘
connect ed wi dispdagepadanemeendeviveplasfiesithe wastant impigndidree phiksidly steresist ae
bit |line vol mﬁ? bt e LS T i dout) .
In the di agrtgﬁgﬁl ov\‘/r%ti ?Ibngfgil% Sgnlcfa g}rlﬁngﬁpﬁlgél'tF%e%?lﬁé{tghaﬂgeﬁgsé? 8??%\’/\5: to
. word |ine ferontasirias oF acqpubinasan aldhe twa.dionsimpliity, dpshall bs aspugeds)
th : Bijgling, %é‘@@llb%%ﬁﬁ% the 388812 TR fules §6n WaZRricz1ectHict bhit Mfis 48&11Si on
- data latched t3 ;. Wrd line returned to quiescent Vs/2 t4 ! Wite data
| at ched on bPOtFeHEST the genegradity ohdhe PresstdBVeRtion g. 4) or zero (fig. 5)
- set/reset capacitors 30 t6 : Wrd line returned to quiescent VS/2 t~ :
Bit |ines actAselcpnsequenvedft pridSexposnre4d edectrierfieldsi the fatetialngs assvvded
02/ 0S287 14 el [ Wi | .e. ¢ e / . cycle
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on the pol ar irepreisontedi by thd points &R end -dPeimfigoh. Applicetior of revoltage
pol ari 2g4 i on JupERARAGL CnialniHBYhb FOERANE ARLEY PR fchafhibl o
polarization state, tracing the hysteresis curve in a manner well known to the
person skilled in the art of ferroelectrics. For convenience, the hysteresis
curve in fig.1 is shown with the voltage rather than the field along the

abscissa axis.

20 Below shall be described how, in a passive matrix configuration, voltages
can be applied to the crossing word- and bit lines in such a fashion that a
single, freely chosen cell in the matrix experiences a potential difference Vg
between the two electrodes crossing at that point which has sufficient
magnitude to cause the ferroelectric to switch its polarization direction in

25 either positive or negative direction (depending on the polarity of the applied
field between the electrodes) and ending up at one of the points +Py or ~Py
on the hysteresis curve after removal of the externally imposed field. At the
same time, no other cell in the matrix shall be subjected to a potential
difference that causes an unacceptable (according to prior defined criteria)

30 change in the polarization state. This is ensured by the potential difference
across non-addressed cells (the ”disturbing voltage”) never exceeding
+ Vg/n, where n is an integer or non-integer number of typical value of 2 or
more.



S (destructive read). In the latter case, the information nust be refreshed
if it is desired avoid |loss of stored data. This inplies that the

pol ari zat {y@idsd; be driven in the opposite direction of tder,xEatheoReration
in an appropriate cell (not necessarily the one that was readl? sonewhere in
the matrix. This is achieved by the part ofl the protocol dedicated to
refresh/wite, as shown. The 10 two branches in the bit |ine voltage

pr ot ocol correspond to the cases where the polarization is left unchanged
and r ever sddepersipgemn the spquped; syvitehing speedecEpshanparinpkswitching | y

achi eved by %ﬁa%lenvsteﬁ?ple &4 ¢6# Hﬂvhﬁ‘%’ﬂ E@fa‘i‘fﬂaﬁ%n AateSHOME re&lréelaémclhsand

5, it is clear fhat Ron-ag resse receive Vo
exceedi ng ' / dypicallyesedegted ponsiderabliylgraey thagehe soetdive \@t&ﬂ@rVQéCf digiilng

or refresh/ wrfr@wegeﬂoqr bﬁ’@'ﬁot B@cﬁ@%ﬂamﬁraﬁwl beenbéqhetﬁﬁ%ﬁ C‘}%&ddﬁﬁi uded
. event de aysdigg B H ate ér ansi ent gdown and

| at chi ng” of gri gég’éﬁ 81 ‘%Cr?et F‘V R/ Vedags o @ C[fétaéb FAlR t he
bit |ine pot&mgpiahllyn/shef §ui eﬂﬁemeﬁetleﬁheurldlbelemtmevcread/ refresh/wite
cycles) may be chosen to match that of the bit line at the 20 start of the

the word i neqiort PEpechilE 10k hhesiO BSBECHC Oy BRGBBLLPH FRY R
cycling is i nmsefgletoaneaiew thr:gmcbmm agenegalizedfashéon swith referescaito the t he
read cycle ag‘ﬁat'ﬂyp ﬁ%\%ﬁq %7 3 ol @ésfyex’ef &he 2nANY décﬁff%f&/ftﬁts;al?cfa&an

i nposed field in the cel are avo

clear thdt tHsagraitph él@ngﬁfmhmfefne@sto UlleelmilBJIlf&k/(I‘Q@V)rﬁﬁﬂ vewttal écqlunyy)
concurrent shifdd g @Bnﬁ%emr@e}fﬂe@ ed WD ﬁgn%t fegr gwrﬁévfa&e&n EEZ]Ct

voltage levels in th ree-|le erres rtlngfro
essential prifRePgAtEely) ayiidieated inHbe érgureeﬂamqad@smed %app e &pliags that is

swi t chi ng- pr%h‘i’ﬁ@ierﬁgl Hﬁglﬂeﬁmt@ﬁ@ ﬂb@ﬁ%eubrélmepr@yu@ﬁnﬁr ﬁ%‘?@én 4 different
potential |evels on rd a nes, Qne can ensure that

non- addr essed)q%%rlrafé%é#lre@rr@@slnarh%P%\é@/retk @ Agr m@lmrm&éh%erﬁcharge

swi tching volrk ﬁi‘@sﬂrgseim@)aAdcardlhglystthetcelltl\slcsemrcww%e&ﬁngﬂtw p&ern&ﬁfﬂs
schene for re ta, .acc ing to the

as .refreshin
present inverft %SFB?I@ WQIQW@ﬁ?W&gKﬁ{ %f'rtg"eaa]“F‘?ﬂ)l ﬂatWo 02/ 0s2s~
15 PCT/ NO01/00289 to : Quiescent state; all word- and bit lines at 2VS/ 3
(fig. 6) or Vs/3 ((Adg. P)eutebr - ICIBr@g\teWe:Wg. | i nes adj usted from qui escent
value to VS/3 {fig. 6) or 2Vs/3 (fig. 7) 5 t2 : Addressed bit |ines)

712 5 e 0 b, S tecs S s
i Y, z iV
pr ogr ammabl e addzessedcalls mupLhe Cf’ﬁgogégrl nijal gl that the Qbﬁtﬂr@lﬁa from

qui escego %t\mnag@h attthsche(lis gre 166 tCHeWW thki threshold ¥or papt@dltsgﬂ@clﬁggl
nmagni t ude addr.essed nes ed wor nes
fomm nar 2vaE of theap  gnacityes Tpfe i Bitiinesiiiss EGOHER BT i Werd ned
t o qui escent ljpe &ni nah-addressadead]. olééfayrling tt)a’w 2\ dndondtesithesfawatdistiadt t o
qui escent pot ial t6.; Read | e no ete r and bit . lines

i n qui escent ci?%&eg o(fﬁé}s:g:qnﬁoq ﬁéﬁngsll %nil % 6cc%d1{1V\Qeqw PGW’F&XW ve word
| i nes adj ust eblfagemaguossihenteltso Vs/ 3 (fig. 6) or 2Vs/3 (fig. 7) 20 tg :
Addressed bit lines) to be witten to logic state "1" are adjusted to 0 V

or are bheft gj (W'*esqﬁam B‘}PT—QD“ gl OAFL?V@'V\Fbr'drhﬂéJGi'd?ssn% active it 1

Addr essed bit I|nes) FHER ogic state are adjuste to VS or
are left at qui e@é“eﬁ?eﬁﬁde?ﬁli)al to remain in logic "1" (fig. 7) 25 t9 :
Addressed word line is adjusted to Vs (fig. 6) or O (fig. 7), introducing a
vol tage of nHEgNiVpded(S. .acs 08P adduesstcticema)l linocrosAlty ansadelbit linene{ s)
returned to quiescent 2Vs/3 (fig. 6) or Vs/3 (fig. 7) after wite delay tl

|2 ALl word jlihRes s g urned i@ qui esceph ol eidddline crossing active bit line,

1V) Viy = @Pinacyvenr - Pinacrivewr : Inactive word line crossing inactive bit line.

30 In practical devices where it is desired to minimize cost and complexity, it is
of primary interest to focus on the special case where all inactive word lines
are at a common potential @;,..ivewr , and correspondingly all inactive bit
lines are at a common potential ®@;y,cuvepr - By summing voltages around a



30 t12 : Wite cycle conplete. All word- and bit lines in quiescent. WO
02/ 0S287 16 PCT/ NO01/ 00289 Apart fromthe increased voltage | eveI

conpl exi t o fi@ag3asi ¢ features are simlar to those referrngd,RBOVR28"
connect i on vvltFl the three | evel schenes. Now, however, no non-addressed
cell is exposed to a voltage exceeding Vs/2in the course of a conplete

read/ wite cycle, which shall cause only mnor 5 partial switching in nost
ferroelectric materials of relevance here. Again, several variants on a
common t hene cegedhlnny i the mALLX gridyas slowndnfigRothefoliowing eendision

applied volt 1@cFo0ss all cells in the quiescent state (cf. the above

di scussi on under the three- IeveI swi tching protocol), which corresponds to
word and bit Iineo@?te |aI Vs L3 or VS /3, whereas other 10 potenti al
| evel s on the wor and' bit "|"h diare'ipossible in the quiescent state that

, either yield zero voltages across the cells or voltages of absolute val ue
~VS~ /3. SucH3iveni therealspaf|Vibe ¥ss themisbvmiouyoltage Neluskattaindblseacrons dirl

shal | nog berﬂﬂfﬁ&@l‘%skéﬁwm li'@[}}djset ail here. The timng diagrans in figs. 6

and 7 are equivalent 1n principle, one being an 15 "inverted" version of

the other. In pra eferred over the other. Thus,
t he scheme shown |(|Efl)f| g. E\yi* rﬁ)ﬁ/@g %ﬁygﬁliggsg "the sense anplifier input

during the read cgpl e near Vs . In the schenme of fig.7, however, the
vol tage is néko aghicye thkd, sit r}rwt;feum'scpaﬂam petendifald Gve.vB) t Gye-Vsbddponent s

L1 8 500! SpILED G 858 AORE ARTRLSARLREE A PR AT o
in lcle(r: ; ?i (r)lnr edpeirodeny E%lezsmagw ![amﬁlaamamaargef)ml mtﬁgtlp} oneuwsl af lllmwibmeodttf
app 10 rrp% %ﬂ l¥§c9éx}&1ﬁ5§:ﬂ Wp[ﬁ hgjﬁqﬂt?‘( tfie Bﬂle{rgﬁt@?ﬁgrs s%’&ﬂ tph{ nb é,%ﬂ

during a co ICit exa erre
enbodi ment s &XPeEsieBRAS |arVCflta@ eBeadmg st Inneraptlne, seafrekaalr@thar éacstgrs BIUSHWS :

to.: QUi esceni LAl aRbleWOrC @l Riihiigg iRl Irdilehis ©) O, Vol 3

(fig. 7) tl : lnactive bit |nesa ui estent value to Vs/3
(fig. 6) or Aobage/disgharge Qurents) aAddﬁdg@@@ llhﬁthmh]@§}t}’a€tf hetdsivipg vs

(fig. 6) or Qifddigr ?ésulﬁhggn%ilﬁ g Oﬂl%%édlstsﬁcﬁ%s'tﬁo% Qbddriied bWl Ohe

negat i ve t| m ngs acce g programabl e read-set up
del ay, tlRe addw@an dsmr@vqrﬁHeShl iadyqrentalsihnad cCHHIIgdinentheae o v

(fig. 6) or \RlffdeSto il four WRHR/ 0i 287 PCT/ NCD1/ QU289

Example 1: Three-level (Vgs/2) switching protocol

In certain special cases, a simplified pulsing protocol may be used, where all
inactive word and bit lines are given the same potential, i.e. V;, = 0. In that

20 case, the minimum voltage value attainable across non-addressed cells
becomes:

@) V=V = Vg2

and at least three separate potentials are needed for managing the write and
read operations (i.e. @y, ®g+Vs/2, Py+Vs; where Dy is a reference
25 potential).

As was mentioned above, partial switching may represent a serious problem
at voltage levels of V¢/2, rendering three-level protocols unacceptable.
However, the degree of partial switching at a given applied voltage depends
explicitly on the ferroelectric material in question. Referring to fig.1,

30 materials with a square shaped hysteresis curves shall in many applications
yield acceptable performance.



17 inducing a voltage of magnitude VS between addressed word and bit |ines.
Unaddressed word lines remain at 2Vs/3 (fig. 6) or Vs/3 (fig. 7) to :

Addr essedywpQnfdsissne returned to qui escent potential after ggadoddgay t5 .
All bit lines returned to quiescent potential t6 . Read cycle now conpl ete.
All word and bit lines in quiescent state3®Vs/3 in fig. 6; Vs/3in fig. 7)
t7 : Inactive bit lines adjusted from quiescent to Vs (flg 8) or Vs/3 10
(fig. 9) t$ . Addressed bit Ilnetg to he witten to the, ' state are

adj usted to Rgegntlys pertaig Chapsascot FraseelepEics s s QUEaNI Pﬁ lygnessdraye are

adj usted to Yécéidgd?ﬁ@&ﬂaﬁbﬁtlbh%%eﬁﬁr @umft'ah&@ﬁmt Qd\ﬁzhﬁ:edoﬂatﬁts@érﬁ are
adj usted to VS/ 3, thaafiéhose th t shal in |na§tate 1" §§1 adj ust ed

to Vs (fig. SPnEepts lstéféfht%P rlqtﬁéc‘il‘ée ALt ?S&Szf’{)@l’e@ § PERItAY" or O

(fig. 9), 'nhWQEBﬂ§$1§Q:u@VU§fdraﬁ@r@§ mgryhra gé tivin acssessf médmaﬁﬁd cell(s).
Non- addr gsse

T o S D etiCS Bt e b iighalyy, 4@%@5&% S IR TR
lr3 et ulr _ned to cfatreetmmﬁw-ﬂmts@dho@l—v?ﬂa?le nmeg/ dmlces dbm)d dt das Aé&omler d an?

1 1 t
s typi cal |y O AGAT EebEe pplyBs Miebebd PRER saRBort i i ul R

during the reealistir afid @ptid)ized e2éctradiceddvioe dEHg(lfS] Eoll@Mngmpen tﬁh@amnabs

L Ol R Elenpe TRy bk e By G BBl Far

r ﬁad/ wr l@e ceffats based 0w thicevieveksweiching prdtogsls, ﬂl%nohs@ecmduﬂ\regre@ﬁi\ged

t t

lsengafsﬁzaf%ﬁzgg%ﬁeégﬁﬁ T SRR R RS, e
T

the a1 ving VRN SRR of SEFIGiREemORgBEbIG AL 8B, Further

sinplification can be real i zed by choosing 4Vs/3 V~~ cl ose to the power

suppl y vol t adags. 4 mdzylhm&ataSOMIa@mavalmgnmnmcmlg according to the

oo bt n-PLotpeint iUkl bR cbitbiol AAR AT B33 aderRshAvAk act | ve

bit lines So €en on avol Ssw t chi ng of
nonaddr é3sed cyele. ﬁnlmd\h@\mﬂse diagrams| fos th@gcﬁmlveondo a:ndsblg hinegiare shawn.
protocol's S ¢ 1n§bm}letmﬁﬁé§'8{5>m ﬁtétﬁﬁleeétfvcﬁz fhfr?ﬁ’gﬁ&%ﬂ theGeq/WaE N
flows within the nmenory matri X in nory matrices
based on pas§w¥,e RSTARX t@mma@émerlgt htnm@ Aﬂr@an@rawysﬂmk@g@rd@mﬂwngsthe
maxi m zed by rhgd @g%{)éae% dhO@échﬁ’éctéaﬁaY@ﬁ al S%nga@%eﬂszﬁ 1H1erTW1ﬁch Wid18She

that each nmatri x g cont.ai n ar ges ossi of 10 crossing
poi nts bet wedhashghreardheg bcst 11nplvrs%§agea\ﬁaetaﬁ19ﬁ Eit\}mﬁ ﬁla@np ilwlﬁwd (full row

consequeot | y resdsis) A SHed@iaBYarBe shehni gt | Hasd SRS titndnV:BReMOid And bit
|l ine crossi n% lls sel ected, the |arge nunber of non-sel ected crossing points
bet ween the BPt'°MiSne and all of the non-selected crossing word |ines
constitute a correspondi ngly | arge nunber of parasitic current |eakage
paths (capacitivetoil5 |del:{inﬁdatclim aptivaipuhldosin el (fig.4bospollupdanys he

devi ce and reduce the (fig. 5)

t;:  Bit line clamp released — sense amplifier ON
25 t, :  Bit line decision — data latched
t3:  Word line returned to quiescent Vg/2

ta:  Write data latched on bit lines

ts:  Word line pulled to Vg (fig. 4) or zero (fig. 5) - set/reset
capacitors

30 ts :  Word line returned to quiescent Vg/2

t; :  Bit lines actively returned to Vg (fig. 4) or zero (fig. 5) clamp



contrast ratio of as-read logic "1"s and "0"s. One nmethod of reducing the
effect of parasitic currents on the determnation of logic states is to
pre-char gﬁ/otﬁ;asf;@n-addressed cells on the active bit |ine d@q/kodiRdseo
corresponding to that which would be approached during the 20 readi ng of
the active cell. This procedure is inplicil4in the voltage protocols shown
in figs. 6-9. At tine point 2, i.e. prior to applying the read voltage step
to the active word line (at tinme point 3 in the figures) the active bit
line voltage is sfiftedieas/wre cagle egmpletoal ue, creating a vol tage bias
between the active bit line and all word lines. This initiates the spurious
current fl O\A&“Henr_eaal ?,ble ﬁﬂn\ees!niga{@:the}/ftameqaﬂ meop?lhhigaaopi ofethlﬁi dddresped c’émeﬁ e
currents are i ca transient,..reflecting.polarjzation phengnena.in the
cel o ana aiseaaig b HRIRUERaGE (RGN oF 18l Pl IR NS 1y
_ maki ng the tipotargzgtidretinekmn gédyorioimuysred easelthiz polafizatientdiyedtiorg, t he
spuri ousccurr i i t e i Fchi . en [ 1 he
r eadi ng %ycl éﬁ%tgfc&?&e%{'&%aﬁ)dﬁﬂ]ﬁm gaﬁéeg ca%%f rlpggﬁ{ﬁ#ﬁqéﬁ?%‘?ﬁt%esl%gg%%@g 1? gt Phis

?]c herrE: It Wesiredavgad 1ot ofstored detapdihis smpliendhat thecpolesization rhostdqei it
e addi ci AR RIS (e iy BEERE FelPGEapt B Apbodpific LM ©

pr e- char gi ng (pheecessgribetheoonadeal was téad) somewheneginaihe mapix.nfhisvibi ch was

sought avoid } t i J t
State. -0 CrOsse DR ERRRIBL THREE GRIORE) RITCREMIL, byRhaWIE 34
figs. 6143 déwediragebes imehebidtnanpltage protocal agrrespot tortlie gagey Whend case
to case. depgndbbgaripibd el PashaRdf ald\feRALAL IrESbiaty 1y MelisBmiand
spurious current response in the addressed and Int non- addr essed cel | s.
The sense anpYilte @peyahingtisgeivadly eehisyedhyepmitting degreseding wagvenegatipe.
spurious current transient fromthe non-addressed cells, and not nuch | ater
than tinme poiAd siBown inrfilgs. 4 and apiisecleaythao hantzddressed ealés sladll aotrent in

active cells i, € / h cl : t t hat .

advancin thég%?}&r%%g%a%[\% f&&gg‘ih%h&eza(g @%%rrﬁr}énaégiw&@g?g 3’8? Pa&ﬁr ;ﬁ,E{tﬁér

i nacti véScel Idirmg tdadimg or veftosh/wiitieg peciosigbjreadditian ane eatek yhatotheagyerel 0
bi as of magni; . . i a1 oL he
vt £ chi ng. ondroa8ed o¥en? dejaytih BeRLG SEheHEe 08 oo R eR She

anpl i fier hasloyaeand datebingef dute Deppiidingondiowhe eemecy dewivecis thde
undesirabl e g jt : i : | ari zation
characteri st i%?gfag(?at H{eeegng?mﬁ?eyb@n%{lgra?gl? ﬁ?%aﬂegchgpﬁgggg!n%&%gﬁge from
negl i gi bl e t ead/gpfires/avrite qayelas mak beahasen dageatchribanaf therpitdmmat te
slight apdifiseat bphOteddyde! (Eﬁgﬁgp.r@hﬁ&@_) dMit ity AEl Bge auié@,béﬁ‘t_ge shift
on the inactive word |ines as_illuStrated in figs.” 10-13. The | eadi ng edge
of the shift POiRHA! of the; weriémﬁt(n@,t showmndiget r b Fh%gor@a@re%% ABPERIITAAE L h

the !ealdi ng fwlmlt ”@jrclhtfﬁsm%tbﬂ_&] bhd at h lyp%e_tcﬁ@hgggf gtcﬁteﬁt:cs{&t]@?is{ﬁ't af tidy :
precisely contr g e.t.rai n eadi n edge ifts at tine poin
D he vol ¢ adeadev bl rBiniphzsdofh B E2 LRSS JAmeriE R St oes iftin ikl |
ri se from zerfieltd anahewghist(oge impyidt3 are avoidede point 0 and remai n unchanged
at this value until tinme point 5, i.e. after conpletion of the read cycle.
The ti poi In/A I T \ o dReragti ve
cell, \7\,?? hou'zIE F]?On@?ﬁ?g%sap?% at geang)gat%gpl ?ls\l}lz)ggl ltnﬁggg'%?gﬁggzﬁtl?é;nsi er%té&ZS
in the non- adégedyeeprsarrent shiftingoballqnsantizlsnpr bysning-departures fsimage
across non- a%ﬁ@ﬁ%ﬁag@gé@elk $n TSRV BVEE SiH2Rsk ShoWRs withewn &epﬁ?ﬁﬂgtﬁ&ﬁ

Vs/3 ~ in thelsle nmodi f1 e ‘sthma?, but 4 voltage |levels are now'invol'ved on
the essential principles illustrated therein.

Example 2: Four-level (V/3) switching protocol

30 As described above, by employing at least 4 different potential levels on the
word and bit lines, one can ensure that no non-addressed cell experiences a
voltage exceeding 1/3 of the nominal switching voltage. Figs. 6 and 7
illustrate two variants of a preferred scheme for reading as well as
refreshing/writing data, according to the present invention. Here, the time

35 markers are as follows:



the word lines in the five-level protocols, conpared to three |levels
previously. 30 Exanple 5. Switching protocols involving a reference
pre-read Gxpdmspot her schene for circunventing or allevi q;éﬂgoug@z@r obl ens
relating to parasitic currents in non-addressed cells on active bit |ines
shal | now be described. For concreteness, t¥fer to, e.g. the four-Ievel
timng diagramshown in fig. 6. 35 The pre-charge schene described in the
above paragraphs inplies {hat the 02/ 0S287.2Q PCT/ N0O1/ 0028(% active
bit line has been thi f t@B1as§ent sfafes 4l Weedeand biflings 2 A¥ shoifag. ©) onNg/3
ensuing parasitic currefigs Qave been significantly reduced by the tinme the
active word line is switched at tine point 3. The logic state in the

addressed cell is deterqyj : | i T ' d

char go. 1 owi ng to % e i3en P gy ARG R dysckt FRMEF IR HIE Dar s
near the tinme point 3 amd2¥sGpdigpeilore the time point 4. ldeally, such
pre-char ge schenes shall enable detection of the charge flowing in
response5to the shiftingdafessbe b@@lihé’(%?]\hﬂjlﬁbtédl 86 VAl (fig.nd Moo Nfig37) Wirh@ut
interference fromparasitic currents 1hr ugh cells at inactive word |ines.
In 10 practice, the parG&pYTEOm i rt%ﬁft’s“?fg’ﬂr #iYe ZGENAT L8Ry HBIES HGve an
ohmc (i.e. non-transitaycgptatdepdyeent such that some parasitic charge is
captured by the sense anplifier. Al though the magnitude of the parasitic
current conponent {1 ow r = A Vi it
line may be snall ,t3t he %gtre%{aan@?%??om ﬁgébcgggﬁg?a?ﬂa&ﬁ?é%ggaﬁsggd%%de find
non- addr essed cel | s 15 igradingeddromequipscant potertjalded Yp(fig. Geevve (fig-y/),

signifiggnt, corrupting {BRagEddMAeifRIY VS befWebMaRarskal o hd |
predi ctabl e conditions, aUpar Siti¢c contribution in _principle

such | nmay | be
removed by subtracting l%%thlin)@éd Aagdrassed wordrlares respdindi2 Y 8 difige® 8y Vishd
sense anplifier during ¢fie meading cycle. In many 20 instances, however,
t he magni tude and vari a i‘Tity of the parasitic contribution nakes this

dovt ce. the atigde andEREEPRE SRS HEDHARR hledRok b RROA et Veen
different cells in the ddag nenory device and even on the sane bit |ine,
and the parasitic current may depend strongly upon the 25 device

tenperafigre at thesti:neADfbik ¢id@s QBturntd tadidscent pbmtp@r asi tic current
associated wth a given non-addressed cell” on the active bit |ine may

depend on which |l qgic LEal Sadd, 0, hat t curul ative.parasitic
current fromall ﬁgn_.a?%?éecggg%leceq\{/gog{rﬁlgteéqgégﬁg-g,lﬁ? ?lrmegﬁ%ﬁﬁl‘gﬁ%ﬁd on
the set of data stored Statet(0&¢3 dnlifig, 6;Wis/8Hndégi s prediction. 30 In order
to obtain a true neasure of the cunul ative parasitic currents in connection
with a given read-t?yt eXHrhacAne word lingy @dj&@ﬁe_dafreﬁﬁqﬁi%@deﬁﬁbevgﬂcgi%wsal e
as exenmplified in tig. |4,.,T eqfreiread cycle imedi ately precedes the
read-out cycle and di f I &VEoHEne 1atter in only one respect, nanely that

the active word line is not shifted 35 at all. The sense anplifier is
activat @@ in precitsely Afdresand bij hine(s) 60 beavrittendo logr stat@” P8are1 PCT/ N
001 /00289 adjusted to O V or are left at quiescent potential to remain in

logic “0”. (fig. 6) Addressed bit line(s) to be written to logic
state ”0” are adjusted to Vg or are left at quiescent potential to
remain in logic ”1” (fig. 7)

25 to : Addressed word line is adjusted to Vg (fig. 6) or 0 (fig. 7),
introducing a voltage of magnitude Vg across addressed cell(s)

tio : Addressed bit line(s) returned to quiescent 2V¢/3 (fig. 6) or Vg¢/3
(fig. 7) after write delay

t;; @ All word lines returned to quiescent potential

30 t;2 : Write cycle complete. All word- and bit lines in quiescent.



to the bit line voltage shifts as is the case in the subsequent read cycle.
Thus, the cunul ative charge detected during the pre-read cycle shall

corr espongouRfo¥2se! osely to the parasitic current contributgc@qngomagsds ed
during the read cycle, including contributions fromthe active cell. The
detected charge from5 the pre-read cycle lits stored and subtracted from
that recorded during the read cycle, yielding the desired net charge from
the switching o on-swi t chi ng sient in the active cell. Cearly, the
effects of f Hagagrom ?|1%@fea§‘%‘irﬁ@ﬁag%ﬂ‘*eVE‘dr?d’mIéJ@MYsﬂbﬁ basig feataenatd i cal | y

taken care Ofsnhﬂai b shaRf RFeRel thosenamdnnlBtibARCh ARE tﬁx‘ée%eéleﬂihem&e i's
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to : Quiescent state: all word- and bit lines at 2V /3 (fig. 6) or Vg/3
(fig. 7)

t; : Inactive bit lines adjusted from quiescent value to Vg/3 (fig. 6)
or 2Vs/3 (fig. 7)

30 t; : Addressed bit line(s) adjusted to Vs (fig. 6) or 0 (fig. 7). Time
delay from t, to t, is arbitrary; zero or negative timings are
acceptable also

t3 : After a programmable read-set up delay, the addressed word line
is adjusted from quiescent potential to 0 V (fig. 6) or Vs (fig. 7),



(g) ~i~~Vii +s . O course, this is not the only possible choice, but it
shal |l be assuned hereafter to facilitate understanding of the basic

princi pl e§o @xRigred. 20 Thus the Vs/ 3 protocol would be ”%1*/1%66’1/0%%@;‘ that:
V: =Vs, V;; =Vs/3 +8, V'; =Vs/3 -5, V" -V s/3 . This can

achl eved by, e. g. leaving the potentials loh the active word and bit |ines
unchanged, while adding 8 to all inactive word and bit lines: 1) Vi = vs =
~activeBL - ~activeW Actlve word line crossing active 25 bit line (the

sel ected cell) 11) V,; idyging a-veltage of mpagniteds Vs bpfween addressod werd ve

word |ine crossing inaghidvsitlides! Undddidshed \Wword Ené@fénanxsat?\?‘%téfi’ce%a or
(~inactiveW. + s): Ina%zd e _Wor, I|ne crossing active bit line
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02/ 0a287 23 PCT/ NCD1/ 0 g N -vg~3 = (~inactiveBL 'f' 9S)
(~inactweW. "+ S): Inactive vvord | ine crossing inactive bit line. The
magni t ude of 8 nusi :be Addressed wordHirtueetonresi tequiesoentt motentakaftét read ng r
equiremegts: On the ong hgy it should be as |arge as possible in 5 order
to mnimze parasitic current contributions to the active bit line. On the
ot her hand, it shquld bge & fmll as %Psmb e in order, to mnimze the

di sturbance of nots addred QikiTiAgs Fetury B} quiGseent ROWEEASi on nust be made
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menori es can have a non- near- vo nse char act eristic

vl ving of feet Jol { agectied ol Hure retid hBB, SREaceRginsdriestl of Yoy °

however J0al so be dependéigt 99n the specific material and its treatnent 15
and factors which in the present context may depend on the pul sing prot ocol

par anet ers act ual ln% usqg?gl%tsg\@d {;,ﬂ?neﬂggt(gﬁg%ﬁttéﬁ%%% aghQ e?te a-fPOI { i es

that it will be inpossi 0 genera beneéfi Ci a ron of
non-|inear vol t age- cur rt@an/IBeﬁggng)evwhmleﬂbﬂsadhﬁte@wéhrmalmgn mte ‘ORare any

speci fic enbodi nent i ”‘ﬁ‘ﬂﬂét@& tBI\ys%&aﬁgs&{ %qﬁm@ﬁ) gyg,fil 1&8n~°tHl?h§°b”ts?zhtEhe

20 heuristics as applicable in eat euristics

kind shal | be consi der éde@gdinsted §Q\e/3eWirthie tb@@@&h&ifsh[aﬂerenggémstate”1”
applicason. Exanple 7:arEWdjudtodvis 8a0@us, ¢ al ternative route to reducing
or elimnating the spurious current contri’butions from non-addressed cells

I bi I d
i nes except the Sbtt v osiSd SRRE tin AByMIRATIR IS &0 Thigt Oht "The
sense anplifier input (iugbidneihgas vottageiof magpitdde Visacrosndddiesséd dell@). t he
active word line is br q\t}n(gﬁtt H?%eggr‘ggéﬁgé%tﬁr}{m 2W3Ch causes currents

to flow through the cel'l's on he magni tudes of the

currents depend onthe arization_.state in each gell and
P tio : /g(%ress worH lines returneg to quiescent potential after write

20 delay
t;; :  All bit lines returned to quiescent potential
ti; :  Write cycle complete. All word and bit lines in quiescent.

Here, a fifth voltage level, V¢, is involved. It is typically of magnitude
4Vs/3, and is applied to the active word line during the reading (fig. 8) or

25 refresh/write (fig. 9) cycle. One notes that while the four-level schemes in
figs. 6 and 7 require all word- and bit lines to be driven at four levels in the
course of the complete read/write cycle, the five-level schemes in figs. 8 and
9 require only three separate voltage levels to be applied to the word lines
and three separate but not identical voltage levels to be applied to the bit

30 lines. This provides opportunities for optimization and simplification of the
driving and sensing electronics supporting the device. Further simplification
can be realized by choosing 4Vg/3 = V¢ close to the power supply voltage.



30 are determned by the sense anplifiers, one for each bit Iine as shown.
This schene provides several advantages: - Vol tages across all
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transient, reflecting polarlzatlon phenomena in the cells, and die out or are

greatly diminished after a short time. Thus, by making the time gap between
time points 2 and 3 sufficiently long, the spurious current contributions to the
switching currents sensed during the reading cycle are greatly diminished.

30 Certain limitations adhere to this scheme: If the time gap between time points

2 and 3 becomes very long, it has obvious implications on the data access

speed and overall read cycle time. Additionally, the cumulative effect of

repeated cycling with long pre-charging times may be to cause partial

switching and imprint, which was sought avoided by having zero voltage
35 across all cells in the quiescent state.



WO 02/ 05287 26 PATENT CLAI M5 PCT/NO01/00289 1. A nethod of driving a
passive matrix addressed display or menory array of cells conprising an

el ectri calloy2R@isd’ | zabl e material exhibiting hysteresis, ipt-pRbiidotedr a
ferroelectric material, wherein the polarization state 5 of individual,

separately sel ectable ceI s can be switchelf to a desired condition by
application of electric potentials or voltages to word and bit lines in

said matri x, and wherein the method is characterl zed by controlling
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is the vol t agHusganskir figs AUOHISS Sak lreaﬂingdeul aof teashift 666 @St alide PpoiriteD,

cycles. & A T hat s6re 0000 L el My o TELASLTHASH B, LM TR e
| ean- addr essewltagel shificatntdtepaint 2i Bgzrpﬂeylsek}ceedtrwmg the trailing and leading
20 edge shifts at time point 2, the voltage across the non-addressed cells on the
active bit line shall rise from zero to a magnitude | Vg/3 | at time point 0 and
remain unchanged at this value until time point 5, i.e. after completion of the
read cycle. The time point 2 may now be optimized for the readout process in
the active cell, without limitations relating to driving the pre-charge transient
25 in the non-addressed cells. As can be seen from figs. 10-13, the voltage
across non-addressed cells i1s always maintained at less than a magnitude
| Vs/3 | in these modified schemes, but 4 voltage levels are now involved on
the word lines in the five-level protocols, compared to three levels
previously.

30 Example 5: Switching protocols involving a reference pre-read cycle
Another scheme for circumventing or alleviating the problems relating to
parasitic currents in non-addressed cells on active bit lines shall now be
described.

For concreteness, refer to, e.g. the four-level timing diagram shown in fig. 6.
35 The pre-charge scheme described in the above paragraphs implies that the



where Vs is the voltage across the addressed cell during read, refresh and
wite cycles. 5. A nethod according to claim1l, characterized by sel ecting

t he val ueg,dymsxand NWORD = 3 and nB~T = 3, in 10 case thgMRbédRss acr oss
non- addr esse 8%1 | s do not significantly exceed VS/ 3, where Vs ?s t%ﬁe

vol tage across the addressed cell during r?$ad, refresh and write cycles. 6.
A nethod according to claim1l, characterized by subjecting non-addressed
cells along an active word |ine and 15 along active bit lines) tgQ a maxi num
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vol t age decr gugpy befdre Aheeinh@@oanchrding to claim 8, characterized by the
controlled voltage increnent and voltage decrenent 25 being equal to each

ther. 9. A ' @,th | b ' :
gon'ta { ol l ed vo tEEa'lgg fl{r\?gl?%%égl?al 918%%1 ot éhgg'r%ir’# :f%?éiegﬁg)g%ﬁ gfeé\?il{hg%@ifkoa\gltnlg\/e
word |ines and raspineg to berfhitiingal i aelyec wosd direnat Bmetpoinhd, pothaiti al s

~ naQ@;,, eBL jfferfdigfté onrfﬁir#gr_ §iﬂ%%ur}’@2}ﬁ§ ?hl%llﬁﬁ &1s7atGndlti O WSAPPRELS Tho the

read/wite protocols w X1 mum Vs or, Vs/"3 vol tage expqosure on_ .
non- sel 48t ed REdfYCe, thegprasifigspgrenis may dig devnoloubdardiordias an ahmio,
char act eri zeqj Y n8n-trarfidtory? cofipbhbRP dué DB Yoinle pAralRidOFa@eGe cdphteliby

claim1l1, characterized by.controlling a quiescen otential (the potential

i nposed on 5 ‘PAECHRF 1g3; plihgpeh dermAgnity ephﬁe PataRtin CBHCR Lt i e t he
read/refres héc@gﬁﬁcﬁfmﬂ@wmgnt}ﬁ@aghieacﬁrﬂlainozy@di:)esgegu bﬂ‘l’@(rjltﬂh% FAIVR Mia:litme on

et hod. accor dRRL PP It Kuresius Stata fonsio, of i EBRnfs of eBeaddigssed celfs
potenti afs oromfie futiveobit lbfe ag add @f Go dodomietvdriy nesnidivang eieuming kige
follow ng: a) System ﬂ[}ound, b) Addressed word line at initiation o

pul si ng pr ot JEBHOULCSHHSr essed bit line at initiation of pulsing protocol,

d) Power supply voltage (Vcc). 13. A nethod according to claiml,
Assuming stable and predictable conditions, such a parasitic contribution

may in principle be removed by subtracting a fixed amount of charge from
that recorded by the sense amplifier during the reading cycle. In many

20 instances, however, the magnitude and variability of the parasitic
contribution makes this inappropriate. Thus, in addition to the manufacturing
tolerances for the device, the fatigue and imprint history may vary within
wide limits between different cells in the same memory device and even on
the same bit line, and the parasitic current may depend strongly upon the

25 device temperature at the time of read-out. In addition, the parasitic current
associated with a given non-addressed cell on the active bit line may depend
on which logic state it is in. In that case the cumulative parasitic current from
all non-addressed cells on the active bit line shall depend on the set of data
stored in those cells, which defies prediction.

30 In order to obtain a true measure of the cumulative parasitic currents in
connection with a given read-out event, one may implement a pre-read
reference cycle as exemplified in fig.14.

The pre-read cycle immediately precedes the read-out cycle and differs from
the latter in only one respect, namely that the active word line is not shifted
35 at all. The sense amplifier is activated in precisely the same time slot relative



characterized by selecting the potential on the selected bit lines) in a 15
qui escent state such that it differs fromthat at the onset of a floating
period (rgedeyshe). and by said potential being brought fa@mRGoididscent
value to that at the onset of the floating period, where it is clanped for
a period of time conparable to or exceedi a tinme constant for charging
the bit line ("pre-charge pulse"”). 20 14. A nethod according to claim1,
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According to Equation (2) above, the minimum disturbing voltage on non-

25 addressed cells is Vg/3 (cf. Equation (3)) and the preferred embodiments
described in conjunction with the four- and five-level switching protocols
were shown to achieve this. As will be discussed below, it may in certain
instances be preferable to deviate somewhat from this criterion.

Given that the memory cells exhibit certain characteristics regarding their

30 electrical impedance and switching properties, it is possible to achieve a low
parasitic current load on the bit line during read operations, while at the same
time keeping disturbance of the non-addressed cells at a low level:
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Of course, this is not the only possible choice, but it shall be assumed hereafter to
facilitate understanding of the basic principles involved.

20 Thus the Vg/3 protocol would be modified such that: V;= Vg, V;; = Vs/3 + 0,
V= Vs/3 -9, V= -Vg/3. This can be achieved by, e.g. leaving the potentials on
the active word and bit lines unchanged, while adding d to all inactive word and
bit lines:

1) Vi =Vg = D,iveL - Paciivewr: Active word line crossing active
25 bit line (the selected cell)

ii) Vi = Vs/3 + 8 = (Pinaciivesr. + 0) - Pacrivewr: Active word line
crossing inactive bit line,

iii) Vi =Ve/3 -0 = Puctivenr. - (Pinactivewr, + O): Inactive word line
crossing active bit line,
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Furthermore it is well-known to persons skilled in the art that the electrically

10 polarizable materials used as the storage or memory medium in displays and
memories can have a non-linear voltage-current response characteristic
which may be exploited with advantage when implementing switching
protocols involving offset voltages. Such non-linear response characteristic
may however, also be dependent on the specific material and its treatment

15 and factors which in the present context may depend on the pulsing protocol
parameters actually used as well as design and scale factors. This implies that
it will be impossible to generalize about a beneficial exploitation of
non-linear voltage-current response in non-addressed cells, but that any
specific embodiment involving this kind of response must be subject to the

20 heuristics as applicable in each case. However, any heuristics of this kind
shall be considered to lie outside the scope of the present application.

Example 7: Full row readout
An alternative route to reducing or eliminating the spurious current

contributions from non-addressed cells along active bit lines during readout
25 is illustrated in fig.15. All word lines except the active one are clamped at a

potential close to that at the sense amplifier input (defined as zero in fig.15).

For readout of data, the active word line is brought to the potential Vygap,

which causes currents to flow through the cells on the crossing bit lines. The

magnitudes of the currents depend on the polarization state in each cell and
30 are determined by the sense amplifiers, one for each bit line as shown.

This scheme provides several advantages:

- Voltages across all non-addressed cells are very close to zero, eliminating
leakage currents that may otherwise corrupt the readout from the addressed cells.
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- The high degree of parallelism makes possible a large data readout rate.

Since the readout is destructive, it shall in many cases be necessary to write data
back into the memory device. This can be achieved by one of the pulsing schemes
described in the previous paragraphs. A different set of cells in the memory

10 device from those that were read may be chosen for refresh, e.g. in conjunction
with caching.

Possible disadvantages of this scheme are largely related to the increased demands
on the circuitry performing the driving and sensing functions. Thus, the
simultaneous switching of all cells on a long word line shall cause a large current
15 surge on that line (implies a need for low source impedance in the driver stage and
low impedance current paths. Also potential for cross-talk within the device).
Furthermore, in order to avoid loss of data a separate sense amplifier is needed on
each bit line. With the highest possible density of cells in the passive matrix, this
poses a crowding problem at the edge of the matrix where the sense amplifiers are
20 connected.

*

The switching protocols described above make possible the controlled switching
of polarization direction of any given cell in a passive matrix arrangement, without
subjecting non-addressed cells to disturbing voltages that exceed =Vs/3.

25 As described in the examples above, the pulsing protocols are directly applicable
to the reading of logic states in memory cells that either experience no polarization
switching during the read cycle, defined as being in e.g. a logic ”0”, or switch the
direction of the polarization, correspondingly defined as being in a logic ”1”.
Initialization of the memory could involve the writing of 0’s in all cells, which in

30 the case above would imply performing a read pulse cycle (destructive read).
Writing would then be achieved by applying the pulse sequence for changing the
polarization in those cells that shall store a logical ’1” while leaving the rest of the
cells unchanged. Subsequent reading of data from the memory would then require
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left unchanged and only those that contained a ’1” need to be exposed to
polarization switching.

Can be
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5 of individual, separately selectable cells can be switched to a desired
condition by application of electric potentials or voltages to word and bit
lines in said matrix, and wherein the method is
characterized by
controlling individually a potential on selected word and bit lines to approach
10 or coincide with one of n predefined potential levels, where n > 3, the
potentials on said selected word and bit lines forming subsets of said n
potentials involving nworp and ngir potentials, respectively;
controlling the potentials on all word- and bit lines in a time-coordinated
fashion according to a protocol or timing sequence, whereby word lines are
15 latched in a predetermined sequence to potentials selected among the nworp
potentials, while bit lines are either latched in a predetermined sequence to
potentials selected among the ngjr potentials or they are during a certain
period of the timing sequence connected to circuitry that senses the charges
flowing between the bit line(s) and the cells connecting to said bit line(s);
20 and
arranging said timing sequence to encompass at least two distinct parts,
including a "read cycle” during which charges flowing between said selected
bit line(s) and the cells connecting to said bit line(s) are sensed, and a
“refresh/write cycle” during which polarization state(s) in cells connecting
25 with selected word- and bit lines are brought to correspond with a set of
predetermined values.

2. A method according to claim 1,

characterized by allowing one or more bit lines to float in response to charges

flowing between the bit line and the cells connecting to said bit line during
30 said read cycle, and clamping all voltages on the word and bit lines during

the refresh/write cycle.

3. A method according to claim 1,
characterized by selecting the values n = 3 and nworp = 3 and ngi7 = 3, in
case the voltages across non-addressed cells do not significantly exceed Vg/2,
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characterlzed by subjecting non-addressed cells along an active word line and
15 along active bit line(s) to a maximum voltage during the read/write cycle that
deviates by a controlled value from the exact values Vg/2 or Vg/3.

7. A method according to claim 6,
characterized by subjecting non-addressed cells along an active word line to
a voltage of a magnitude that exceeds the exact values Vg/2 or Vg/3 by a

20 controlled voltage increment, and at the same time subjecting non-addressed
cells along selected active bit lines to a voltage of a magnitude that is less
than the exact values Vg/2 or Vs/3 by a controlled voltage decrement.

3. A method according to claim 8,
characterized by the controlled voltage increment and voltage decrement
25 being equal to each other.

9. A method according to claim 1,
characterized by adding a controlled voltage increment 81 to the potentials
D;paciive WL of inactive word lines and adding a controlled voltage increment
82 to the potentials ®,,,.v.BL of inactive bit lines, where 81 =82 =0

30 corresponds to the read/write protocols with maximum Vg/2 or Vg/3 voltage
exposure on non-selected cells.
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word- and bit lines, i.e. a zero voltage is imposed on all cells.

12. A method according to claim 1,

characterized by selecting quiescent potentials on one or more of the word-
10 and bit lines among one of the following: a) System ground, b) Addressed

word line at initiation of pulsing protocol, ¢) Addressed bit line at initiation

of pulsing protocol, d) Power supply voltage (Vcc)-

13. A method according to claim 1,
characterized by selecting the potential on the selected bit line(s) in a

15 quiescent state such that it differs from that at the onset of a floating period
(read cycle), and by said potential being brought from a quiescent value to
that at the onset of the floating period, where it is clamped for a period of
time comparable to or exceeding a time constant for charging the bit line
(pre-charge pulse”).

20 14. A method according to claim 1,
characterized by preceding the read cycle with a voltage shift on inactive
word lines, whereby the non-addressed cells on an active bit line are
subjected to a voltage bias equal to that occurring due to the active bit line
voltage shift during the read cycle, said voltage shift on the inactive word

25 lines starting at a selected time preceding said voltage shift on the active bit
line, and terminating at the time when the latter voltage shift is initiated, in
such a way that a perceived voltage bias on said non-addressed cells on the
active bit line is continuously applied from the time of initiation of said
voltage shift on the inactive word lines and up to the time of termination of

30 said voltage shift on the active bit lines (”pre-charge pulse”).

15. A method according to claim 1,

characterized by applying a pre-read reference cycle which precedes the read
cycle and is separated from it by a selected time, and which mimics precisely
the pulse protocol and current detection of said read cycle, with the exception
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characterized by said signal recorded during the pre-read cycle being
subtracted from a signal recorded during the read cycle.

10



