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met hod of driving a passive matrix-addressable display or nenory ary%xN9%5
cells conprising an electrically polarizable material exhibiting
hysteresis, in particular a 5 ferroelect{ic material, wherein the

pol ari zation state of individual, separately selectable cells can be
switched to a desired condition by application of electric potentials or
voltages to,word and bit lines form ng an addressing matrix, and wherein
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addressing of individual crossing points in passive matrices used for data

20 storage and display purposes. A major concern is the avoidance of disturbing

non-addressed crossing points in the same matrices. Another important
concern is to minimize the cumulative signal from non-addressed cells in
such matrices during reading of stored data. Applications shall typically
involve, but are not limited to, matrices containing a ferroelectric thin film

25 that acts as non-volatile memory material.

Passive matrix addressing implies the use of two sets of parallel electrodes
that cross each other, typically in orthogonal fashion, creating a matrix of
crossing points that can be individually accessed electrically by selective
excitation of the appropriate electrodes from the edge of the matrix.

30 Advantages of this arrangement include simplicity of 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

35 sandwich a material in a capacitor-like structure, henceforth termed a “cell”,



35 sandwi ch a material in a capacitor-like structure, henceforth terned a
"cell", - 7 JAN 2005 and -where the material in the cells exhibits_ 7JﬁN2%5
polarlzablllty and hysteresis. The |latter property confers non-volatility
on the devices, i.e. they exhibit a nengry effect in the absence of an
appl i ed external field. By application of a potential difference between
the two electrodes in a given cell, the material 5 in the cell is subjected
to an electrjic, field which gvokes a pol arjzation. response, the dlrectlon
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display rendered non-volatile by a ferroelectri¢ material can be und in US

patent No. 3 725 899 (W. Greubel) filed in 1970.

In view of its long history and apparent advantages, it is remarkable that the
passive matrix addressing principle in conjunction with ferroelectrics has not
had a greater impact technologically and commesrcially. While important
25 reasons for this may be traced back to the lack of ferroelectric materials that
satisfy the full range (technical and commercial) of minimum requirements
for the devices in question, a major factor has been certain inherent negative
attributes of passive matrix addressing. Prominent among theseis the
problem of disturbing non- addressed crossing g points. The phenomenon is
30 well recognized and extensively discussed in the literature, both for displays
and in memory arrays. 1hus, the basics shall not be discussed here, but the
reader is referred to, e.g.: A. Sobel: ”Some constraints on the operation of
matrix displays”, IEEE Trans.Electron Devices (Corresp.) ED-18, p. 797
(1971), and L.E.Tannas Jr., "Flat panel displays and CRTs”, pp.106 & seq.,
(Van Nostrand 1985). Depending on the type of device in question, different
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criteria for avoiding or reducing disturbance of non-addressed crossing



35 (Van Nostrand 1985). Depending on the type of device in question,
different criteria for avoiding or reducing disturbance of non-adﬁrﬁ$pm
crossing - 7 JAN 2005 points can be defined. Generally, it is sought'to
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value, to an extent depending on the material in question. Thus, in a matrix

with a large number of crossing points, repeated stimuli of non-addressed

crossing points may ultimately degrade the polarization states in the matrix to

the point where erroneous reading results. The amount and type of stimulus
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received by non-addressed crossing points in a cross-bar passive matrix
during write and read operations depends on how the voltages are managed
on all addressing lines in the matrix during these operations, henceforth
termed the ”pulsing protocol”. The choice of voltage pulsing protocol
depends on a number of factors, and different schemes have been proposed in
30 the literature, for applications involving memory materials exhibiting

hysteresis. Examples of prior art shall now be given.

US patent No. 2 942 239 (J.P. Eckert, Jr. & al.) descloses pulsing protocols
for memory arrays with magnetic cores, each with a magnetic hysteresis
curve analogous to the ferroelectric one shown in fig.1. Although claiming
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general applicability for memory elements exhibiting bistable states of



curve anal ogous to the ferroelectric one shown in fig. I. Al though claimng
35 general applicability for nenory el enents exhibiting bistable states of -
7 JAN 2005 4 remnant polarization, including ferroelectrics, their invegti &8
contains only specific teachings on magnetic data storage where separate
contributions to the total magnetic flux in each cell are added or
subtracted fromseveral independent |ines intersecting in each cell. This
is reflected in howcells are 5 linked up in the proffered enbodi nents, with
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the value V3. Wth the. remaining colums being switched to a potential in
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operation, where the selected rowis tential .while the
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20  difference between the electrodes. at the selected crossing point to reach the
value V. With the remaining columns being switched to a potential in the
range +V,/3 to + V¢/4, only the selected cell in the matrix is subjected to a
significant switching field, and partial switching at the other crossing points
is strongly reduced (the reduction depends on the material properties of the
25 ferroelectric, in particular the shape of the hysteresis curve and the
magnitude of the dielectric constant). In an alternative pulsing scheme, the
same patent teaches the application of additional ”disturbance compensating
pulses” subsequent to each writing operation, where the selected row is
clamped at zero potential while the selected and non-selected columns are
30 pulsed to +V /4 to +V/3 and -V /4 to -V /3, respectively. The latter
operation is claimed to reduce the partial switching induced loss of
polarization even further. No physical explanation was provided for this
choice of pulsing scheme, however, which appears to rely to a large degree
on the inventor’s empirical experience with the ferroeleciric materials of his
day, in particular barium titanate. While the basic choice of polarities appear
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plausible and indeed intuitive to the person skilled in the art of ferroelectrics

the description given is insufficient to provide an adequate guide to selection



choi ce of pulsing schenme, however, which appears to rely to a | arge degree
on the inventor's enpirical experience with the ferroelectric nater|§lﬂwp%m
his 35 day, in particular bariumtitanate. Wile the basic choice of
polarities appear plausible and indeed intuitive to the person skilled in
the art of ferroelectrics, the description given is insufficient to provide
an adequate guide to selection - 7 JAN 2005 of pul se nmagnitudes and tim ng
in concrete terns for generalized cases. For reading out the stored
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point. Writing of data is achieved by biasing the row and column lines
crossing at the selected capacitor to polarities +V and -V, respectively, ¢
alternatively to -V and +V, respectively, depending on which of the two
bistable states is to be written. The resulting net bias is thus +-2V on the

25 selected capacitor, and does not exceed an absolute magnitude V on non-
selected capacitors, where V is defined as being below threshold for writing.
Partial writing is apparently not considered to be a problem, and no particular
provisions are described 1n that connection beyond the simple scheme
referred here. Thus, the teachings of US patent No. 3 859 642 cannot be seen

30 as having any prior art significance relative to the subject matter of the

present invention.

A one-third voltage selection scheme for addressing a ferroelectric matrix
arrangement is disclosed in US patent No. 4 169 258 (L.E. Tannas, Jr.). In
this case, the x- and y lines in a passive matrix addressing arrangement are
35 subjected to a pulsing protocol where (unipolar) voltages with relative
magnitudes 0, 1/3, 2/3 and 1 are applied in a coordinated fashion to all x and



present invention. A one-third voltage selection schene for addressing a
ferroelectric matrix arrangenment is disclosed in US patent No. 4 169 %5@2005
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value 1 is the nom nal voltage anplitude enployed for driving a given cell
froma | edigesstadre, VORREetal LN is B vi@enalerdaagamiplithee enypiceld fger cive

vol t age hei ng exenplifi as a val ue bejvween 1/, d2/3. Ani rtant
(i £ ot 1 R RE g VEEHEE AR GhIOE R STHE o a0 T D hae! vie iiiee BB AT ocol s
are predigstedcopenvakblagk!tseighadenngli il awid Dalukebs@ngn Dz hall 2/3.
pol ari zat,i on na%glt&j.de.‘an dlfr?lgtl n ("OFF"), i.e. the .whgl e matrix nmust be
bl anked 8! HAPOCRRET [EipdOR& s sePAals Frishdin thE Pe{ertels ©ahthePWi% ten into
t he gmat r bxow@eblsard-prddiedtwareponyl CeMY statah € o viltle tharene Irifal as the
addressed cell shal reced' ve a disturb,, e af ics;ni tude 2/3 in the
directi oﬁogaé‘@ft’qm@a'g@tﬁl es?%‘?éj,”qcé’a% %35%13 bdrq'{{g Vep EcRizhg X AYADRE known
f}gzr(r]I oel lebtarrﬂ@ﬁdto mi”wﬁ’hg&??} !bielfbiaaéin;@ﬂﬁ ﬂﬂ&rb@f_@t‘a@?ﬁt@b&%tiv@it@@{ h?r.ion ]Eypes
of dis s _an ries is is nqg he case in the vast majari 0
appl i cgt %@atﬁét%ﬁggl %H?ihﬁbmi%e’n%ﬁy s @un%@teu%él?e VAR 5‘|’31r{1ﬂ'3a§4 gl?‘? %/er ns the
gonventi @ﬂ&f;;essﬁ@hh@l%ﬁ'a@hﬁedﬂﬁbé asélseali pnlsseiferresnitwlie M3 iis tHesdirédiggh i E

et e,, er. schene

il in (o JN S Patent No. 4 169 258. Ho er, the latt
explbes PhETRor oerdleadciats © PrinCrURBh g PUPSEE (P biSegteThite /2.
This is Geémeeahtye lidaerioh unacceptabeabr iratéripiraptpiesalf dpbdays apdl i cat i ons
enpl oyin tradjtional ferroelectri,c paterials such as inorgani c ceramcs.
Fur t her nBIE O P het R Hgﬁhﬁlg fea réhgeelvé%:ttrpgﬁorété/h%ﬁ%pﬁj@C%Lﬁ?glg‘descri bed in .
terns of _single 20 switching events in the addressed cells, which destroy
the pre- $@faicHRRE NP6 BT SRbTWRES dSs Wit hireay 8véfrmplhagenyansiong!
pr 0{ OCO: meSh el f’_@h@fi@élﬂflsle_léélficgﬁﬁ_@fﬁnm; whi&bh aéébr(%t}r Qﬂt@):gaim $hep@ht§tjng
praotocol js_inti ely Ii Wi an active ferroelectric nenory device
havi°ng ad“ﬁ Bﬁ?rmlr@i?e‘f' 160 ?hgegpé(‘fqvc?ﬁ: tHHarfitRec E?nﬁs%’épo%Fétﬁ%\?en‘?%‘r roel ectric
mat ri cessaVettedesms Yo dedthisbiefe phiged DirkGilwapealuskyr quhds segaRdiglt he nmenory
devi ce igto mﬁrmr bl %%zs tsuch‘ th@\t;&hal | bit i nes t(ior datg |ines as terned
by Kur od4ySMAFESHHRERE [0 £l B WP RCBPBRBRPIFAIPRS SPU MV ETE a
fiel d-ef freditioman@irsécdectrpantateribbr $ychods idwgaaicatiadics. Furthermore,

the one-half voltage selection scheme is only described in terms of single

20 switching events in the addressed cells, which destroy the pre-switching

polarization states.

A three level voltage pulsing protocol is disclosed in US patent No.
5550 770 (Kuroda). This pulsing protocol is intimately linked with an active
ferroelectric memory device having a higher level of integration than the
25 usual active ferroelectric matrices with memory cells of the 1T-1C type.
Kuroda segments the memory device into memory blocks such that all bit
lines (or data lines as termed by Kuroda), are connected with a switch
element in the form of a field-effect transistor, particularly of the so-called
- IGFET (insulated gate field-effect transistor) type. The outcome is that
30 Kuroda ends up with a memory matrix with fewer switch elements or
transistors linked with the memory cells than is the case of the prior art
active memory matrices. All word and bit lines in Kuroda's membry device
are before a write or read cycle kept on zero voltage potential. In order to
initialize a write or read cycle the transistors must be turned on by applying 2
voltage level which must be as large as the sum of the polarization switching
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voltage V, and the effective threshold voltage of the IGFET. Then Kuroda
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bl ock seguenfis iRfa MseurPeri@etsRiVel ¥n unaddressed memory cells comparable to
that achievable in fully active matrix-addressable memories. It should
furthermore be noted that Kuroda does not allow paralle! write and read, only
bit by bit read and write, as only a single write and a single sense amplifier
25 can be connected in each block column of his memory, although Kuroda of
course, offers the possibility of simultaneous write and read of individual
memory cells in other memory block segments of his memory matrix.

Thus, in passive matrix-addressable memory and display applications where
it is desired to be able to change the logic content of individual cells without
30 disturbing other cells or having to blank and reset the whole device, there is a

clear need for improvement over the existing prior art.

Hence it is a major object of the invention to provide voltage vs. time
protocois for driving the x and y passive matrix addressing lines in non-
volatile memories exhibiting ferroelectric-like hysteresis curves so as to

35 minimize disturbance of non-selected memeory cells during writing as well as

reading of data to/from said memories.
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“takes place in the write and read operation in regard of the voltage levels
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applied to the active word z2nd bit lines in these operations so as 10 minimize
capacitive couplings between active and inactive lines and a possible disturb

of unaddressed memory cells.

According to the invention it 1s advantageous allowing one or more bit lines
to float in response to charges flowing between a bit line and the cells

connecting to the bit line during the read cycle, and latching all voltages on

(W]
[a)

the word and bit lines during the refresh/write cycle.

In a first advantageous embodiment of the invention the values n = 3,
Dworp = 3, and ngj7 = 3 are selected in case voltages across non-addressed

cells de not significantly exceed Vg/2,  where the polarization switching voltage

[SFS]
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V¢ 1s the voltage across the addressed cell during read, refresh and wrnte cycles.
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It is according to the invention advantageous adding a controlled voltage increment

20 8 to potentials Qinacive WL 0f Inactive word lines and adding a controlled voltage
increment 8, to potentials Oinueive BL of inactive bit lines, such that in case 6, = &, = 0,
this would correspond to the voltage pulsing protocols with maximum V/2 or V¢/3

voltage exposure on non-selected cells. In this connection is preferably 8, = &, # 0.

25 [t is according to the invention considered advantageous controlling a
quiescent potential (the potential imposed on the word and bit lines during
the time between each time the voltage pulsing protocol is employed) to have
the same value on all word and bit lines, 1.e. a zero voltage is imposed on all

cells. Further it 1s according to the invention considered advantageous
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O

selecting the quiescent potentials on one or morz of the word and bit lines
among one of the following: a) System ground, b) Addressed word line at
initiation of puising protocol, c) Addressed bit line at initiation of pulsing
protocol, d) Power supply voltage (V) . It is also according 1o the invention

considersd advantageous selecting the potential on a selected bit line or bit

(UN)
L

lines in a quiescent state such that it ciffers from that at the onset of 2



this woul d correspond to the voltage pul sing protocols w th maxi num V5/2 or
V5/3 vol tage exposure on non-selected cells. In this connection is
preferably b; = S> x 0. 25 It is according to the invention consi det &dAN 2005
advant ageous controlling a quiescent potential (the potential inposed on
the word and bit lines during the tinmélbetween each tine the voltage

pul sing protocol is enployed) to have the same value on all word and bit
lines, i.e. a zero voltage is inposed or, all cells. Further it is

accor di ngleati mgperm\de(mtaabrwcms|adér‘ed1g1dgasrmﬁdgpmmf?ﬂ0frsei ecfuingcdrite

gui escent L g! S r J r e ng one of
the foll ovﬁeﬁg?{;t{% %gmgrgsfect)%]fd{mb?daﬁdrld? ggrsle \%Vo}?é& Ilp at%}r? (?rt;%)?lﬁgtl on of
pul si ng memtmi:of;mmé cAdﬂraeabb:dtd)Dlt ekieraling 4 nixd ammﬂantoforpqhesrigmgg tpeot ocol ,
d) Power Yy tage, c ion
consi der ebdygﬁv gé ecgiggbésgﬁ tpnk-gf@sdlﬁgftgnt £ ﬁ@gkpgns}g (? édia\é?%] i ne or
bit &5 fi a@lvlan‘tagﬂoxs pregetinchtite retadda)fdlervsltb @ovcmltagfashlft snllnaatwe word
oules'c,,; e taie s J 0 api tijad (read
cycle), naesb&l{hneél tksl%u@lg) ?8} 5 ?éFr omnaéwﬁlggsgebﬁ IR%% : Sg%égg[ﬁg a"{ t he
onset of Wdi‘agfel was iegapéo |tb@t omerlngl dug &0 Itfaet ehede foot [iae vmétagmdsfufft time
conpar abl g {0, ar. exceedi|ng a i | fR, SO0, i t8es Bidein

("pre- chaaﬁléerpi)ﬂfe gﬂ%(@:b?%’ bgﬁ‘" é)ﬁﬁtf?%efﬁtgl O%Bﬁ{t}g:\&én&golng?sdp atrtln?ﬁ
advant ag@oﬁﬁe@treédemuer;gephélr@a@ndcww@whxtﬁt anvoktaggeeshi tinepanidnact i ve word
i ngg. wherahaldeanon: Al G3R80nEekES: 0B1ARCAGIRVE Bitlabd Ny 86n SURLeCt ed
to a voltage |ai’seu at occurring I'i ne

vol t age $hif e pedesivag weagechmscyesad nail- @ddm&sage:eélmqrt t%a@héelmabﬁlﬁve

word |ings c%hﬁ'hhbﬂg ga&%p Re &t Snliad tlir'qg%f%?t%&'bﬂ%f%ﬁi@vBH‘abé%ﬁh&rﬁtthé’” the
active biit 11 ne, termnating . at the tine whe |'gtter vol tage

shift is mﬁ?tw%md lipnesaeh up was}le tﬂwgtofatersweawéd)f\ﬁm é@étatgea%hléhogm d

non- addr egg@dti¢eldis 11aR (heeatiryephide’ ?I ne is continuously applied fromthe
tlrre of initiation of said voltage shift on the i nactive word |ines and up

f hit |
(* o2 ondBallh it ELR SR G Shiorthyl S8R0 BOenkeBo RS artiel tne  der ed
advant ag@oasrea@pbﬁemgca cvpieewkeam pr@tfeeﬂreertbe rcydlce/cvmach lplsep&rbesdtfhemr ead
I ,
T sal ?2e ?E@detq rgmj i C%ym%%g gce}j&gel rtgﬁtvogetbe |on g}pms? Cc?lr ead

precisely uf s1 ng rotoo
cycl e, wiang ctuq"eeretxd;@;g@ﬂ@n Qﬁ}%ﬁldﬁéa@@b’ﬁkﬁg@/ltbth‘vteXlC?:PIlﬁpdbéHDQnV%lha%Q:t ive

word | i nenduni nxgltptohgaWneaﬁ 888 VeQl GIPNAE AHE L (h2Br ARk LRPIAYH D cJoR, ONA
recor ded durlng he pre-read reference cycle as pu
20 and employing a signal recorded during the pre- read re erence cycle as input
data to the circuitry that determines the logic state or a data value of the
addressed cell, in which case the signal recorded during the pre-read
reference cycle may be subtracted from a signal recording during the read

cycle.

25 The basic principles of the invention and exemplary embodiments shall now
be described below and with reference to the appended drawing figures,

wherein

fig. 1 shows a principle drawing of a hysteresis curve for a ferroelectric

memory material,

30 fig. 2 a principle drawing of a passive matrix addressing arrangement with
crossing electrode lines, and cells containing a ferroelectric material

localized between these electrodes where they overlap.

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



data to the circuitry that determnes the logic state or a data value of the
addressed cell, in which case the signal recorded during the pre-read
reference cycle may be subtracted froma signal recording during the7r &82005
cycle. 25 The basic principles of the invention and exenpl ary enbodi nents
shal | now be described bel ow and with yreference to the appended draw ng
figures, wherein fig. 1 shows a principle drawi ng of a hysteresis curve for
a ferroelectric nmenory material, 30 fig. 2 a principle drawing of a passive
matri x adgress) Nt W L r i el.ectrode.lines, cells
containingéaaﬁtgggg%ggggﬁgﬁ%%¥%$7EfM%nggﬁﬂgg'gﬁ%&ﬁéggy?%%gec%?%%trodes
wher e t helgvelerd hp.cohimplledl ohéhemodf andl biadimest eps around a cl osed | oop in
the matrix, - 7 JAN 2005 12 fig. 4 a read and wite vol tage protocol

requiringfithses sepaiaie vahiR0ef tHeets |&lhe e pRitbesl pnfidhe word- and
bit lines, fig. 5 an alternative variant of the three level vol t age protocol

infig. 4z fig. 6 a read.and jte vo e Pprat ogol requi.ri f our_separate
vol tage | Boepd r@ g EIBNH LGSR DRERT BE 150 SRRl [ 58S,
al t ebnat i web& aphantledf ot ee fxaud- laeddlit iaks,age protocol in fig. fig. 8 a read
and wite voltage protocol requiring five separate voltage levels to be

control | edg0n gt i0fadhv cangi Mt of tHReBurfledel YoRAc@bESIRA! ixgiyagi ant of the
five |level “voltage protocol in fig. 8 10 figs. 10 - 13 alternative voltage

protocol s.to,those shown.in figs. 6-9, the .difference being,that

b 0- char o Bg® fuedeih tscrd beBracre e ae Bl SERerfuda e vels an
exanpl e db lee ceadoderd ow thewardt aadlbit hwmebvi ng a pre-read reference cycle,
and 15 fig. 15 a readout schenme based on full row parallel detection. The

general bagkgreung aneveheaPas 6f i AL PERS WitdhepRiessnin kipvention  shal |
now be di sCussed in some detail. An essential aspect of the present

inveption-|s _ggntirol  the ti0e-de t, vol -akl_ thegx.,and y lines
in Gft@ he rrnftll_f’ i td)i ﬁgaélé%rgr“élivﬁa{éelgg ?%Bﬁoﬁggggc@oﬁ %%g‘%t% (BVc%ghne_hgfs ' tIa he | (r%ot ocols 20
descri bedifitarenpabterg ttiigue- praigocdbslsensur machate worddneaddeessed cel |

(crossingnppiddy in the matrix experiences an interline vol tage exceeding a

fig. 14 an example of a read and write protocol involving a pre-read

reference cycle, and
15 fig. 15 a readout scheme based on full row parallel detection.

The general background and the basic principles of the present invention
shall now be discussed in some detail. An essential aspect of the present
invention is to control the time-dependent voltages on all the x and y lines in
the matrix in a coordinated fashion according to one of the protocols

20 described hereinafter. These protocols ensure that no non-addressed cell
(crossing point) in the matrix experiences an interline voltage exceeding a
predetermined value which is well below a level at which disturbance or

partial switching occurs.

[t is understood that the materials constituting the memory function in

25 displays and memory devices as per the instant invention exhibit hysteresis as
exemplified in a generic fashion in fig. 1. Relevant materials are electrets,
ferroelectrics or a combination of the two. For simplicity, it shall be assumed
in the following that the material in question is a ferroelectric, but this shall

not restrict the generality of the present invention.

30 As a consequence of prior exposure to electric fields, the material i1s assumed

to reside in one of two polarization states when in zero external field,



predeterm ned val ue which is well below a | evel at which di sturbance or
partial switching occurs. It is understood that the materials constituting
the menory function in 25 displays and menory devi ces as per the i rAstAdR05
invention exhibit hysteresis as exenplified in a generic fashion in fig. |
Rel evant materials are electrets, ferrgelectrics or a conbination of the
two. For sinplicity, it shall be assunmed in the following that the nateri al

in question is a ferroelectric, but this shall not restrict the generality
of the pr ;L Lgye,ntl,o 30 Asp a. consequence; of . Exposuig L electric
fields, t e aterial” | spgssurred o ij; Jdeﬂrnl oné%? iJCﬁ ?arol zation states

when in a@rm%m@caal chiieb oy o- 1HE AN 2005 emme«ﬁmﬁddubyipmhﬁtﬂgeﬂm and - Pg
infig. ication of volt acoss the . cf cont ai ni ng,{ rro lectric
cai dsesl‘?ﬂ I{ng Y&r Q%‘%htéﬁb‘@oa%% hp’osl Az ?}Jro‘n'C st At'e° ]?efya\(fl P}??h “eresis
curve i mparsmanekilleslih Keown cidct:elcqersonoskiobhved dret n‘ec énr\s @fmd
ferroel ectrli cS. Aor convenl ence, . .Lhe hyster Slﬁ Sur Vf b 1 _i's shown
With the Vol t &ye Eat her  PHEN"t He 'Fi @ i S o1 ke Bt %gé’f 85(193. “Bel ow shal |
be descra}bmi]cbg)vg}]lsn a passive matrix configuration, voltages can be
applied to the crossing word and bit lines in such a fashion that a
o005 BEEELY RbASED cbeLlinla e o pLEceXnBLlencennd ROLBn! LA ALL! erence
Vs 10 between the t es ‘crossing at ch has “suf ficient
magni t udea dﬁ@ps@ etdn@ fmm@lse*cg picgdt enswbit ehneistis Spmhaa: |f2@m0®nﬁmt Bection in
ei ther pasidji.ve of, VE i on.;(d g O I LY. RE bhe '
ap5)I i ed freled é\%/een téheg%qjé%ﬁ?%gaq H gg}?%}g %gs %BB%@ﬂe@{g IyEhe pof nts PR
dhﬁTt\Héﬁlhy@tﬁeTr\te@éC@ufW@ aifase r“?r énﬁVaIPQjﬂ THechXtasrndlligephposed
fiel d Ahat:hﬂt&g’esﬁ%”&i@e“%e RO A ERE;GRI bybiantihe naRlEd X ek le A6 syl ect ed
10 a potent| al difference that causes an unacceptable -( according Tq. prior
def i ned CrPEEPoS) UvEnanTeS iy ¢ WE cpBPar(CLRENEH S a8t PN Y Sidhsutnadi®sy t he
pot ent i af e tE ffeetvaNGe h @eTQsto N zaddrssedy el bse (drhee "whist yrtping: vp) t age”)
never exceeql n ;I' y/m where m7s an integer_or non-int egvar J(,CLJ% I of
typi cal Val'eé 'orSiEIERS OF Vi Tﬁﬁp‘%\ﬁdl%g St FEY e FEa 8w £ g ¢peed,
et ¢ Theanom nale Swbtahengellialit age: LH\CQ]e:HIﬂﬂb@yﬁﬂé_]fEOIl’ﬁdd‘J’d ¥iprge el
polarlzau{(,}g L the ferroel ectr ical Ly s ted co erably
| ar ger cge?‘cf?/lg e\;oﬂg’e %ét{ 11’)% fCCO]él(J)% xaOI—BWB gre?cjetod&a préf be
chose'" Canra)m? armlbﬁ pa}egewmms;@ift hepub gin 'ﬁngﬁ’f bb*ob@lm:xzsndésneneb@mbmer e

shal | ondor JRdugE. 1 he di st HEQ%Q%@V’@&E&% A0t Ry et Lack o, o
+ Ve/m, wherém is ean integer or non-integer number of ivpicel velue of 2 or

20 more,

Depending on the required switching speed, eic, the nominal swiltching
voltzge Vg empleyed for 6riving the polarizaticon sizte of the ferroeleciric is
Typiceily selecied considersbly Jarger than the coercive volizge Ve (cf. fig.1).

However, it cermot be chesen erbitrarily lerge, since the pulsing protocols

25 described here shall only recduoce the disturbing voltage 1o a cerizin Iraction
(typically 1/3) of Vs, which Jevel should be Jess then V¢ ‘
Before proceeding 1o a discussion of specific pulsing protocols, it mey be
useful io review the problem in a generalized fashion, with reference io the

satrix shown in fig. 2. For easy reference and 10 conform with stzndard

20 usage, it is henceforth referred 1o ihe honizontal (row) end vertica] {column)
Iines 25 “word lines” (abbrevizied: W1) end 7 bit mes”(abble\ zied: BL),
respectively, esindicaied in the figure. 1t is gesired 1o cpph 2 voliage that is

suiiiciently high to switch & given cell, eiiher

pOlanzeiion direciion in thei cell (writing), or foy monitoring the discharge



(typically 1/3) of Vs, which | evel should be |less than Vc. Before proceeding
to a discussion of specific pulsing protocols, it nay be wuseful to review
the problemin a generalized fashion. with reference to the Matri/xJASHO6EN in
"jig. 2. For easy reference and to conformw th Standard 30 usage. it is
henceforth referred to the horizontal 4 ow) and vertical (Colum) Ilines as
"wordlines" (abbreviated: W) and bit |ines" (abbreviated: BL).

respectively. as indicated in the figure. it is desired to apply a Vol tage
that is ’lcspf)fls@l(ﬁm_hﬁlahlfgdibd@hﬁw,’t, che aﬁgn\gee leCedd oyesletthxedf themadefiinisng ﬁ

gi ven po iztion.directi i a » (Wi tion nonitoring the
d|scharg%ﬁ&mzﬁaﬁﬁﬁlﬁédﬁoﬁ aPQgﬁEHESSESEQdFﬁ@$ Iﬂ%%a Hé%9t the cell is

sel ected by setting the potentials of the aSSOCIated word and bit |ines
(the "active"(i neD,.semh-t - ¢1)=(MMacti veBL - 2ctiveWl, 5 At the sane
tinme, the nunerous word- and bit lines that cross at non- 5 addressed cells

nust be £OBkE 0hhediihe ﬁmﬁame%baw@é}dtmu Elhﬁn@g&hwbﬂdag atqldages at these
cel I.s are, kept bel ow t he hreshoJr artla $W|tcﬂ%hg %Fach of these

"i ndct i VAAArgeTel calhti it UG peatre Bgéntplﬁ’ enfadli spehpibal INgjne at a

non- addr\@cﬂ$@éjescfﬁ| thes&b8E rdr@@ketp@ Hell@w tBe tAFEShBA €6r pAatal fsevuftcm inct
cl asses gf cel | s can be .defined mat ri x ccordin & percel ved 10
vol t agesEadt 854n¢55e @éFPé’e i OG- mc&%adtqe\;ecggss IRPAEHY Y &{45de wor d

I(l1 )ne Cr Oisié agaafdri x@dmstsedildm F(éf@@flﬁ@k@cﬂ,ge@,@ie' aoﬂesl)thm four ﬁBtﬂe&tl veBL -
activ : |nact|v I ne A

acdveBL & ?aﬁréc(f ?/‘el can %ﬁa%ffln%%f %ﬁ‘éxc?%%cgl il%lth?/geﬁ‘f‘?”)‘aidne 15 |v)
Vi v0= QOwgedgesedross @Jmaehs.\/e\/\L ; I nactive word I ine crossing inactive bit
line In practical devices where it is desired to mnimze cost and

COMPL exi§yid i@ .ol PriRry, | DURABN w0 BGUS o0 ch et aliagase where

all inactive word® 1‘“%19 ar'e common potential G nactive

cor r espondi (ige yelkacted galddive bit lines are at a cormon potenti al

(Di naeti VeaL . By sunm ng voltages around a 20 closed loop in the matrix
grid as ighown=i ®fi g.8, t®e.f.0ll owdnfg/ecwnddiﬂﬂn@rtroapiplgi @gctip2)b¥ilime Vil -

Viii - Viv Gven the value of Vi = Vs , the m ninmum vol tage val ue attainable

across tihg \nan; ag%ggefseé,,,gce'vmI%MH% w354 (k. MoksiFiMditvd bi Mie! = Vs /3

1
15 V) Vi, = Qinactivesl - Pinaciivewr © Inactive word line crossing inactive bit line

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 ®i,,civewr , and correspondingly all inactive bit
lines are at a common potential @i ,uivepr - By summing voltages around a
20 closed loop in the matrix grid as shown in fig.3, the following condition
- applies:

(2) V=V, + V-V,

Given the value of V; = Vg, the minimum voltage value attainable across the

non-addressed cells 1s thus:
25 (3) Vil = Vi | = [Viv|= Vs /3

To achieve this, at least four separate potentials {1.e. @y, o+ Vs/3,
Dy+2Vs/3, @yt Vs, where @ is a reference potential) must be imposed on the
electrodes in the matrix, and any change in potential on one of the electrodes
must be coordinated with adjustments in the other potentials such that no cell
30 experiences a voltage exceeding Vs/3. In practice, several other factors must

be heeded also, e.o. related to mintmizing switching transients
3 = ] =9



To achieve this, at |east four separate potentials (i.e. 0o , q)p+tVs/3,
cp0+2Vs/ 3, (Do-Vs; where (Do is a reference potential) nust be inposed on
the electrodes in the matrix, and any change in potential on one of/ tAe2005
el ectrodes nust be coordinated with adjustnents in the other potentials
such that no cell 30 experiences a vol tage exceeding Vs/3. In practice,
several other factors nust he heeded also, e.g. related to m nim zing
switching transients - 7 JAN 2005 15 (charge/ di scharge currents) and

reduci ng (har ORI @AEEY cRfrehhg Afd MG in EithE Wbl ex kEOYhhERG 4 hpul Sing
protocol s  such as tho3e descri’bed bel ow."One exanple is an overall shift in
pot ent i al STHAINGdEFIY UGS BubiiSHEE PHJCCAE suteas Yuisedfsctiged belpaurOnevel s. 5
Exanpl e IixaHpRers! 8Y6YelaMSdR 1 irﬁﬁ‘bie%fﬂiamgbpra@td%@br'sﬁb&%&%iﬁfgﬁh%ps%%é" cases,
a sinplified puIS|n%_proto ol may be used; where all inactive word and bit
lines ar e/Yiadenta plé §éﬁ§“ﬁ§§ential, i.e. V;,, = 0. In that case, the

m ni mum vol t age val ue attai nabl e across non-addressed cells becones: 10 (4)
V.. 35 Viiixamyy 2: dhdeateaddMs/2 hswetchepapatiecpbt enti al s are needed for

managi ng ;the w.ite an read raki.qns (i ..e, , -Vs/[2, totVs;.,where
(Do is a IPe?e rgéﬁ’cs ecb tceaﬁgi?’azf ?Pﬁgﬁ%ﬂ@é&wﬁo&)&% rg%g&e«a’ 3%)%@’t‘|’v§feres%1tchi ng
may representiva veerd aus bprlobt eare g5 catthedamegpoleail si.of VYs# ). Inethder i ng
three-| cherep{qoé 8138irﬁ i é@?id;% aﬂw@}é% ﬁr%@?n%ﬁg&? reQlepaLjial swtching
at a given applied voltage pends “explircitly on the terroel &ctric materi al
in questitmronResf-erring to fig. 1, materials with a square shaped hysteresis
curves shall in many applications vyield acceptable perfornmance. 20
Recept |y, cert@n cl/assws; of figrzoel ectrics such as organic polyners have
recei ved nuch attention as nenory substances in advanced data storage
CONCEPL S. 5/} 1 AULLT 8 L0 BIRE LA ACLIY G1cb B Y5 LF1arbBEFE IR A1 Bhe €XNI bi L
hysteresis curves far notre square shaped than those of the ceramc
f erroel ecerideperaaonhéve ©padbsivedl [Boddgri whedPdeyeleperemes in the field
of 25 ferﬂ&géﬁ?t)r_i c- based non-vol atile menory devices. Thus, it has becone
to de

rel evant I’ne pul sing protocols which can satisfy the requirenents of

listi d optim lectronic device designs. Foj | qwi th
artial ASRCETPRBUBEEhEER o RatL i SENUFRsca HEOR SpReRC-ART SR Pt i on of

earlly at voltage levels of Vs/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,
materials with a square shaped hysteresis curves shall in many applications

yield acceptable performance.

20 Recently, certain classes of ferroelectrics such as organic polymers have
received much attention as memory substances in advanced data storage
concepts. In addition to other attractive features, theses materials exhibit
hysteresis curves far more square shaped than those of the ceramic '
ferroelectrics that have traditionally dominated developments in the field of

25 ferroelectric-based non-volatile memory devices. Thus, it has become
relevant to define pulsing protocols which can satisfy the requirements of
realistic and optimized electronic device designs. Following upon the partial
switching problems that discouraged development and exploitation of early
efforts based on three-level switching protocols, these aspects have received

30 very little attention, which the present invention sets out to remedy.
Now examples of preferred embodiments shall be given.

Figs. 4 and 5 illustrate some three-level pulsing protocols according to the

present invention, comprising a complete read cycle and a refresh/write



efforts based on three-level switching protocols, these aspects have
received 30 very little attention, which the present invention setsjou h@
remedy. Now exanpl es of preferred embodi ments shal | be gi ven. Figs. 4 and
illustrate some three-level pulsing protocols according to, the present

i nvention, conprising a conplete read cycl e and a refresh/wite - 7 JAN 2005
16 cycle. Only the pul se diagrans for tihe active word- and bit lines are
shown. The inactive word lines nay be kept stable at Vs/2 throughout the
read/ wite cycle, as nmay the inactive bit lines. Alternatively, the latter
may duri nytheOnhede Eybblved BEEHNBHEOE Hifhaet ¥el WA 'Ch 2addapAngs & 18 Sheavn.

anplifi erThé’WHéE:'ﬂN’éPWo@d tPFhe'é r%'a@%%dké}ﬁ%alt) *&eathED' ﬂh%ué’%ﬁtat%% whenwti e bit

line clanmp i s released (fu row. readout). the diagrans shown in figs. 4
and 5, tH¥HG.mS fﬁtéifktéﬁ§”é‘?%vé§” FiBEs- aexéterrtadwelwﬂtr lattse max EHEdE Hd i ve

pul I down £94Qvtfd 8adh) bercowlekt% HRthVe sebhiale séﬁsJQm%@ﬂér wiBth \bbam gkanp
rel eased - sense anplijf ON tz Bit line deC|S|on¢ ata | a&c hed t3 Wrd

| i ne°r et UHAP ﬂ@arqthe%éme veltege pvhen (s bid 1 alamn bgn’éfde%vr?db ) ronwes t5
Word |ingepabh@did ohd/gi{drhehs Howoh lﬁeﬁgs (@ h8d 5Othe tiBR fT@REEs afe@pacCi tors th
Wrd line returned to quiescent Vs/2 t7 Bit lines actively returned to Vs
(fig. 4) f@ﬁ o3 o (fig. 5) clanp t8 Read/wite cycle conplete The read cycle
i nvestigates the state of the polarization of the addressed cell. 20
Dependi ng on tthe poWarridZand datcdied exttionputliewretdl dfigrét opultmy toelye t he
pol ari zati on unchan@? or it may reverse the polarization direction
(destructlve r ead) he Iatter case, the information nmust be refreshed if
8 desired avmlg | 0ss sto ed data. This ,légp that the polarization
rrust be drivéniin Hé”&ﬁaﬁ P EitPRe i T s6fA Tt PeliFeat N operation in an
appropriate cell 25 (not necessarily the one that was read) sonmewhere in the
matrix. This its: acBitdvesdbyisidve—pdate lafchede prot ocol dedicated to
refresh/wite, as showmn. The two branches in the bit line voltage protocol

correspond to(the cpsgg IWMEF&urned to quiescent Vg/2

ty - Write data latched on bit lines
ts - Word line pulled to Vs (fig. 4) or zero (fig. 5) - set/reset
15 capacitors
tg Word line returned to quiescent Vg/2
ty : Bit lines actively returned to Vg (fig. 4) or zero (fig. 5) clamp
tg : Read/write cycle complete

The read cycle investigates the state of the polarization of the addressed cell.
20 Depending on the polarization direction, the read operation may leave the
polarization unchanged, or it may reverse the polarization direction
(destructive read). In the latter case, the information must be refreshed if it is
desired avoid loss of stored data. This implies that the polarization must be

driven in the opposite direction of the read operation in an appropriate cell

NS
wh

(not necessarily the one that was read) somewhere in the matrix. This is
achieved by the part of the protocol dedicated to refresh/write, as shown. The
two branches in the bit line voltage protocol correspond to the cases where
the polarization is left unchanged and reversed, respectively. An isolated

write operation is trivially achieved by omitting the preceding read operation.

30 As shown in figs. 4 and 3, it is clear that non-addressed cells shall not

faw]

receive voltages exceeding 2 of the nominal switching voltage, neither



the polarization is |left unchanged and reversed, respectively. An isolated
wite operation is trivially achieved by omtting the preceding reaq‘MN2m5
operation. 3l} As shown in figs. 4 and 5, it is clear that non-addressed
cells shall not receive voltages exceeding' /2 of the nom nal swtching
voltage, neither - 7 JAN 7005 17 during, reading or refresh/witing periods.
In addition, one notes that there are 1 ncluded event delays in the pulsing
sequence to facilitate transient ring- down and |atching of data. Depending
on how taﬁnm%nrya%mer)rg&re:éhm ARz APRIAL Eflakifieo bl ind heespma%n hEdl gl the
qui escent st at et ween r8adl refresh/ wite cycl es e chosen to
mat ch t haiclofled saent ﬂel&YﬁeﬂdbetméSI%tweﬁﬁett@lefaﬁleé@ltucVéﬂele(léfrmg*l gs. 4 and
>) Or 11 dBBh B ehichlify ilaaerant erpﬂhs ¥l Bbwothe! HEmMRY dievi 08 i{ BObeShown

her e) . In the forner case, appro rla t8 en cycling s i ntense and at high
speed, charyitag durbiehine potenhial 4p ke qufeschet siaéali-eyedtevesne nini m zed. In
the attes /Rt fhegtse @foseR tbIRe 0 ofitgL &if Nk s (e.g
i mpri nt)?aarde??%?)slddg\gge Cﬁrmﬁ?rﬁ 9be cloesar that&%htehjaeff'grrp{%es1 S OV\hﬁ t:ﬁ% figs. 4
and 5 maytaseofbas feasticyqle.(§f Bgs coHredry)er it ShyY maigh ohe guiegsenént i al s, or by
m nor deg@fédﬂa‘?%ffth@rﬂfo@(ﬁ%k (Yx%'t%ﬁ@@n'k?é‘f@bsm nh&*rerrﬁer 8gsd & troé?ﬁ?ém shown)

wi t hout epartin from the essenti al pr|nC|p es il ustrate reln
Exanpl e ¥4 ernow r“e/esr It SBING @ Dl FRESSH NBEDINSASLTARRISIItIEE HPHVE, th@y

enpl oyi nge At cw@s&tre%mlﬂlgé@mn oat erttet @bsé Avabsteom dffectswer sh apgh Rkl | nes,
one _can gnfié%ﬂw%at no non-ad gsse experi ences a voltag exceedlng

1/ 3Gt Feldiul ?@hl‘WQ’WH taé@évo e Gs. 6 and 7 illustrate two variants
of a preferred schene for reading as well as 20 refreshing/witing data,
accor di n@[ thoulddeprlesetitati theenxtainoples sepen inhegsi frendrfankeor se anedidsed ol | ows:

: ce S L | t_ 2V [ Vs/ 3
(f| g. 7) F% % C%%@&ﬁier?gc{jlm O{gpﬂjrggsﬁtéé P gfgg T%lo%j(g%éaég‘%gﬁ%vg{ ue to Vs/3
(fig. 6)exent VNI (eviefs imiha Qareeﬁlamie%:skednwl@owme(ls*)oetdqlm*éme Bows (fig.

6) or 0 {{fd gssehtial ?Hﬁ‘?’epl@@hmﬂsu'éoéﬂ frerdiq. t, is arbitrary; zero or negative
timngs are accepta al so

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

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

20 refreshing/writing data, according to the present invention. Here, the time

markers are as follows:

to : Quiescent state; all word- and bit lines at 2Vs/3 (fig. 6) or V¢/3
(fig. 7)

ty : Inactive bit lines adjusted from quiescent value to Vs/3 (fig. 6)

25 or 2Vg¢/3 (fig. 7)

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 -

t; : Aftera programmable read-set up delay, the addressed word line

30 is adjusted from quiescent potential to 0 V (fig. 6) or Vs (fig. 7),

a voltage of magnitude Vg between addressed word and
bit lines. Unaddressed word lines remain at 2V/3 (fig.6) or Vs/3
(fig. 7)



t3 After a progranmmabl e read-set up delay, the addressed word line is

adj usted from qui escent potential to O V (fig. 6) or Vs (fig. 7), g?vglaage
of magni tude Vs between addressed word and bit |ines. Unaddressed wo dAN ilie s
remain at 2Vs/3 (fig.6) or Vs/3 (fie. 7) - 7 JAN 2005 18 5 10 15 t4
Addressed word line returned to quiescent potential after read delay t5 Al
bit lines returned to quiescent potential t6 : Read cycle now conplete. Al
word- and bit lines in quiescent state (2Vs/3 in fig. 6; Vs/3 in fig. 7) t7

Al inactive word | iArngge%fgth to?Sl(lf éjxtr@ct)ﬂﬂ{e?ﬁﬁ)_e ielsQeMSh Srehihig-arByr reQf 2VS/ 3

(fig. 7) is : Address i ne(s e witten to Togic state "1" are
adjusted to 0 V or &8yl eft at quiescent potential to remainin logic "0".
(fig. 6) Addressed bit line(s) to be witten to logic state "0" are

adj usted to Vst.or: apgl beflinéd raqutesCantupnicent palential remain in logic "1
(fig. 7) t9 Addressed word line is adjusted to Vs (fig. 6) or O (fig. 7),

introducing a yolta f I .:acr dr. LI do dr essed
bit Iine(s) re%ur'neg\%tag qui eg,?%?s%@%‘ ,q?&n) ag@%@g/@\%b(lﬁis%wg?gégf ter
wité delay ti | Al btapfdVisihosfigetturdd indigjuidescent potential t1, Wite
cycle conplete. All word- and bit lines in quiescent Apart fromthe

increased vol tgge | guplneiRl @¥rd Yinesheljbastdrbeayuicesedt ® V203 $fig1 bar to
t hose referred above ég/ zé)zgec bon with the three | evel schenes. Row
however, no non-addPE<sa e Vs exposed to a vol tage exceeding Vs/3 in
the course of a conplete read/wite cycle, which shall cause only m nor
partial switchisng i Adasssseidebit dalads) ta be vatiden abdogfc steteVhna@eehere. Agai n,
several variants on,a %HTP t RNerPosSSiie TS htiki 7 show a
25 return to zero aapjl%ll%g v(glot a%cge%cr ogs a .1 %@?‘} ﬁnptlae&gﬂ?@gzrggrﬁ state
(cf 10t he v ogic “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 717 (fig. 7)

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

15 t)p : Addressed bit line(s) returned to quiescent 2Vg/3 (fig. 6) or Vg/3
(fig. 7) after write delay

ti; © All word lines returned to quiescent potential
ti, : Write cycle complete. All word- and bit lines in quiescent

Apart from the increased voltage level complexity, the basic features are

20 similar to those referred above in connection with the three level schemes.
Now, however, no non-addressed cell is exposed to a voltage exceeding Vg/3
in the course of a complete read/write cycle, which shall cause only minor
partial switching in most ferroelectric materials of relevance here. Again,
several variants on a common theme are possible. Thus, figs. 6 and 7 show a

25 return to zero applied voltage across all cells in the guiescent state (cf. the
above discussion under the three-level switching protocol), which
corresponds to word and bit line potentials of 2V /3 or Vg /3, whereas other
potential levels on the word- and bit lines are possible in the quiescent state
that either yield zero voltages across the cells or voltages of absolute value

30 < |Vs| /3. Such variants shall be assumed obvious to the skilled person and
shall not be pursued 1n further detail here.



above di scussion under the three-level swtching protocol), which
corresponds to word and bit line potentials of 2Vs /3 or Vs /3, mb riﬁyﬁm5
other potential levels on the word- and bit |lines are possible in't

gui escent state that either yield zer%_ vol tages across the cells or
vol t ages of absolute value 30 < ~Vsli Such variants shall be assuned
obvious to the skilled person and shall not be pursued in further detai

here. - 7-JAN 2005.19 The ti di agr ans i are UI vaI ent in
A W T S I U Ry R S AURAR ERt T Rt e b

however, ’dneenta;i”bmplroelfefrk&dotmem phe:tmdﬂelowéﬁ)rmsone lma\sblaemmrshmm in

fig.6, i e ol t sen fier input d rlor;g e read cycle
near Vs .r?\fér{ %ﬁeo%gﬁe ufjf ﬁh%\XB\r)TBrﬁ ph‘é“‘?/lé‘?st %d/é) a8 8B This
may per mambhé‘xemsepm‘ dhawowmletmgé cycoapoaeints Iwi thie sahsmtgbéﬂg @h vol t age

5t I l e, 3: Five-| 1.3
Do oL e TEF Bl DAL S MR B AP oMY
sinply icphpoeetitedyphl s5imglphogboolmgemask vertsheoappt beatinen of five

different 10 potential levels to the word- and bit lines during a conplete

read/ wri tex £veles: FRPNE Gt BXTRLEEhYh o heeRIef erred enbodi nents are shown
in figs. Sgﬁndg The t|me narkers are as foltows: to : Quiescent state:

al | Word- #SDPE TGRS lytmots FOmE! £, big) ingger(ainFespe¢ly. mase §50P1Y - | nacti ve

blt ||nesinﬁ}ﬂleﬁ§é*@@'d?>mﬂh@ Uh @36 €5 mbuﬁe m éﬁl%e(tfdrgof@ve orfrensi3 (fig. 9)
. Addr essed adj.uste Ti me

i ne :
deI & frd}ﬁtepdﬁgiww§0§?%Mrér¢n dwi Cﬁlég%& w)@rre@lmt?]g%afg(wel ket abl e
al so 20 tBxplidh eRaniplBE @@rtwm?halfeﬂeeaans@ﬁlnw@fxt@e:lramow}eua@‘ sessggd word |ine
is adjus f.rom escent g%lntlal to OV (fig. 8) or 4V5/3 (fig. 9),
i nduci ng ‘?/BI”%%H% lﬁFrsnﬁrgan?{) OXfs* bet ween addressed word and bit |ines.
Unaddressed word lines remain at 2Vs/3 (fig. 8) or V5/3 <(f|g 9) 25 t4 :
Addr essed wor dol i neQuégssenediate: qﬂl\’é@@erﬁndp@ttémﬁsaﬂlf Ay sier(figad) ogdldy t5 :
Al bit lines retur &ig qui escent potential 't5 : Read cycle now conplete.
Al word and bit lines i'n quiescent

15 t; :  Inactive bit lines adjusted from quiescent value to Vs/3 (fig. 8)
or 2Vs/3 (fig. 9)

t, : Addressed bit line(s) adjusted to Vg (fig. 8) or O (fig. 9). Time
delay from t; to t, is arbitrary; zero or negative timings are

acceptable also

20 t After a programmable read-set up delay, the addressed word line
is adjusted from quiescent potential to 0V (fig. &) or 4Vg/3
(fig. 9), inducing a voltage of magnitude Vg between addressed
word and bit lines. Unaddressed word lines remain at 2Vg/3
(fig. 8) or Vs/3 (fig. 9)
25 ty : Addressed word line returned to quiescent potential after read
delay
ts :  All bit lines returned te quiescent potential
t¢ : Read cycle now complete. All word and bit lines in quiescent
state (2V/3 in fig. 8; V¢/3 in fig. 9)
30 t; : Inactive bit lines adjusted from quiescent to Vs (f12.8) or V/3

(fig. 9)



state (2V5/3 in fig. 8; Vs/3 in fig. 9) 30 t7 : Inactive bit |lines adjusted
fromquiescent to Vs (fig.8) or Vs/3 (fig. 9) - 7 JAN 2005 20 5 419 jug 780
Addressed bit line(s) to be witten to the "1" state are adjusted to Vs/3,
while those that shall remain in state"O' are adjusted to Vs (fig. 8);
addressed bit line(s) to be witten to the "0" state are adjusted to Vs/3,
whil e those that shall remain in state"1" are adjusted to Vs (fig. 9) t9 :
Addressed word line is adjusted to 4Vs/3 (fig. 8) or 0 (fig. 9),

i ntroduci ng a Vel t ageddfespedghit ude(sydo d¢r vsisteaddr dssad’ slerd esg adiusted

Non- addr essed word libnggar Grml dupdsc At Snill Per oIS etedward il s qrigt ur ned

to qui escent potenti al fer elay wite Al __l'ines retur ned
qui escent potential Yapfig. fviiaddregeadbiddimsi(er & bamriiendodha Bi't stethast i n

qui escent  Here, a fifitfe¥ablpge WaYi®l tholGhat SnalMYeuedin ktadeS1typEcal |y of
magni tude 4Vs/3, and’ is applied_to the active word Iine during the reading
(fig.29) or 15 refrashnsiedite Vs(g2-8) cycle. One notes that while the
four-level schenes in figs. 6 and 7 require all word and bit lines to be
driven at four thevelsddrestdd warduiseioidjuhedonpietie(figal) wr it €figy6)e, the

five-level schenes i.n . fi,gs. 8 9 ire anl hr e par at e ve} tage

| evel s to be appli edn{r8dghbn%ng%aioﬁeiﬁ%gﬁaﬁtlﬁge\é é%rﬁéga?t%gr%{ﬁedﬁ%?ﬁ{saenti cal
vol tage | evel s to baéNappldideessed whed bines 26mkimes 2VEHI s provi des
opportunities for optimzation and sinplification of the driving and

sensing el ectrqpy cs S4PRAELA R riNgn e tedir hREc &l pdichtieatifRy wegn be
realswed by choosing, 4Vs/3 = Vcc close to the power supply vol tage. Exanpl e
4. tching prot océi&ay nvol vi ng pre-charging of non-addressed cells on
active bit lines 25 So far, primary focus has been on avoiding parti al

swi t chi ng of ndn-: addll éssbdesettiusnediboauesscent poterdiado desirable to design
switching protocols that sinultaneously mnimze the effect of parasitic
current flows w,thi ryiiecycle complete. All word and bit lines in quiescent

Here, a fifth voltage level, Veg, is involved. It is typically of magnitude
4\/3/3', and is applied to the active word line during the reading (fig. 9) or

15 refresh/write (fig. 8) cvcle. 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

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

Example 4: Switching protocols involving pre-charging of non-addressed

cells on active bit lines

25 So far, primary focus has been on avoiding partial switching of non-
addressed cells. However, it is also desirable to design switching protocols
that simultaneously minimize the effect of parasitic current flows within the

memory matrix during the read cycle:

In memory matrices based on passive matrix addressing, the area data storage
30 density is maximized by using matrices that are as large as possible. This

implies that each matrix should contain the largest possible number of

crossing points between word and bit lines, and any given bit line must

consequently cross a large number of word lines. When a given word and bit



menory matrix during the read cycle: In menory matrices based on passive
matri x addressing, the area data storage 30 density is maxim zed by using
matrices that are as large as possible. This inplies that each matrix7 Sheulgs
contain the | argest possible nunber of crossing points between word and bit
lines, and any given bit line nmust consequently cross a |arge nunber cfword
| ines. When a given word and bit - 7 JAN 2005 21 line crossing is selected,
the | arge nunber of non-sel ected crossing points between the bit line and

al | of tmen@%s&%@% gg| ogfﬁﬁsheqawQLHbme%L%nxsgélwe% csERIZ 8epaRdi ngly
| ar ge nunber of a?a5|t| c current Teakage paths (capacitive, _|nductive,

ohmi c) m%wa%}yt%ut lhpﬂet@%ﬁav@fdfe‘wmméebrém%rc&ﬁw% BIEd 16 e CORThiN Ast
ratio of agofeafdoh®Wighy 1arge mndbeos. a%tx@&tub%tQEalﬁﬁ&'é‘Ehﬂﬁ thgaefthest of

parasitic currents onth eterm t|on logic statés' is to e- char ge
Phe non- dAdiES¥EdORBIPL VEHCE Reanas w@mowﬁ gwea%\@&@anéowc@@ﬁowa. ng to

t hat 3whi cdprivesdidahie appy-pachrdiduriragnidve)sr eadi ng of the active cell. This
procedure is inplicit in the voltage protocols 10 shown in figs. 6-9. At

I h
word 11 naopaimntini Bhiduckfe BRPRtHP g B AP et p s R 0 B ge s
shifted taf fagc rs@ads cytd praraheege dreeladmmgidaewldt@t@ks dni &dlsc betiwvednt time acti ve
bit I'ine andald c‘é@féjslpohﬂﬁrﬁg 'E"Aét W g{o‘?ﬁﬁi ‘o@%pﬁ#ﬁﬁ&}?&? dﬁ%'irnroe{}le f' ows in

all the non-active active ese currems
typi cal | yeaging ahshentctive @131Ieffthlﬁ@f@ﬁﬁ@fﬁzaﬂm@rﬁlo@hﬁnﬁrﬁsh@tﬁge tphethex bs, and

di e gut %rao%@mgfo%a%' y_ Ak mq@é %'&)‘?ﬁlt @;fie {%FR%%)? QJ ﬁ%maﬂw% vfe»rtarmkgtgg the

time gap bet ween POl nt : fircien ng, spu 7 ous
current d@ﬁbﬁmmeowgr%ﬂw@t tWtP@h‘i”hé] xelﬁh@ ST CEHSedC G PHgliERe readi ng

cycle are/graat {sysidbRidnioshekad &yzéteadanuélmebﬁhbwsongh@rbeast Befhbsh gehene: | f
the tinme gap etvveen tqﬁ]rrﬁ \gobcgﬁs 20 E and .3 beCones véry g it has

obvi ous iArpivechttilBifsanh 2 hi&o Re§cBESINIEAKS an??“é\%%sacl‘q”? b@owcirb time.
Addi ti onalll yhe hbe-auting @dlisven eh ectivefbit tiepeahese cyﬁdehrngaw typikeny

pre rint, which was

h
soubﬁ o 3%)5?%(% Tb)feﬂﬁﬁyﬂ% pfg?%%ggi%gé)g%goég%s@%el Ce&& |CH the Gquikscent
st ate. ZEgr?EhE}y\cbhnagﬁepiraﬁa:rca)lshdrtagnanﬁmuls bygsaklﬁgjlﬁbctmacga;sbevwedﬂe sense
APl 11 b 08 OO TR ALY, (EBMURRSE. 0. IR ndeREn AT HEON hhe

dynam cs O epolarlzalons FTOUS “CUrrent response-in the
addressed;vamdnmgmurhentﬁcmna@djrielssgdth@endasimghgdceafsgrmﬁmd‘ummssnm?st be

activat e @il 1ifdiMRions adhere to this scheme: If the time gap between time points
20 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
across all cells in the quiescent state.

25 The voltage protocol diagrams in figs. 6-13 do not show the sense ampkliﬁer
- timing, which may vary from case to case, depending upon the dynamics of
the polarization switching and spurious-current response in the addressed and
in the non-addressed cells. The sense amplifiers must be activated after time
point 2 to avoid the spurious current transient from the non-addressed cells,
30 and not much later than time point 3 in order to capture any polarization
reversal current in active cells that are switched by the read cycle.

One notes that by advancing the time point 2 well ahead of time point 3, not
only the inactive cells on the active bit line are subjected to an early voltage
bias of magnitude | V¢/3 |, but also the active cell. Thus, some of the

35 switching charge in the active cell is drained away before the sense amplifier



point 2 to avoid the spurious current transient fromthe non-addressed
cells, 30 and not nuch later than tinme point 3 in order to capt ure_amay 5
pol ari zation reversal current in active cells that are switched by the reéead
cycle. One notes that by advancing the tine point 2 well ahead of tine point
3, not only the inactive cells on the2active bit line are subjected to an
early voltage bias of magnitude 1 Vs/3 |, but also the active cell. Thus,
sonme of the 35 switching charge in the active cell is drained away before

t he senseaaanpleinfd®@mectdd JANE 200Mmi22ichas tibeerffeanmddtkds uhkesiraghs suche of
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process in,: ive o WLt i mi tati ong i | Wi t he

pr efghar Sgtly%gbﬁts?‘gltﬁts\ﬁdi“rcﬁ%%ér%nﬁggg%asggdﬁyéﬁ%lé.Vig%tgzgag%ée%gg{é{nﬁfa{r}gjm figs.
10- 13, themeol uagkangedet dsis vrdne addn éssedacel Psiesalbnags ntalionadhde at

| avel s ar i ont TiRCipeiomy p by RS beoeti iR 261 BTPFaa Rtk oK E FE°
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to, e.g. [thesflonrhbeayvelodifidng hdiad! am shaymwasd didds abe noWhehwsie=ahar ge
schene dg)zcrl bgg.l nth abo've1 a[ agraphés i mpl | e_sdt hath,t he 25 active bit line
has been“ShMY &G 1t 1 BYEEYEl B YRS SLRRHECHGiI HEC2: S8 ensui ng
parasiti grewonent.s have been significantly reduced by the tine the active
word line is switched at tine point 3. The logic state in the addressed

Example 5: Switching protocols involving a reference pre-read cycele

20 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.
The pre-charge scheme described in the above paragraphs implies that the

o
n

active bit line has been shifted to its read cycle value at time point 2, and
ensuing parasitic currents have been significantly reduced by the time the
~active word line is switched at time point 3. The logic state in the addressed
- cell is determined by the sense amplifier which records the charge flowing to
the bit line during a defined time interval that starts near the time point 3 and

30 stops before the time point 4.

Ideally, such pre-charge schemes shall enable detection of the charge flowing
in response to the shifting of the active word line at time point 3, without
interference from parasitic currents through cells at inactive word lines. In

practice, the parasitic currents may die down slowly and/or have an ohmic

(O8]
wn

{1.e. non-transitory) component such that some parasitic charge is captured by



cell is determ ned by the sense anplifier which records the charge flow ng
to the bit line during a defined tinme interval that starts near t-hgJAN (85
point 3 and 30 stops before the time point 4. Ideally, such pre-charge
schenmes shall enable detection of the charge flowing in response to the
shifting of the active word [ine at ting point 3, without interference from
parasitic currents through cells at inactive word lines. In practice, t he
parasitic currents may die down slowy and/or have an ohmc 35 (

non- t r ansiH08p)s e CONPRABAL A Siueh chhat rﬁ@ﬁﬁttp@é asiid gdpmngeuhsen@aptur ed by - 7
JAN 2005 23 the sense .anplifier. Although the magnitude of. the parasitic

current %%Wﬁ@ﬁeﬁt flOMEREHGT ThE b SaFh §88ha s srdurds sBdhe @i venP Gt i ve bit

line mayrhe sghlag) the corehentsnt hQHHFBHBdcb’redﬁ)u@én&@@ﬁ%@'ﬂd%@ﬁes@@@t@ﬂﬁ'r essed
0 becone S|gn|f|can

cells on the actlvgbblt l'ine y add, u E

cor r upt i ng" thie 2CHEaPBLINF 4BRY 28 “@s%?r“r%ﬁ“%tv%?/élcétt wa%oqocrt%tl@oé Adi ti ons,

suchsa pafsagblit et ri bution may in principle be renoved by subtracting a

fi xed amount of charge from that recorded by the sense anplifier during the

readi ng ngéﬁniébé‘ S{EBY aB'd NRbang "tﬁt’t%s Loe %9%%9?0%@%&%5“' ity of

the parasitic contrl ut’i onma |S|napfp€ng hus, 1 n addition to
t he manuf@meyuniprgnciptd éﬁaﬂm@s/eﬁdw ttttetrarém&é Itdbamaning o cirage fpemnt

hi story At Y of e @n&e éfter@% glEérlfa%tl\f@eﬂtectaetaﬁroeetceett%nmythe same

nmenory devi ce an on nd e paraS|t|c current may
depend sttﬂéW@IC}@Sub@WWﬁé tnaéva%@tt@nﬁéiﬂaftamaév 1hty phehe pAsas#icread-out. In

addiipi on, cdrh?ib@@fcﬁﬁh%k@s eRisrieRpp %r?@c@onfh@é eth W dificd @ emAanraddrggsed
cell on the activ meng{eteen hloglcstateltlsm In
a

that casetol#HENER Pathw@ewap Al el tmprl&tn ISOLY HoH. XAt 848H8 cells on
the activeidy linlitnBeshadd ddepend cons tihehs ehmef mdaiory dhvecedntrevehose cell's,

whi ch defl es tion rder..to obta n a true asure of t e, cunul ative
parasi tic' (:u?[a?%‘hgé P %@@%ﬂ@éﬁt‘b%“wftﬁ 2% @%“rtﬂﬂ@a%uty A one may
i npl enentdevipe eerl“l@adatuf@ﬁE[mUmé’C(yﬁf@daSUE)&ﬁrﬂﬂdiﬁbﬁdthﬂpfxlleglﬂd cuTtmtpre read

cyche | MRALALELY Rieqcres, the Leadiont coye)euand g LR Trom oLhe d et ter

I n onIy one respe he ac I've Wor Ine 1's no
all. The csené“ec}artpgncfstete utss aot Invetaédab o thhe eonsBkyve parsuie eirnentsirom

relative Ababa-ddiecblds Leoyaht 308, SNl iseanal Saimcasent net Be daubsequent
read cycle us e cumul ative char etected “during the pre-read cycle
shal | corste mjthose cells, which defies prediction.
In order to obtain a true measure of the cumulative parasitic currents in
20 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
at all. The sense amplifier is activated in precisely the same time slot relative
25 to the bit line voltage shifts as is the case in the subsequent read cycle. Thus,
the cumulative charge detected during the pre-read cycle shall correspond
very closely to the parasitic current contributions captured during the read
cycle, including contributions from the active cell. The detected charge from
the pre-read cycle is stored and subtracted from that recorded during the read
30 cycle, yielding the desired net charge from the switching or non-switching

transient in the active cell.

Clearly, the effects of fatigue, imprint, temperature and logic states are

automatically taken care of by this referencing scheme. An important

prerequisite is that the pre-read cycle must not materially alter the parasitic
35 current levels in the read cycle. Thus, the delay between time points P6 and 0



very closely to the parasitic current contributions captured during the read
cycle, including contributions fromthe active cell. The detected chg(rigﬁ 2005
from the pre-read cycle is stored and subtracted fromthat recorded during
the read 30 cycle, yielding the desired net charge fromthe swi tching or
non-switching transient in the activexgell. Cearly, the effects of

fatigue, inprint, tenperature and logic states are autonatically taken care
of by this referencing schene. An inportant prerequisite is that the
pre-read @ycke. ms)tmti@xtb@aﬁﬁnmhksfoﬁbieeliezxmey@@rmmms&@ @M:fdi@ﬂh ligvel s in
the read cy cle. Thus, the del ay between tinme ts P6 7 JAN 2605 24
(or. g S e b S dr T SRR on by B Ead SYAES T emner etk SV @ o down
In  certabta¢@seprbvocidle ﬁ@falaume&swlt\tesmesd@adr ¢y chesedryybe. enpl oyed to
obtain a }%I Bvrodum hl e parasitic urrent zeﬁonsg glrl or to the read cycle.
However, TRAVEYTcHEAdBEIRoRDLaRIR 9“&1‘1@“@0@ 85886 ne. 5 I nspection of
fig. 14 in conjunction with the four |evel pulse protocol showmmn in fig. 6
show® hownspecpra-afefig. ﬂéﬂer@m@n@ty@m av il Tmuf@mre avey phése prpoembabewf or t he
ot her pul gerpr @t VIR - rivial

ext ensi on ﬁr;B @e%fab)%sshﬁgtgllﬁ%eb%n t g@%ﬁgg&t E{}?ﬁ@% mégybé le 6: Switching
pr ot ocol simpheansitag f@fﬂh%@%@ﬂ palgepropropes Céﬁétfﬁbb}’ébh@ﬁ@sﬁrﬁrm@ﬁr’l@@rﬁh/ent i ng
or allevi I & r Leedcs | n non-addressed
cells on 2}(3%1{?3165 rl}?(tt%élqﬁg?%ﬁlaeﬁéﬁ%agb%qegggc@? ergge%élggr ding to Equation (2)
above, t '§t ur bi nI% voltae AN None a%ddr ssed cells is Vs/3 (cf.
Equati on 3 : : ' t+48ed in conjunction with
t he Iﬂour Yandnibthﬁe-slcéxzeﬂe mmchcctumgephogmd feviaBng thhgwnblemachiaeies this. As
w | e e eto

devi at e gé \/vﬁ%cteg‘f“?o}rhil n|lls”5r(1:r Gé%%c?ﬁ & éﬁvgrrll atcﬂ aﬁﬂﬁ?‘%ﬁg%rgm{&%ﬁ% exhi bit
certain cteicadieski stics regarding their electrical i rrpedance and switchi ng
properties, it is possible to achieve a | ow 20 parasitic current |oad or.
the bit |Aseolinkng T-F@@dl@p@}ahb@m@,,thmhhirerxatmtd]@rﬁar@ vb]tﬁgekﬁﬁﬁbﬂg

di sturbance, of the non | assuned t hat
the sel ect®Bdcadfq C§ids é%%dg%f%ﬁeéj%uai ﬁgégd\)‘%e-pr\ﬁ’ “rcﬁﬁﬁj “r%qu WEEINEr i od when
t he lfrenordesmatbed al Pmmyuhheocelv[t whdebgoesnpdiar-laatlisentclsngtpobitogolsThus, 25
(5) Vs = »\v/éxle g-h(w?fli]to'ac\lqié/ve 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
electrical impedance and switching properties, it 1s possible to achieve a low

20~ 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.

It 1s assumed that the selected cell is subjected to a voltage V; = Vg during
the period when the memory material in the cell undergoes polarization
switching. Thus,

25 (5) VS—'V Tvm - Viv

It 1s desired to lower the cumulative leakage current on the active bit line which
flows through the non-addressed cells on that line. This can be achieved by

lowering the voltage across the non-addressed cells by an amount . Thus,
(6) Vi = Vi -0

30 According to (5), this increment must be compensated by a corresponding
adjustment in the voltages across the remaining non-addressed cells:

(1) Vi- Vii=> Vi -V, +8



It is desired to |ower the cunul ative | eakage current on the active bit line
which flows through the non-addressed cells on that line. This can 70e v 900
achieved by Ilowering the voltage across the non-addressed cells by an
anount S. Thus, (6) Via - Via - S 30 Accordlng to (5), this increment nust
be conpensated by a corresponding adju§{nent in the voltages across the
remai ni ng non-addressed cells: (7) Vii -V, v V, V, +S - 7 JAN 2005 25 In a

| ar ge mat the u el gve na t1 it lines
(V9 or ebt Fyeaintrpers fumE pecthy WibrARHN bRl P stV BRSLERGE o

i nactive GVL)OKmﬁgcﬂthnmpﬂﬁunmﬂsnwnbanhenmve«ndlw&usbmnb@anenatﬂvuon

non- addr enaedeel Salifehbe 1 BN A Q0B JIRY dherel e mane bhe.r equi rement

that V. sha ensate for the re ron1h Viii , in
whi ch casmatmk, CbrafsmaQS)er Ore\ﬁnp{-)8° @ie coursaent hha Vs sidt nohee chhygpdssi bl e
choice, b e at e under st andi ng of

t he (t;ga3| cyém?%%%g‘?&r t|lPlnvo ?hué"q&k%sgl%a%%%%é%ﬁ[ woul d -be nodi fied such
that: Vi Vs, i —Vs/3+S 10 Viii Vs/3 - 8, Viv= -Vs/3. This can be
achi eved by, e(@ Ié/avr—ngvtx ﬁeg potentials on the active word and b|t | i nes
unchanged while adding 8 to all inactive word and bit lines: WV VS =

Qact i veBLOS c@acstel, teWlis ndahe velywoskiblervbotre) et iighatitheva suipiet! Hdra@ftértﬂme

sel ect ed . / . b = -t'nat vesL + 6) - tacti'veva: Active
word i nef;a lrl%gs'il er%trqggxtnl Ftsoa%%che“m(ng \ﬁ vorv gaV /3 - (DactiveBL -
(tin2ctivew + 8 | nacti ve vvord line crossing active b|t I|ne iv) Viv =
-vs/ 3 = (Thnaths e’eLPFDtC@PI wquid hadnedied sueB)that YagtYueVmords/20 Pi ne

Crog® ng_ynackiye. 81y, W ne.Ihen FRoRIfUs e oSt 108iREIRC LBE Ml ofue

consi der atf t'o t wo con icting requirenents. | t should
be as | arge aefélvso’s@’dbarei bihlings deehangedi whrxhezeéidpfsg ase @ildnwnreewpm and
contributjemgeto the active bit line. On the other hand, it should be as
smal | as possible in order to mininize the 25 di sturbance of non-addressed

cells. In practice, a_dgcisi.on nust .be nade Faseg on;the specific
condi tions preVailinNg T NSeachewatie. Taiewer mGrid iy OTs s G0 ?fS\}mact ‘Boer sons
skilled in the art bhding fideededcttedcall)y

15 11) Vii = V5/3 +8 = (q)inactiveBL - 6) - (DactiveWL: Active word line

crossing inactive bit line

1)  Vii=Ve/3 -6 = Dcivenl - (Dinscivewr + 0): Inactive word line
crossing active bit line

i\’) Viv = ‘VS/" (q)macnveBL 6) (CpmacuveWL 6\ Inactive word
20 line crossing inactive bit line

The magnitude of & must be selected with due consideration to two
conflicting requirements: On the one hand, it should be as large as possible in
order to minimize parasitic current contributions to the active bit line. On the
other hand, it should be as small as possible in order to minimize the |

o
n

disturbance of non-addressed cells. In practice, a decision must be made

based on the specific conditions prevailing in each case.

Furthermore it is well-known to persons skilled in the art that the electrically
polarizable materials used as the storage or memory medium in displays and
memories can have a non-linear voltage-current response characteristic |

30 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



pol ari zabl e materials used as the storage or nenory nediumin displays and
menori es can have a non-linear voltage-current response characterist/i \N B
whi ch nmay be exploited with advantage when inpl enenting swi tching protocols
i nvol ving of fset voltages. Such non-linear response characteristic may
however, also be dependent on the specifhic material and its treatnment - 7
JAN 2005 26 and factors which in the present context nay depend on the

pul sing protocol paraneters actually used as well as design and scal e

factors. Thigstaceplsi@hidMat thd bLé’é‘eH cBEtd:ARRSP UBh&nd %n%ﬂ%ﬁkhbepﬁh@eé
beneficial exploitation of n | i near vol t age- cur&e%@ﬁér% nse i

non- addr e PEEFTEEIP ACIBYLY VARG aarwe agplesign énérﬂaé $ VPRYCEHPAT Ki nd

of reSponS@musaehﬁ stdbRCto genémlzemﬁut%tb&ﬁe@&aﬁ@%ﬂo@@a@icﬁl bp each case.
However, any eurls cs of this kind shall be consmﬁ? to lie outside the

scope of {IF&" P@%reﬁ? LaBpIGEER T IRSP Bl BOT adlﬂuF?Setdo% e XU LRGN t er nat i ve

routest o redudidgm®iodeinent Nt b v g hBlSS}ﬂHUI mspumemusmeo;mrbgwbt@tnf@ns from
non- addr essed. cell s aI ctlveT) durin eadout ill.ustrated in
(o a5 AP SHsTs I i GRels i FRe sert VA OB hr 8T PERSSH 5ot B Jtnt | o
cl ose to thail &t cohadsesse aﬁpjutiudertherm@pe(cﬁfethermdsa& Zeglecatiorf.i g. 15) .  For
readout of data, the active word line is brought to the potential VRHAD,

whi ch cau;geénqgrerﬁnpé 148w {%Oturgrough the cells on the crossing bit |ines.
The 15 magni s depend on the polarjization state in each
cel | and #dt altgEradivR ﬁ@&eﬁy ReHECHEh QB CHAPPRTINENES SPHBIOMSICUSERH bit |ine as

showng Thicsns6heBrPFAthdes 5@&%5@13(1 adviant @H@%Ctme\l{m I1§9§@u§ﬁ1rg01%%d%lult
non- addr essed cel | ose Bo zero, elimnati ng %gg <gurrents

;
that may oth H‘W%teadéirfsédt t“h@ WIEHG0ES FrOMRY RS aéélﬂ’ree%%eeelrec% 8t 2 The
r eadout V(ploit@gea \&Eé\@tmyatb@t mmmemum;@llﬂbggﬁmt(ﬂaﬂn%heabcgrequvﬁo Mol t age

Wi t hout CUI’I’I n wi tchin non- sed,cel l.s all ows for
(11 e oo b8t al Bk N atl e BEPRERC R ke R apAb w6r ot no
pol ari zabhehichatzeseakurmntheo (EI@M $Hmu'ghethscdnérsmm sheompaindhba mn¢h Thee ge

TR A s 2B of TS MlgBufloges of At aLi sl amiekes possi bl A arge

data Tea rea o ructive i'nmany cases
be necessarg determrineé Wathe sdmelemnpl 5€rhe>rr¢efmrqa0didmit tiee anslowan be

achi eved by one of the pulsing schenmes described in the previous

par agr aphhifsdhéhernaot idat soferglebdigartagée menory device fromthose that
were read may be chosen for refresh, e.g. in conjunction

~ - Voltages across all non-addressed cells are very close to zero, eliminating
leakage currents that may otherwise corrupt the readout from the addressed cells.

20 - The readout voltage Vgeap may be chosen much higher than the coercive
voltage without incurring partial switching in non-addressed cells. This allows for
film switching speeds approaching the intrinsic switching speed of the polarizable

material in the cells.
- The scheme is compatible with large matrix arrays.
25 - The high degree of parallelism makes possible a large data readout rate.

Since the readout i1s 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

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

(W3]
()

with caching.

Possible disadvantages of this scheme are largely related to the increased demands
on the circuitry performing the driving and sensing functicns. Thus, the

simultaneous switching of all celis on a long word line shall cause a large current



30 with caching. Possible disadvantages of this schene are largely rel ated
to the increased demands on the circuitry performng the driving angy [?05
sensing functions. Thus, the sinultaneous switching of all cells on a [ong
word |ine shall cause a large current - 7 JAN 2005 27 surge on that |ine
(implies a need for |ow source inpedanéé in the driver stage and |ow

i npedance current paths. Al so potential for cross-talk within the device).
Furthermore, in order to avoid | gss of data a separate sense anplifier is
needed oﬁbrﬁae%tbﬁttufﬂei(ﬁéy I EHCER ORI YHE8EI OB HICHRBCRIBNEIC §710F ekt ¢0fin t he
passi ve makfil ed%Hb@u@T@’QtsﬁaS{hﬁ &Ts@%té‘zgnﬂ%bl:%% Khenedae @éww)? mat rix
where the sense amplifiers are_ connected. The SV\AtChI n atf)mt ocol’s descri bed

above nalfélfﬁmoﬁ ENOBBCICOM B @Y Shiale BiSRBATabT SIS AT RIEI$ 10l Hhef8Etdron of

any gi veragglhht 'irﬂe avaam vlw@t ﬁb%slﬁrer&'ﬁgﬁﬁ%@kel RLR! asshQ Subieching
non- addressed cells to djstur at exce Cvs/ 3. As descri bed

t age
in the ePaspl @§r%@% prphl@nbarghen@d%%‘f%één%maﬂé heficr B8 SE)SappPilcEBF 8 to the
readi ng @gnhegeg states in nmenory cells that either experience no
pol arization 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 alogic "I". 15 Initialization of the menory could
involve the witing of 0's in all cells, which in the case above would

i mply perfheratisghiag peaiacplsl descuyed abp e arakadosyidle Brd)ontrolad swycie® d t hen

be achi e\ﬁ%?o%@a%hw f&tﬁoh%tpdﬂvs@w%ﬁ%ﬁ%%ﬂa@ﬁw@hﬁé‘t@ivnﬁr&rﬁl%m&% ikl on in
those cells that shall store a Io ical "1" | eavi n% cﬁe rest of the

cel1& unénbis§EES nSupEsEesat celade ﬁgswbla&t/a mwnﬁhﬁhéx Yshoul d t hen
require 20 a refresh cycle to be inplenented in those cases where it is
desired tAs destabad datie examples abeney efpal slmgvipngotbbs aiesiﬁxremclyiape) btk The

refresh t ocol d.re re_a re | se ce in
cases vvhg? o’ieﬁgrn CC%HL lIO ' &w[‘ﬁslgdn f m(g)piptglﬁfetbwéL @%ér "\gPee nl%' n% @%q&zgaf’nmr e
read desswitchingetyritotipreeddyctehaledatd.as Gaintgha e at mécv°1hé|@d OI $wuthé thanme

cells ar 1r‘é§f§8‘n oﬁ‘i‘i‘f’esﬁo‘éﬁ'zhﬁoﬁ e, %‘ﬁd(%@?d?ﬁné&’gé %eva C&1bel 'e“

unchange at’ contained
pol lax | zaﬁm@rahga\ﬁlcprchf g, menpry ARURDOB 28 mwng_ozﬁmvslq al m@cnclmn driving

a passi V?rref@é 5% '250@9%&?1@@% ?b%lrﬁ%lfpé r&RTB e c?Elrea?{/d&ftrL&ﬁk/E%eﬁ'@”p“ sing an
electrlca polarizable material exhib ng
Wri Qg would then be achieved by applymc7 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
20 arefresh cycle to be implemented in those cases where it is desired to retain data
in the memory following the destructive read. The refresh protocol would require a
complete read/refresh pulse sequence in cases where other cells are used for
renewed storage than those that were read destructively to provide the data. On the
other hand, if the same cells are used, those cells that were read as logic 70" can be
25 left unchanged and only those that contained a ”1” need to be exposed to

polarization switching.



hysteresis, in particular a ferroelectric material; wherein the polarization
stale 5 of individual, separately selectable cells can be swtched o

desired condition by application of electric potentials or voltages Q@V&@id
and bit Ilines form ng an addressing matrix, and wherein the nethod
conprises establishing a voltage puIS|ng protocol with n vol tage or
potential levels, n >_3; such that tie vol tage pul sing protocol defines a
ti mng sequence for 10 “individual ly controlling the voltage |evels applied
to word and bit lines of the matrix in a time-coordinated fashion,

arranging said timng sequence to enconpass at |east two distinct parts,

i ncl udimg & ymead gygie"” during which charges flow ng between said sel ected
bit line(s) and the cells connecting to said bit Iine(s) are sensed; and a

"refresh/wn e c drln whi ch. 15 Iar| atio s n cells -
connecting WIB’[ %T IOECCE '%dagﬁésbwtw{)ﬁ Hés2 &y TGSS‘EL?S HP %O%@%gﬁond with
a set ofrrpy @d&kﬁlﬂﬁtﬂﬁ*@)rls@gb(’a@lelﬁtaﬁe§ P ollati azb\eatdes:ia afmlm\Mmengl n the

met hod H s .characterized %/1 sfel ec . one val L gg | evel havi n zero val ue;
anot her!XRFtage: 1eallQyaar €& e‘? 1OBIAF 12 At VBA SRt Em%g“ I'PRgédg and
at51 easdi prigvaddil ls@paﬂdté@l tdgeaevek]shavy bg sa valdderdetdeeard0 and V' s and,
in case th voi |l a ul si ng protocol ses re t han t oltage

| evel s, Oaﬁ HEASPY %P&ﬁﬁéf’ogdﬂfﬂeﬁﬁr% %FP%LS oy é\‘? E2RAVY NPT %ﬁ &' bet ween 0
and V5,li0¢s ﬁcbrrheﬁgtdnammrhemgdﬂmrmnahd wdietrage the heawbdhawpgsew val ue

bet ween, n additional 3 ge Va} ue haV| | ue | arger

than Vs, q%?]é&lqmqeﬁvﬁqgazﬁe@%% BOROSEAIMNY 6[}130 '8BF Slhike g{}ﬁﬁ %Vﬁa}fevel s in
the vold ag:e $1u¢]$|thgt dreot @cod e bﬁl ﬁng p}@S@Cdﬂad/dﬂ@ei helmmsec{mm@sfo;sel ecting

06l PRLEGEHLT <Phut et P iep 20el BOh e Raa bR FhELOY SYIRE™Y

sai d onmeabrx 36 ardiree p@lormn(aﬁe(hémsh/eﬂvahtaagente\aej s)rmlle\/Secmenmegloer

o Lt aiga oL AT 0L AIRRLPHELS, B BULFOCPIL XDl Q0B hRNEL B apeh that

at | east one quiescent avalu
sel ect |Q'¥§FYEH@I|Q/©HU®$ bﬁﬁm@w 5éieﬂ| sslettrd h:taldm\éé@ﬂﬁgth@p@f‘r 5t $oPEHITheo f or m of

Wit ngad@tt@thw(gj 9reoxer{s%@dlaﬁg datgrt Henet 0 d phenemd yHibpthe vol tage, 35
pt SI n r ot ocol (as)f%cﬁgg each of the voltacre leyel s of .a pair of said
3

i ve RFEFT &34 é\?éﬁ‘ SOBRECY @8y ™ S WFH‘%“’QH@ &2 0pP i P62 Er ossi ng
a' . theorough] AN 200525 iy ¥ seeblf frecbergehegtiedice] states or deta :

values, zné wherein the method 1s
charzcterized by

selecting one voltage level heving zero value, another voltage level equal to 2

=

L]
o

polerization switching voltage Vg and at jeast one additicnal voliage level
having & velue between U and Vs and, in case the voltage pulsing protoco!

comprises more then three veoltage levels, at least another additional voitage
Jevel having a value between 0 and Vg, or at least another edditional voltage

level having a value between 0 and Vg and an additionz! voltage value having

[0
n

a velue larger than Vg, the intervals between succeeding 2nd 1ollowmﬂ

voltage levels in the voliage pulsing protocol in any case having the same

values;
selecting one or more pairs of voltage levels as 2z pair or pairs of active voltage levels
such that the potential difference between the voltage levels in said one cr

30 more pairs of active voltage levels is Vg or higher,

selecting one or more volizge e Jevels as guiescent. voltage levels such that at
lex

Jeast one guiescent voltage level has a vajue between 0 and Vs;

selecting individual memory cells for zn addressing operation in the form of

writing data thereto or reacding data thereirom inherently 1n the volta g

-

* each of the volt
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acuive voltege levels to respectively a word ]éne énc & bt hine crossing a1 the



keeping before initializing a wite or read cycle all word and bit |ines

| atched to one of said one or nore quiescent voltage | evels; perf@rmNiglia
wite operation in the wite cycle of said defined timng 5 sequence by

| atching a word line to a voltage |level of a pair of said active voltage

| evel s, and either one or nore bit line$®to the other voltage | evel of said
pair of active voltage levels or to a quiescent voltage | evel being as

cl ose as possible to the voltage | evel applied to said word |ine, thereby
activat i njerheriwer dtang wilectEfnes to performthe witing operation on a 10
sel ect ed ﬁ@gg%é ke Byir il ERSE aSOLEE RY re“@l%gbry ie v%’x‘daﬁx')@%liﬂ ORestAlBeln the
cell, chan an_existing polarization state of the cell, or [eaving an
exi sting (pbnaniAaid @ﬁegre{n@roﬂuwﬁéeaéwp1taaa|1@é@léd said polarization state

bei ng  prgdebingds @Mﬁ%gg%wmﬂ@}% ¥l dese %tf%ﬁﬂdeﬂnw%ﬂﬁwry cells,
while inactive word |ine i nactive hit Ilnes during t wTte operation

2

are 15 | ateqtEdceysHtah e 2 surd BRe tai kg laysl Pé@eof}léﬂflsaéﬁ actiyecase nore

than one vguhgéq&rglsvm aggel %M@'o%@r“%ﬁdlme%’%d pfreegthferr%mao%me%%m _
vol tage | evel anot her or SWIti t o anot her v Ita eve|, whereby in

any case %3é padrpféﬁaﬁéev%@ase@re BPUIYBIFHGE IS ?Jaivrﬂ R6ii%saeeed Vs:

perform n@o@era%%s@ﬂﬁé&b'tﬁe VolddeelevendppMel €oQhi @&Jdidd@rfxé nedréhyn ng
nore bit |ines respectively

sequence 20 b %vghln mg q i ne and one, or

Lo ei t hor23VaHes oM@ Ny BI1En Gt 1P PAPEM Ghe 4 HNERRVALOBI Tade | ovel s and
sendiong tMe@mrmemchcw noy kéthee ertioie a afe fIaite patdri aei di §ta|t¢ neshard]]
respectlvqa¥ ane or cells c nect|B th said bi.t..line or bit

li nes, sattF tHRPF ?’fléwﬂgr}éc? ﬁ&ng(?In(,%?tl OF S IhRTERY IS BR S 8RS of
respecti veolsaizdtionestare obite 281 rmrmtreypa:edahd;,po$mdaqmm atatz&;tenmg state being

predefi ne S A4e resentl v e r YK€ whi l e
i nactive ﬁroer%gf{r% €S %ﬁ? i %&&% dat éjflld ?Sr?](ger%d dir |h%gr%fe rT?ecadgopera’fl on are
| at ched tmmtiqmiwsnbhnevahﬁagepﬂlwéaht bngs dpringage woite opkaatiomergui escent

vol yage l‘%\fﬁlxe%@Wéﬂﬁ ifqﬁﬁstt&?é‘agpé‘scgﬁ“ Co&é;e%x‘}%v@r yolhage, b evels gre used,

are ‘swtche rom a qui'escent tage | eve 0 anot her "qui escent vol t age
| evel or Gwicseteidvalbagmbaveénryoseagevitehed fromer ebiescent wpljagadeveho

di fferencg,diResdk w208 irecvzﬁlé vaakh 18Ot exeaedy Ve ananchdeetdr ning af ter

termnating a wite or read cycle all “word Ilnes and bit lines to a
qui escent AN BITEREE DEEYEER Sat%‘eogég%&‘i%ﬁ serllvilttcagéchievsl s for active lines

accordi ngoér@oﬁrh@hN@'r'&:@@l%p@ﬂiﬁ@ﬂﬂ@n RROteLOLyilR c@iné/aldaﬁe@iﬁllﬁg'l@@%ein@e35

regg d of Fer a poI N éat i,on state rgf a,;Tenory zw shal I1 ber sie remai n

unch ngeab g5et VYW @ R QP DR FHRTEJHT I IFE RHENEEY RSB Tot Uil t age

|l evel s | atalhegk to/eiheliangat bfesawbadciiaadobiatellenels anbsensugebeahiaryel t ages

or flowing between one or more active bit lines and respectively cne or more
memory cells connecting with said bit line or bit lines, said charge flow
being indicative of a polarization state of respective said one or more

25 memory cells, said polarization state being predefined as representing data
values stored in a memory cell, while inactive word lines and inactive bit
lines during the read operation are latched to a quiescent voltage level or, in
case more than one quiescent voltage level and/or more than one pair of
active voltage levels are used, are switched from a quiescent voltage level to

30 another quiescent voltage level or switched to another voltage level, whereby
in any case the difference in said voltage levels shall not exceed Vg;
and returning after terminating a write or read cycle all word lines and bit
lines to a quiescent voltage levels; the selection of voltage levels for active

lines according to the voltage pulsing protocol in any case taking place in

(US]
(W

regard of whether a polarization state of a memory cell shall be set, remain
unchanged, or reset 1n the write operation, while the selection of voltage

levels latched to the inactive word and bit lines among quiescent voltages or



- 7 JAN 2005 C, other voltage levels takes place in the wite and read
operation in regard of the voltage |levels applied to the active word and
bit lines in these operations so as to mninize capacitive couplingsj jaN 2005
bet ween active and inactive lines and a possible disturb of unaddressed
menory cells. 5 2. A nethod according to claim1, characterized by allow ng
one or nore bit lines to float in respéfise to charges flow ng between a bit
line and the cells connecting to the bit line during the read cycle, and

| atching all voltages on the word and bit lines during the refresh/wite
cycle. 10t&r Aoneghoe decorg pgceanahainmils agbatadtogrr zédn by regketbing the
values n..= 3 and nwopb = 3. and &n-‘:g in, case volta es across

non- addr 68538  CSFITEVED fet Sl G esintd § SR ERRt ydrze s Piiate Dhetions

pol ari zatboen wWritchhng vglztage: YbupEnthecvottagetiaerossithe addressed cel |

during read, refresh.-and wite cycles. 1 4. A method according to claimi;
char act efiFEd by @é?%@t?fn‘d‘%ci%eééﬁ%@sﬁnﬁog %!%hd nwoxn = 4 and VHIT = 4, in
case voltages across oon-addressed cells do not significantly exceed Vs/3,
where t hé. pol & inzahiodrecswi ¢iclgi gckeont hge V. is the vol tage across the
addressedwcel .. .dus hng ef . . 1t e - ho
accor di n% %%Cé gf%‘%’,b)cﬂgfg&geérgéﬁe@g %gﬂe]:{:\?clsngo @%}%l \?‘Z _ﬁ%“ﬁe:‘%ﬁ{%aag
= 3 and BIOF/ing bivearas diMoht agésthacredlsc PordcladdieBeeti tdetd §udo anidie

si gni ficantd ¥vexcesd )@ﬁ@% ééf‘r’\lxé!)?%@s bhenpol Grd 248 rb@znuﬁg@epﬁw ng:ol tage V,

is the voltagﬁa aéyoss ssed cel | during read- restr and wni e
Cycl es. 5T Bs hAvIEst i eaccor di ng to clan 1, characterized by subjecting
non- addressed Cells along an active word line and along active bit line(s)

t o1& maxBnmum voltagedduronging reddirand wite cycle that deviate, by a

controll val ve_f the e val ues V r VS13._ 7., >t hod accordi ng
to cl ai mgg?‘a%éy’éﬁé&f g)gseerl:&%éaéfﬁ@e g%%lj%gc i %gﬁgn{].ﬁaa?esgﬁﬁcgﬁﬂs al ol(r%fg' an
active werd VpHegtoacesvolaragedofssad magnidudet sizatNexverdscehe ¥éxdct val ues
VS/2 or Vsl RY 1815208, Ql; ol.1.age ngrenent, ! AL i me
subj ect i gg!eﬁeollr%}ééig]cff(eigtgéé{j&%% %\ﬁﬁﬁgiellﬁteggﬁg%t?gggﬁ?%d |1ﬁ§g@t€%ﬁa ol i ane of
a magni t ddeng hat, iesreklessd whancwche. exact Values 7a 2 G Vc/3 | -'y controlled
Vol t age decr enent

15 ‘ A method according to claim 1,

nwopD

characterized by selecting the values n = 4 and nworp = 4 and ngr = 4, In
case voltzges across non-addressed cells do not significantly exceed Vg/3,

where 1he palenzaticn switching voitage V, is the volizge across the addressed cel]

during reacd, refresh and write cycles.

240 3. A method eccording to claim 1,
charactenized by selecting'the velues n = 3 and nweprp = 3 and Dgy7 = 3, 1n

case vollages across non-zddressed cells do not significantly exceed Vi/3,
where the polarizeuon switching voltage V, 1s the voltage across the addressed cell

during read, reivesh and write cycles.

25 6. A method according to claim 1,
characterized by subjecting non-addressed celis along an active word line and
along active bit line(s) to a maximum voltage during a read and write cy_d]e
ihat deviates by 3 controlled velue from the exact values V¢/2 or Vg/3.
] A method according 1o claim 6,

30 characilerized by subjecting non-addressed cells along an active word line o

2 magnitude that exceeds the exact values Vg/2 or V¢/3 by a
controlled voliage increment, end at the same 1ime subjecting non-acdressed
cells along selected active bii lines 1o a volizee of a megnitude thet is Jess

[ ; o~ 10, A ) V- h) .
3 by e contrelled voltage gecrement.



- 7 JAN 2005 8. A nmethod according to claim 7. characterized by the
controll ed voltage increnent and vol tage decrenent being equal to ea
other. 9. A nethod according to claim1, characterized by adding a" JANLW5

controlled voltage increnent Si to potentials Q,,,c,;,,rW of inactlve
word lines and adding a controlled voltage increnment 82 to potenti al s 91;
,,2C,;,,e BL of inactive bit lines, such that in case of = 82 = 0. this

Wul d correspond to voltage pulsi ng protocol s with maximumV,/2 or V,/3

vol t age exposure on non-selected cells. 10 10. A nmethod according to claim.

characteri zed Ey bloo GCCC% ch* ide j,.,_,ﬁf\ Met hod according to claim. 1,

characterized by controlTing a oni escent potential (the potential inposed on

t he Woridzandidsited bneseduriingitthe ofizge betaeent each dliass €He eWiottiage pul sing

have |soeeggpg gdk, Loy 81*“; the sane ',"2 )Uon all".?C"o- and bit lintc
..e a“zeto voltage I's i nposed on al] cells. 12. A nethod according to

cI al m1l. c aracieri, zed b.y sel ectingodescent potentials on one or nore

of t1-, & Wor d> "AFAoHRECOTHELO 8¥BRd: one of the Wowing: a) System ground, b)

o ) d d bit
P S RIIL SRS o AL oLk 0B B0 RIGLERSD, £y 9 oo

~. A mahhad caceandieagnd @d@ihalamohnol%dg\&ﬂtaaé!irﬂ:l'rézﬂ@ﬂ $Yo ?@t’eﬁ@élk ngnzcnnt;ewot eni | 2
on 2 selected bit line or bit tines in a qui escent state such that it
di ner s dfnpmtiveatt latespnsbtthafin aacdati hg- PeliodoulEcdrespadidypclodege and by said
potentlal .bei ng br.ought froma cent value to that at The onset of the
f1 oati iy Pes PY ERIoCGR BN d PPET) };{Eg B oF ot AEHEFR BH Ot ANICSleSHpefiabl e to or
exceeding a time constant for charging the bit line or bit R ES
("pre arge pul se"). 14. nethod.according to claim 1l 30 characterized by
p]r%cedl rc%g t he ge%ow&c@ EREN C\folt%ge shift on inactive word lines,
wher ebychzhectrotzaddydssed,cell s on an active bit line are subjected to a
voltage bias coua'. to that occurring due to the active bit line voltage
sl™;fi ]dot | BSe18h8 REorEiG VW Wage sbtii on the inaC :veindid Iines
s awt!r at a selec'eu |5. “ecedil ° sa:d volta ejshlft oq roe 2t v. Ol -
7 JAN f@@gag‘fxueo by controlling a gurescent poientie]l {ihe polentia imposed on

the word and bit lines during the time between each iime the volizge pulsing

N«

15 protocoi is employed) to heve the same value on gll word- 2and bit hines, l.e. a

zero voliage ;s 1mMpOSEC on all cells.

.0ieniials on ene or more of the werd-

end bit lines among one of the follovwing: &) System ground, bl Addressed

20 word line st initietion of puising proiocol, ¢) Addressed bit hne 21 indiztion
of pulsing protocel, d) Power \.rp'\/ vojtage (Vec).
13 A methoc eccording 10 claim ]
Chizrecierized by selecting 1he polential on 2 selecied tit Line oy bit hnes ina

rom ihat at the onset o7 2 fioaiing pericd

25 (read cyc}e"j; and by said pmemia} being brought irom a quiescent vialue 1o
that 21 the onsel of the floeting pericd, where it 1s laiched for a.period of time
comparable 10 or exceeding & time consiant Tor charging the bit ine or bit
Jines ("pre-charge pulse™)

14, A method according io claim 1,
30 charzctenzed by preceding the read cycle with a voltage shift on inactive

ord lines, whereby the non-addressed cells on an active bit line ave

subjected 10 @ velizge bies egual fo ihat occurring due to the sctive bit line

(ro

yiizges shif

('1

b b gl 3 - P . |
the resd cyele, sgid volizee shift on the inaciive word
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line, and termnating at the tinme 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 fromthe
time of initiation of said voltage shift on the inactive word |ine$ JANd0p
to the tinme of termnation of said vokyﬁge shift on the active bit line
("pre-charge pulse"). 15. A nethod according to claim1l, characterized by
applying a pre-read reference cycle which precedes the read cycle and is

oD os S REPILY e AR BIRRC e Ene A0 LA RO ES B Bl a 0

vol t age pu sing p 0Co0! °an current detec I'e,;” Wth the
10 except$wrh & haay tmtvoptmgevashivbitags biaposedidnoamdiressea Wt)ldtl ohi the dur i ng

e oAl bRl Ehence 8Mﬁgsusgrg$;§¥etae%'n9¥mg&t8f9;p%'auo§e§fd% during the

pre- r ead erence atocirc erm nes the
| ogi c st areltage smfdamazcheaheletlat vacvrdaudcsssédlpct@l the tige & ethodtiaocof di ng to

clai m 15, ;.18 Ghiaractayl ged bytie i anal-pesandas ;g\grw the pre-read

ref erence cycle g subtracte roma Signa rded duri ng the read

I
cycte. 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 voltage pulsing protocol and current detection of said read cycle, with the
10 exception that no voltage shift is imposed on an active word line during the
pre-read reference cycle, and by employing a signal recorded during the pre-
read reference cycle as input data to circuitry that determines the logic state

or a data value of an addressed cell.

16. A method according to claim 15,
15 characterized by the signal recorded during the pre-read reference cycle
read cycle.

1

being subtracted from a signal recorded during the



