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the pol arization state of individual, sepérately selectable cells can be
switched to a desired condition by application of electric potentials or
voltages to qg; lines in.said matrix Particularly the present
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20 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

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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20 well recognized and extensively discussed in the literature, both for displays

and in memory arrays. Thus, 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.,

25 (Van Nostrand 1985). Depending on the type of device in question, different
criteria for avoiding or reducing disturbance of non-addressed crossing
points can be defined. Generally, it is sought to lower the sensitivity of each
cell in the matrix to small-signal disturbances, which can be achieved by
cells that exhibit a non-linear voltage-current response, involving e.g.

30 thresholding, rectification and/or various forms of hysteresis.

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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20 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

25 general applicability for memory elements exhibiting bistable states of
remnant polarization, including ferroelectrics, their invention contains only
specific teachings on magnetic data storage where separate contributions to
the total magnetic flux in each cell are added or subtracted from several
independent lines intersecting in each cell. This is reflected in how cells are

30 linked up in the proffered embodiments, with a readout protocol providing
superposition of a slow, or "background” biasing stimulus being applied to
all or a subset (e.g. a column or a row) of the cells in the matrix, and with a
fast selection pulse being applied between the crossing lines containing the
addressed cell. No teachings are given on efficient voltage protocols for two-

35 terminal, capacitor-like memory cells combining high speed, random access
to data with restoration of the destructively read information.
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20 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 ferroelectric materials of his
day, in particular barium titanate. While the basic choice of polarities appear

25 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
of pulse magnitudes and timing in concrete terms for generalized cases. For
reading out the stored information or clearing the cells before a writing
operation, the inventor proposes the application of the full switching voltage

30 -V, to the selected row or rows, referring to ”a manner well known in the
art”. Selection of the column electrode voltages is treated in a nebulous
fashion. It may appear that the selected column electrode is clamped at
ground, with all non-selected column electrodes biased to -V¢/3 or -V /4 (cf.
fig. 4B in US patent No. 3 002 182). However, this leads to a voltage load of

35 2V /3 to 3V /4 on the non-selected cells in the same row as the selected cell,
with obvious danger of partial switching. Thus, it would at best seem that the
invention shall be poorly suited for situations where a large number of read
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20  present invention,

A one-third 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
subjected to a pulsing protocol where (unipolar) 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.
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other cells gfotocols for driving the x and y passive matrix addressing lines in non-
volatile memories exhibiting ferroelectric-like hysteresis curves so as to
minimize disturbance of non-selected memory cells during writing as well as

20 reading of data to/from said memories. It is a further object of the invention

to describe voltage protocols that reduce charging/discharging transients and
thus to achieve high speed. It is a further object of the invention to describe
voltage protocols that permit simple, reliable and cheap electronic circuitry
to perform drive and sense operations on the memory matrices.

25 The above objects as well as other advantages and features are achieved with
a method according to the invention which is characterized by controlling
individually a potential on selected word and bit lines to approach 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

30 involving nworp and ng; 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 ng;r potentials or they are during a certain period of the



having to bl ank and reset the whole device, there is a clear need for 15

i nprovenent over the existing prior art. Hence it is a najor object of the
i nventi owoo2aestri be voltage vs. tinme protocols for dripeCngygobheo2zo and y
passive matrix addressing lines in non- vo} atile nmenories exhibiting
ferroelectric-like hysteresis curves so as'to mnimze disturbance of
non-sel ected nmenory cells during witing as well as 20 reading of data
to/fromsaid.menories. It is a further object of i nyenti t o describe
Vol tage. pr ot BUBIE sertens b sincesrd it kIRt Simst” Prd ARG ottt Lhoe 1o
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approach or wherepplsizgtian shaée(s) imcplledennemdingwvtidnsglartedeyerd: anchbite n >
3, the poteni;i i 204 RidrelbRemih Ly Subsets of
said n pot en%llha ngSRfI?%{cgﬁ\?iscﬁJng{RB%%dﬁgﬁnBl Togc}{rgn!tel:%aﬁlsl,&?ggpegfi vel y;
controlling the tentiials on.all word- and bit . Jines in a -

CF - coor d nateatiagnpdfiedeuehithdt Podvanisessanlbfing o §r mesadit lines
wher eby wor dtd floesimresploake hedhanges flpwenebetwedsretheserylarecand chpotidnti al s

sel ect anon he. n .aqt.enti al s whi | i i re either latched in
2 or ecetter m TR R AP Hiine Y4 Bal cvelds My uuk M woRAEEL

pot enti al s oontthewadeamlbitdmes denngitne pefréddwoitetdyelaNd 02/ 05287

PCT/ NO0O1/ 00289 7 tim ng sequence connected to circuitry that senses the

charges flowpg fi@?h&@%a%_@@u?iehﬂdd’i‘ﬁ@ﬁi of itk IMRERIN theCRAlR8EhiNG to said
bit line(s); arranging ,said timng seg(gence tQ enconpass at |east two

di stinct parBworp Fedudfihger = SrBEFCIGAIERIN (ARG HCCH 9T6% R§Mbet ween

sai d sel ect edddyicksdd bells Hoamst dipgificamelyl exceeanegli Mheke Vadisthbivoltdgee(s)
are sensed, and a refresh/ cle' l.ari.zatiogn state(s) in

ite c wher e po
Cell o chhnectfiggs Hhe AddEmaes salhBine Safl FHosh PRESVETGC T Btght 1 o
correspond with a set of predeterm ned values. According to the invention
it is advant lyesasond ladwantpgseys embhagdimenit of theégventiorf theavalugs mesgonse to
charges flowng bet he Dbigt ;i : oeet hpg-to said
bit line du\rNPW R ai %\Pﬁ{g B%ycﬁe??zf%%@ a%r%?ﬁsg&g% §(\)/1(J§?%éz;s es. & o
addressed cells do not significantly exceed Vgs/3, where Vy is the voltage

25

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 Vs/2 or Vs/3 by a controlled
voltage decrement, the controlled voltage increment and voltage decrement
preferably being equal to each other.



on the word and bit lines during the refresh/wite cycle. In a first
advant ageous enbodi nent of the invention the values n = 3, nwoRD = 3, and
nBI T = 3vane2eeBected in case the voltages across non adEcEdOedoresd| s do
not significantly exceed Vs/2, where Vs |%%the vol tage 15 across the
addressed cell during read, refresh and te cycles. In a second

advant ageous enbodi nent of the invention the values n = 4, nwoRD = 4, and
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control | ed vBfY @ge?‘r‘lsc? ﬁﬁHPg ABSRENLBY Rl 90 OBCHICTRTR N quiact i ve
word |ines aand ditdiings amongnomeobf ek f/cﬂldxagg |ar)c83fsmntgr83ndpb) Aeldp@stsedt ials
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bet ween eac hllnﬁfsé in r?eqlrll@adftntes‘ta@ssmq}wﬁhaéltdiaﬁees framdbat ai Eheeumlet)y)éd)
floating period (read cycle), and bringing said potential from a quiescent
value to that at the onset of the floating period, where it is clamped for a
20 period of time comparable to or exceeding a time constant for charging the
bit line (“pre-charge pulse”). According to the invention it is considered
advantageous 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
25 during the read cycle, said voltage shift on the inactive word 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
30 inactive word lines and up to the time of termination of said voltage shift on
the active bit lines ("pre-charge pulse”).

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



10 to have the same value on all word and bit lines, i.e. a zero voltage is
i nposed on all cells. Further it is according to the invention considered
advant agaoo82/6®BeCct i ng the qui escent potentials on one orPODNO0DH2Bhe wor d
and bit |lines anong one of the follow ng: ga) System ground, b) Addressed
word line at initiation of pulsing protocol, c) Addressed bit |ine at
initiation 15 of pul sing protocol, d) Power supply voltage. It is also
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According to the invention it is considered advantageous preceding the
read cydl e V\Ahi'esaemhltmcsbf the presentatvendiomisdo ¢aniesl, thettemesdependent
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pul se"). Fi n@zhﬂhyre'férén%e%%é gﬁenaéu HhsvidpvaBhian varRsider ed advant ageous
applying a pre-read reference cycle whicli precedes the read cycle and is
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t hat no vol tmgewalyithateriad, i nposed on an active word line during said
pre-read reference cycle, and WO 02/05287 PCT/N001/00289 9 enploying a

si gnal 1rsecorﬁgd2 %hﬁ&p‘-lé“d‘i‘a@h@g bﬁaq;a@ﬁfv@rrﬁaﬁﬁc GGt RsAT AitRtdemeat witho the
circuitry that determ nes tate qf , the addressed cell,, in which

case said si @r@amge%lem@éequsn@n@ ﬁsﬁﬁrcenlwéaal&;wgo te n3igtirhct ed  from
a signal recrycdiingd Betwben these €186trod€d whebe fiieyessanip.al aspect of the
present invention is to control the tinme-dependent

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 levels 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,



voltages on all the x and y lines in the matrix in a coordi nated fashion
according to one of the protocols described hereunder. These protocols
ensur e t ivad 0naes28pn- addressed cell (crossing point) in theP@RNOOK00289
experiences an interline voltage exceedi g a predet erm ned val ue which is
wel | below a 10 level at which disturbance or partial swtching occurs. The
basic principles of the invention and exenplary enbodi nents shall now be

q bed bek ! . ' m : |
Sher el fi g 18 LA Bl 6F SR End M ALARBESCIRT oIV RY DL B,
ferroel ect rieferanesrgyolertannd al , 15 fig. 2 a principle drawing of a passive

matri x addressi ng arrangenent with crossing electrode lines, and cells

cont ai ni ng afigel Saeteaciont scii@hebastd ohdudl icae pabellsleditcttiese el ectrodes
where they overlap. fig. 3 the sumof voltage steps around a closed |oop in

the matrix, 4}4g. r aeh v . - PLs b :
separat e vol '?ggge‘ﬁsgall %\?qeilgs to%%a 21(1)%3 %%ﬁ%ﬂ%(]?]ﬁ %ﬁﬁﬁgﬁ %wsg%gﬂlbvfep Ell%:ﬁnes,
fig. 5 an al shalhapw/le digquased bf seme defizide | evel vol tage protocol in fig.
4, fig. 6 aread and wite voltage protocol requiring four separate voltage

level s to bk isamidepdtbed that theematerikls dodstiuting tirsmehi@y finatioaliher nati ve
w1 te vol t agh B MEmD I iace HEpEE e buy Jp SR evbityt Byfiepgs o8
control | ed oexdrhplifieddn apendri¢ fashies in figy.1. Relovant macaialy eary atdcardts,of t he
five level vgl tocol jin.f] L.OS. -1 | ter ive_voltage
profocol ¢ of’etf&%%g;?k%ﬁf Frobfjaidy §H,f 93, FpY g?ﬂﬁsﬂéeﬁﬁ@igg relilnids

pr e- chdilgi nginpthlesked1cominigndiat tvematerdal inngsesaiom sowferdoelientriieydad, t a

02/ 05287 PCTﬁMOx%js{@Q@@l%ege]n%rﬁlﬁ %f;@‘ezﬁ}egélz{ﬂvgnﬁkga read and write protocol

involving a pre-read erenc "a readout scheme based

on full row parallel detecti.on. The general, backgrouynd, and t he_basic
ori nci pl es. oRSPhEORFESUSHES Pl PBIREISHROSBIE oaPhecHat, isddt e quaiera] s avvuned
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15 across the cell containing the ferroelectric causes the latter to change its
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 +Pg 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.



exenplified in a generic fashion in fig. 1. Relevant materials are
electrets, ferroelectrics or a conbination of the two. For sinplicity, it
shall bevwasuaed’ 10 in the following that the material i nPQDEOD1/0028% S a
ferroelectric, but this shall not restrii the generality of the present
invention. As a consequence of prior exposure to electric fields, the
material is assunmed to reside in one of two polarization states when in
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| arge, since the pu S|ng protocols 5 described here shall only reduce the
di sturbing voltag ﬁ’ certai nq)fractl onV (typically 1/3) of Vs, which
| evel should be | ariveRd = TactiveWL = V-

At the same time, the numerous word- and bit lines that cross at non-
addressed cells must be controlled in potential such that the disturbing

20 voltages at these cells are kept below the threshold for partial switching.
Each of these “inactive” word- and bit lines cross the active bit- and word
line at a non-addressed cell. Referring to fig. 2, one notes that four distinct
classes of cells can be defined in the matrix, according to the perceived
voltages across the cells:

25 i) Vi= @uiverr - PaciivewL : Active word line crossing active bit line
(the selected cell)

11) Vi = DQuaciiver - Pactivewr : Active word line crossing inactive bit line,
1i1) Vii = Pactiverr. - Pinaciivewr, - Inactive word line crossing active bit line,
iV) Viy = ®inaciveBr. - Pinactivewr, : 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 ®@jp,ciivewr » and correspondingly all inactive bit
lines are at a common potential ®@j,,civepr. - By summing voltages around a



Bef ore proceeding to a discussion of specific pulsing protocols, it may be
useful to review the problemin a generalized fashion, with reference to
the matmwaozbsasn in fig. 2. For easy reference and to coP€DNOOWIE2RI
standard 10 usage, it is henceforth refer Zd to the horizontal (row) and
vertical (colum) lines as "word |ines” E bbreviated: W) and " bit |ines”
(abbreviated: BL), respectively, as indicated in the figure. It is desired

t
to apply a voltage that is.  sufficient hi gh,.t it.ch a.qiv ,
i thor Tor dershiigoR ThtbEmaitisidfa SRht b, dht ehloRafk LR 1 i ng).
or for nonitappldes:t he di scharge 15 response (reading). Accordingly, the
cell is selected by setting the potentials of the associated word and bit
lines (the "actived) |ines) sughythaty, (1) CactiveBL - lactiveW = vs. At
the same time, the numerous word- and bit lines that cross at non-

20 vol t ages. ivohRe el Y & Vo BBl SoRUEata® hub Ik LSS R

swi tchi fy. Eacoh-adfdredsedecelisnachuse” word- and bit |lines cross the active

bit- and word Iline at a non-addressed cell. Referring to fig. 2, one notes
t hat four distincgzy cl aggep=qf/. ceLl py.can gefined in the matrix,
according to the E)e)rcei \S}eclj‘IS \c/foluf Egeg\llégr 0553 the cells: 25 i) Vi = CactiveBL
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fig.3, the fQﬁ%&?@#%ﬁg‘?ﬁ%‘%ﬂg%ﬂg@%% ths P@@?&;{ﬁ;@?[ﬂe d’@?{@“’é@v'eﬂ
the val ue of civeuitrygesulting imi pilsing pritoagls sughies thosaidestibedibelys. Pne 5
non- addyessedy 6GhISid #n bPESilI shift in potentials by adding or subtracting the same

voltage to all four levels.

Example 1: Three-level (Vs/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:

4) Vi=Vy = Vs/2

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

As was mentioned above, partial switching may represent a serious problem
at voltage levels of Vg/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.



(3) IViil =1Vviii I =1Vi, I =Vs /3. To achieve this, at |east four
separate potentials (i.e. (Do, (Do+Vvs/3, (DO+2Vs/3, (Do+Vs; where (Do is
a referemeopa2enti al) nust be i nposed on the el ectrodesPCTYNOag0M2Be ri X,
and any change in potential on one of the,glectrodes 10 nust be coordi nated
with adjustnents in the other potentials %gch that no cell experiences a
vol tage exceeding Vs/3. In practice, several other factors nust be heeded

I'so. e.g. I ; A : . . ‘ ! di
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all four | ev&e?%&pﬁi{a%de(ﬁk:an$ércgg- ggreﬁl(‘%gl% %;lﬁgéﬁ @%ﬁ%ﬂﬁ‘%ﬁ?ﬁp@é{ﬂl{’ﬁg
certain spechysterassecurves Sprprareisqyapuskinag Braottbest ofdle seramisd, where al |
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accept abl e performance. WO 02/ 05287 PCT/ N0O01/ 00289 13 Recently, certain

cl asses of fﬁb‘v@@kﬁﬁ@&é'bscéfﬁié?@rréﬁe hfeéﬁ%ﬂﬁ‘i‘?'b% JUE recei ved rnuch

attention as nenory stances i n advanced data st age concepts. In

dditi t th t ti f eat , th terial hi bi.t  hyst i
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The inactive word lines may be kept stable at Vg/2 throughout the read/write
cycle, as may the inactive bit lines. Alternatively, the latter may during the
read cycle each be connected with a separate sense amplifier, which would be
biased near the bit line voltage when the bit line clamp is released (full row

20 readout). In the diagrams shown in figs. 4 and 5, the time markers are as

follows:

to:  Word line latched, active pulldown to 0 (fig.4) or pullup to Vg

(fig. 5)
t;: Bit line clamp released — sense amplifier ON
25 t, :  Bitline decision — data latched
t3:  Word line returned to quiescent Vg/2

ty :  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 Vs (fig. 4) or zero (fig. 5) clamp



rel evant to define pulsing protocols which can satisfy the requirenents of
realistic and optim zed el ectroni c device designs. Foll ow ng upon the
partial weowrei28hg probl ens that di scouraged devel opnment BOTNOXpd@Be at i on
of early 10 efforts based on three-|evel iﬁdtching protocol s, these aspects
have received very little attention, whi t he present invention sets out
to renedy. Now exanples of preferred enbodi nents shall be given. Figs. 4

and 5 illustrate sonme three-l.evel .pul si rotocols according to the
present invention? 'con%?ﬁ@f‘%ﬂ?eac%%ﬁﬁoﬁé\gwgad cycle and a refresh/wite 15
cycle. Only the pulse diagrans for_ the active wird- and hit lines are
shown. The Tha&ead eyalsri@mvestgatesdhe statg obtthe palarezaiionef she pddiggpesliecine
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anplifier, wP@KHzZAGONdIhangedsaf1tiaay reperspithe porrizaIamgucqHen t he bit

line cl&m i ddsauetivedenliy!ln theviader t8RJeks Informalivd fiugobaFBfreIeNif if is
figs. 4 and i ne | at ched,
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et e oot st abatpiliage o Sipred it Ths oSy el ths Polstizafth isEbe) amp
rel eased - sérisen anphé bippodsiEdiRtiogd of Bietrehd PPedftdisiwan-appardbpriheet edled t 3
Wword |ine returned tﬁl C{ﬁl escent . Vs/2 t4 : Wite datta Iatcheg, on. bit
2595188 4y sgpe

lines t5 VB ecR i et pRsgeadf sgmebliege [ 1 MR- TS es et
capaci tors 3fchiéved Wyritielpaneof &lwpnﬁdcbbdeﬂik:e&a«:leﬂmtre;i?sa!sh/Wﬁte, & ghdwmeFhe
i vel . 1D
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i nvest i gat esthehpolatizatioofis & ynochangedtndrevérseterespdrtisebd Aridolated )

Depondi . Co >, ) . the

ol ar' zati on"ERE SRREAISE S Litfraly RRICRY b SRiEAL (PP TR bEGHH
In_the latter. case, the information refreshed
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operation | ndl?rrfng ;%geru%%rgl c‘;irt reef%éasll'll/writing periods. In addition, one notes that there are
included event delays in the pulsing sequence to facilitate transient ring-
down and latching of data. Depending on how the memory device is to be
operated, the bit line potential in the quiescent state (i.e. between
read/refresh/write cycles) may be chosen to match that of the bit line at the

20 start of the read cycle (cf. figs. 4 and 5) or it may match the quiescent

potential of the word line (not shown here). In the former case, appropriate
when cycling is intense and at high speed, charging currents at the start of the
read cycle are minimized. In the latter case, long-term effects of an imposed

field in the cells (e.g. imprint) are avoided.

25 It should be clear that the examples shown in figs. 4 and 5 may be modified
(e.g. by concurrent shifting of all potentials, or by minor departures from
exact voltage levels in the three-level scheme shown) without departing from
the essential principles illustrated therein.

Example 2: Four-level (Vg/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:



(not necessarily the one that was read) sonmewhere in the matrix. This is
achi eved by the part of the protocol dedicated to refresh/wite, as shown.
The 10 tweobr/ex26hes in the bit |line voltage protocol corrpepdodi/oast he
cases where the polarization is left unchnged and reversed, respectively.
An isolated wite operation is trivially achieved by omtting the
precedi ng read operation. As shown in figs. 4 and 5, it is clear that
non- addr essed cel]s.shgl: el I [ IR0 '
o nal e ¢ chi ngovor ¢ ayiestan sEEECAIL R WU BRESSELNH ey bW
periods. In addition, g Mbtes that there are included event delays in

t he pul sing sequence to facilitate transient ring- down and | atching of
data. Depending orj howlidwiveebwlihederdjesed rém st val@sdio WS Mig. 6 ne
potential in the quiesceg;,;%?%e é&.e. bet ween read/refresh/wite cycles)
may be chosen to match®t haty bf8hé/ bit Iine at the 20 start of the read
cycle (cf. figs. 4 and 5) or it may match the qui escent potential of the

word |imMe (not shbwr h essed hihdneoyraskusiaddo Vbpplispb) ar € (fighdn. Timei ng
is intense and at highgspy fabql 0O a3 eRt Serdlord LAl r ead
cycle are mnimzed. In the ?at?er %:asg, Fgﬁ%’-tgr rgrerpfgéaﬁvg %?l?lg%slim%posed
field in the cells (e.@accqnipbleral§oare avoided. 25 It should be clear that
t he exanples shown in figs. 4 and 5 may be nodified (e.g. by concurrent
shifting of all p@tentAdler,a progrgmmaisle rdegaet upekliy,ale akiaessedohdmabhne

| evels in the three-|eyvel .. & . apti from <t he.
essential principles i 1 %@?ggﬁeﬁoﬁﬂgﬁfg%&tﬁﬁ%ng%b ozﬁgr éggf \{%@}%)7)’
switchilfy protocol 30 Avoliegerafbmdguitode Vbyetmeshaddrgssed weaband di f f er ent
potential |levels on theg; d gkl i . . t

non- addr essed cel | expglrtil\(reﬁr)le((:sés a d\?%%stegg‘ggggfelggfér:fglglﬂeglsgygphg?%g&%ﬁa\lf s/3

swi tching voltage. Fig€fig67hnd 7 illustrate two variants of a preferred
schenme for reading as well as refreshing/witing data, according to the

present inventiont, Her Addrésetliwerd Bhe rBrutReS talgRiARchobbmisial WReP 2645287

PCT/ NOO1/ 00289 15 to escent state; all word- and bit lines at 2Vs/3

(fig. 6) or Vs/3 (fig: tl : Inactive bit lines adjusted from qui escent
value to Vs/3 (fig. 6) or 2Vs/3 (fig. 7) )
15 ts : ~All bit lines returned to quiescent potential
ts : Read cycle now complete. All word- and bit lines in quiescent

state (2Vg/3 in fig. 6; Vs/3 in fig. 7)

t; : All inactive word lines adjusted from quiescent to Vg/3 (fig. 6)
or 2Vg/3 (fig. 7)

20 ts : Addressed bit line(s) to be written to logic state ”1” are
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 ty : 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 2Vgs/3 (fig. 6) or Vg/3
(fig. 7) after write delay

t;; : All word lines returned to quiescent potential

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



51t2 : Addressed bit line(s) adjusted to Vs (fig. 6) or O (fig. 7). Tine
delay fromtl to t2 is arbitrary; zero or negative timngs are acceptable
al so t3 wa@brensa programabl e read-set up del ay, the addrersedi/onsd |ine
I s adjusted from qui escent potential to O (fig. 6) or Vs (fig. 7), 10 a
vol tage of magnitude Vs between addressed rd and bit |ines. Unaddressed
word lines remain at 2Vs/3 (flg 6) or Vs/3 (fig. 7) t4 : Addressed word

| t ' | t
[ nes. et ur naB ot BRERcrBRERN Bl cTol Bl o7 Y nb%?vl%%atﬁu’é% o)
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adjusted to Vs or are |left at quiescent potenti remain in I C
(fig. 7) 25 $eyergldyaidanis Qibs §OMIARN |t§eraajaa§ﬁ>@§8@ée \ﬁhlesr ifEgs. &) 1&5@%91“1@
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resse [ |n return ui esce Vs i g
after wite @é‘?‘é?y ltSF S%PP'{/RQ%& fl?ﬁ]g%e rléf’ﬁfﬁ‘@&]:cf‘ éﬁ'%gﬁ%ﬁ g‘é‘f RBntial 30 t12

Wite cycl e goipd rﬁds ) wordad bandndipbidrithds olfn2V§I/B?di'€Wi§ /3, \Wh &2k 0 D28t

PCT/ NO 00289 t f th d t | t th
PCT/ Nogy 00280, K01 8RS ol ATt ey LI 5755, VoL Lager etelnearplext (et he

thlree | evel ﬁmlnenthe 1é‘ldv1erbﬁ;mwgr-:s anms;sahe&dusrzﬂa&ﬂtzcgeblof absehueseﬂlueto a
vol t age exce n.t he e of a ete readl cl e, , whi ch
shal | ocause SAVST A covers VipaR a5 eftunded B SRR oisified Peftis o) <
of rel evanceshwd! aot Bgaursued av burdhervdgthdriteseon a commn t hene are possible.
Thus, figs. 6 and 7 show a

The timing diagrams in figs. 6 and 7 are equivalent in principle, one being an
15 ”inverted” version of the other. In practice, however, one may be preferred
over the other. Thus, the scheme shown in fig.6 implies a voltage at the sense
amplifier input during the read cycle near Vg . In the scheme of fig.7,
however, the voltage is near zero. This may permit the use of low voltage
components with a single high voltage pass transistor per bit line.

20  Example 3: Five-level (Vs/3) switching protocol

A class of seemingly more complex, but in certain respects more simply

implemented pulsing protocols involve the application of five different

potential levels to the word- and bit lines during a complete read/write cycle.

Explicit examples of two preferred embodiments are shown in figs. 8 and 9.
25 The time markers are as follows:

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

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

30 t, : Addressed bit line(s) adjusted to Vg (fig. 6) or O (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),



return to zero applied voltage across all cells in the quiescent state (cf.
the above discussion under the three-level sw tching protocol), which
correspomd@or/as2eord and bit |ine potentials of 2Vs /3 or RET/N®)1/0428Y eas
other 10 potential levels on the word- ang bit lines are possible in the
qui escent state that either yield zero v 7tages across the cells or
vol tages of absolute value 1VSI /3. Such variants shall be assuned obvi ous
to the skilled person . I t b N e i e. The
timng diagrans in fi g@zﬂ%ngg \J'Pl{e;d%g @:I&ngﬁgﬁg \?%b%ﬁ%& %ngfgggérﬁiew g‘lﬁ ng an
15 "inverted" version aiid bhiclinehdinaddressescwore linesweweain abR¥ sihyfige6d) or
preferred over the otiey (t;[?uga) the schene shown in fig.6 inplies a
vol tage at the sense al'?p:?l er’ input during the read cycle near Vs . In
the schenme of fig, 7, ver, the voltage is near zero. This permt
the use of |ow vokt age‘u‘%ﬁ%@ﬂe‘ﬁ?@ g ke rg?ﬁié‘i’ QUH?SQEHBBPE%@EE{% read’
transi stior per bit |indelay0 Exanple 3: Five-level (Vs/3) swtching protocol
A class of seemingly nore conplex, but in certain respects nore sinply
i mpl ement ed pul si f19. pr Rﬁpﬁﬂgﬁlésr}éﬂgﬁ%dttﬁﬁeﬁ%ﬂéﬁ%to't@rﬁizﬂf five different

- an it lines duri

potential levels to the wor g a conplete read/wite

cycle. Explicit exanples.of two preferred odi pents.are shown.in figs. 8
ShG o 25 The ti e maReas Svalenad durplsle. ATGTordERe BillifeSHntticstrt Sor o
and bit lines at 2Vs/3state RVEB iarfiysé3V (¥ imgfig7¥)tl : Inactive bit lines
adjusted from qui escent value to Vs/3 (fig. 6) or 2vs/3 (fig. 7) 30 t2 :
addressed bit 1ing(s) alidivestlt ieYadiddied timAuibsddn do V ¢fidisyr vighay
fromtl to t2 is arbitrary; zero or negative timngs are ‘acceptabl e al so
t3 : AffGr a programmffll&- Pead- set up del ay, the addressed word line is
adj usted from qui escent potential to O V (fig. 6) or Vs (fig. 7), WO

02/ 05287 PCT/ NO01{g0028Addidssedchitiing(s) tedet wortenf tonthgnii I’ UstateVia ebadjueted

) or VI3 (fig.7) toaalEdtiss AorTs PR el sl et B Sl el o

after read adjusted to Vg addressed bit line(s) to be written to the ”0” state
are adjusted to Vg/3, while those that shall remain in state”1”
15 are adjusted to Vg (fig. 9)

t : Addressed word line is adjusted to 4Vg/3 (fig. 8) or 0 (fig. 9),
introducing a voltage of magnitude Vs across addressed cell(s).
Non-addressed word lines remain at 2Vg/3

tjp : Addressed word lines returned to quiescent potential after write
20 delay

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

Here, a fifth voltage level, V¢, is involved. It is typically of magnitude
4V¢/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 = Vc close to the power supply voltage.



5 delay t5 : Al bit lines returned to quiescent potential t6 Read cycle
now conplete. All word and bit lines in quiescent state (2VS/3 in fig. 6;
VS/3 in W@o2//28t7 : Inactive bit |ines adjusted from qui BETAON1/00@28YS
(fig.8) or Vs/3 10 (fig. 9) t8 : Addressci:g bit line(s) to be witten to
the "1" state are adjusted to Vs/3, (fig.-"8) while those that shall remain
In state"O' are adjusted to Vs addressed bit line(s) to be witten to the
"0" state | hd 1019586 i 01k ate" "

15 are adj usted TOVE (I g -8 : ad
4vs/ 3 (fig. @llpen@ctivedit nes introducing a vol tage of magnitude Vs across

ddressed ce i 5 ' r ' e
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| evel, Vcc, i1s involved. It is_ typi aal li/ of gnitude 4Vs/3, and is
applied to tHEMRLY;patsdyringfhedgad ¢ycldie reading (fig. 8) or 25
refresh/wite (fig. 9) cycle. One notes that while the four-I|evel schemes
in figs. 6 Bnthemomumiatreces basedrah passivdimattixnekiressibg, thrd area dita Storage

l evels in th S | et ' t f lve- el
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appl i ed to timeples thdtieach maimik showd capaimathe lorgesh possidde nuodiervad! t age

| evel s be ] ; ' 11 . | r0M] f Lties for
optim zlrzgt)i oncrgﬁ?il n&?ﬂ%ﬁt“?ﬁ PEQ)}I%JH}]@ dt %Q&%étrﬁg/%%ﬁagn%‘bggﬁvse ?1%’1?&1{'11%2{%1 tru(g)freli cS
supporting t¢RNSGQUEBHY arass hdargsi mpnber ehwiasd lingsn Weenr egiveravard abbii ng
4Vs/ 3 = Vcc ( 1/:00289
18 Exanpl o 4G B T e e CTC FatE Bl es s
cel I's on actpe/avesm; the; Biedingndazl] of themop-sedecisdiragsyaarven hnes apngitute
partial sw t£Bbn@spbndiRidly MleaififbeCsf barastipBYAEnt dakage Patks A@PaARE O

desi i t chi t ocql :
estgn 3" Cinld%%ti re?o m?c)swhich may add up to slow down the device and reduce the

contrast ratio of as-read logic ”’1”s and ”0’s.

One method of reducing the effect of parasitic currents on the determination
of logic states is to pre-charge the non-addressed cells on the active bit line
to a level corresponding to that which would be approached during the

20 reading of the active cell. This procedure is implicit in the voltage protocols
shown in figs. 6-9. At time point 2, i.e. prior to applying the read voltage step
to the active word line (at time point 3 in the figures) the active bit line
voltage is shifted to its read cycle value, creating a voltage bias between the
active bit line and all word lines. This initiates the spurious current flows in

25 all the non-active cells on the active bit line. These currents are typically
transient, reflecting polarization 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.



5 that sinmultaneously mnimze the effect of parasitic current flows within
the menory matrix during the read cycle: In nenory matrices based on
passi ve madpd/es28tddr essing, the area data storage densityPCENOaKdZBZed by
using matrices that are as |arge as pOSSIZb This inplies that each
matri x should contain the |argest possible”nunber of 10 crossing points
between word- and bit lines, and any given bit line nmust consequently
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voltage shift at time point 2. By precisely controlling 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 O 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 is always maintained at less than a magnitude
| Vg/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
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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
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implemented for the other pulse protocols covered by the present invention,

i ne

by trivial extension of the example given in the present instance.

20 Example 6: Switching protocols involving offset voltages

Yet another scheme for circumventing or alleviating the problems relating to

parasitic currents in non-addressed cells on active bit lines shall now be
described.

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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15 matrix, one may therefore impose the requirement that V;, shall not be changed to

compensate for the reduction in Vy; , in which case one has:

(8) Vii —> Vii+8 .

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 V¢/3 protocol would be modified such that: V;= Vg, Vii= Vy¢/3 + 9,
Vii= V§/3 - §, Viy = -Vg/3. This can be achieved by, e.g. leaving the potentials on
the active word and bit lines unchanged, while adding J to all inactive word and
bit lines:

1) Vi = Vs = DutiveBL - Pacrivewr: Active word line crossing active
25 bit line (the selected cell)

i1) Vii = Vs/3 + 0 = (PjnaciivesL. + 0) - Pociivewr.: Active word line
crossing inactive bit line,

iii) Vi =Ve/3 -0 = Dyeivenr. - (Pinaciivewr, + 0): Inactive word line
crossing active bit line,
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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 Vrgap,

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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zero, elim naot
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 =Vg¢/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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a "1" need tB Mo bé\dMS pol ari zati on swi tching. WO 02/05287

PCT/ NOO1/ 00289 26 PATEI\FI' CLAIMS 1. A nmethod of driving a passive matrix
adfjr essegI di $pl ayAOJinenlmrs]t_bgy‘ d_riazling% mfssDed inatrioddicssed dlisplayexrtmémalrjw

pol ari zabl e nmater| XNl Bl t.1.n tereshs n.particul ar. a rroel ectric
ot or i a1 - whiver oreotmplis i ah ST ERLT ppldtiibls ptilp e BhPifEE,

sel ect abl e chyiteresds) ingpatictredfdrooaecderi materiaomdiereintheypalpplzatiehistate of
el ectri pot t i i {d.matrix, and
wherei n Xt he. oPNRREN HEGBRET sEoU0E 3P e REBrd Pud R botent &
on sel ect ed oonditimndbpapplicateen v elpyrioguiientialsor watagrsde wotdhanddiof n
predefined pg i I otentials on said sel ected
word and bit ?%ieﬂsg%lgr%lﬁﬁjlfsuﬁ@%;h%r&fj b r(riléﬁl% pgt entials invol ving WORD and
nBI T potenti @h@actﬁémbj’vel y; controlling the potentials on all word- and
bi t I1nes '”c&ltgb%gﬁ}ﬁdidiﬁatl};ﬂa bast A eét@urwofao Pafd Bﬁﬂﬁe@soiog;s idafhng

sequence, wher I nes term ned ence to
potent il s ser é@ltn@éldfaﬁﬁ onh@fnv@mdeﬁwqutantsal LemeISe where|n aek thee et her

latched in a Meﬁ@i%ﬁ@&ﬁ‘s%?d’sél%@f&%l”&%r& And Rt GRES %ﬁnﬁﬁ‘eﬁﬂis‘%ﬁ 80ayd 4 he nBI'T

potential s of are during a certain period timng sequence
connect ed toP@ﬁelné]@il& myalyag Bwnms&%@mﬂ?&ﬁ@@éa sf TSRPAG Vet ween the bit

[1ne(s) and toroRldsi1RopORA!aNIoR AUBRLEL Lidd biedd)in  AhaRdortinandl ng

sal d timng ? guence to.enconpass at |east two distinct parts, |ncI udi ng a
"read cycl e"1a$ mrhacmdé%gé@.aﬂg@éoqqlmth@%ﬁ@w&wa“dlesf@bw%é ines 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 ngy 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 nwogrp = 3 and ng;r = 3, in
case the voltages across non-addressed cells do not significantly exceed Vg/2,



bit line(s) and the cells connecting to said bit line(s) are sensed, and a
"refresh/wite cycle" during which polarization state(s) in cells
connect i mgoa%038T h sel ected word- and bit |ines are brough€TANOOTORBESpPONd
with a set of predeterm ned values. 2. AQ?ethod according to claim1,
characterized by allowing one or nore bit“lines to float in response to
charges flow ng between the bit line and the cells connecting to said bit

| i ne during id.r | I i . 0, d and
bit Iines du‘r’@‘%’éewtsﬂé tﬁ%&r"g%%ﬂﬁ%cf edtgl%c e é%%d%é&?ﬁ%h@%@%glr |f£n%%t%mfcl ai m
1, charact er wziel clyglesel ecting the values n = 3 and nWORD = 3 and nBIT = 3,
in case the voltages across non-addressed cells do not significantly

exceed Vs/2,4W0 02/ 228y REISIOI tOORSMH 1,27 where Vs is the voltage across
the addressed cel] during read refresh and wite cycles. 4. A nethod
acoor di ng & BRI Eed RS Bie 186 VBT sal St R vesbvar A etk S FaHl nwoRD
= 4 and MBI Tcasedthei voltageasrdhenvnladdgesscd cetls slowor sigdifésantly exddesl Vg/3not
significantly,exceed Vs/3, .. where Vs .is e valt across .t he addressed
el during VR Vedp e ol Heforieladdifssed et fufb e SRR 0l i m
1, charact erwzgd clyglesel ecting the values n = 5 and nwORD = 3 and nBIT = 3,
in 10 case the voltages across non-addressed cells do not significantly

exceed Vs/ 3, 5 whepem¥ghdd at&dYRs t@ORIALI 0SS the addressed cell during
read, refresh and wite cycles. A et hod acgordi ng %’O’f?i%laiml

. ycl es.” 6. .
char act er i zethHPCEECIRY AgleRBAZBE Vasisd et P Awerg = Pwie W8 81 1 i ne
and 15 ®al ongaseCihieweolbides! dcr8§Shoh-AdaArdmREH el \ GO glifi¢1fily BecdeRledtfmrite
cycl e that d?l\él arves bﬁ a controlled val fr rr‘]eahrg exact éaleges V5/ 2 or
Vs/3. 7. A nBDRHY Vadéd am@tatgs 3 9Fnibe, addigssed, BHngyreatpied EgshrRp
non- addr essegritelclysledl ong an active word line to a voltage of a nmagnitude
t hat exceeds the exact values Vs/2 or V5/3 by a 20 controlled voltage

increment, agd at Atﬁ%tmcédﬂﬁﬁlgwbﬁﬁﬁf Ng non- addr essed
characterized 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 Vs/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 Vg/3 by a controlled voltage decrement.

8. 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
Djpaciive WL Of inactive word lines and adding a controlled voltage increment
02 to the potentials ®;,,.iveBL 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.



cells along selected active bit lines to a voltage of a nmagnitude that is

| ess than the exact values Vs/2 or Vs/3 by a controlled voltage decrenent.
8. A netivoaoznex28Trding to claim8, characterized by the copRCT@ObEMW28DI t age

i ncrement and vol tage decrenent 25 being,gqual to each other. 9. A nethod
according to claim1l1, characterized by ad%gng a controlled voltage

I ncrenment 61 to the potentials linactiveW of inactive word |lines and

addi ng a coni(ﬁ)l lﬁ%\\éﬁl‘e&rﬁg‘gﬁd@?@@@%@?’ to the potentials (D nactiveBL of

I nactive bit nes, corresponds to the read/wite
protocol s wi tharaeterined bis b2 =0¥, ¥4Y.3 vol tage exposure on non-sel ected
cells. WD 02/05287 PCT/N001/00289 28 10. A nethod according to claim9,

characterized] by Rlmeti®d #cébrliing f 6RO according to claiml,
characterized by contraolling a _guiescent potenti al he potent.i al inposed
o 2t he worlThReTIzed by ROSraliES s ceRhRoR i cthe Rt R A rippsed o1

r ﬁad/ r efsgI es h{hg\ivbﬁd landllﬁt Hhes dasing tﬁe&ifﬁ}e Qyedpei @_abl&\tﬁn% lolge salrrF va: ;Je 022
a wor d- an | es., i.e. a zerq.voltage is. i[Qpos on all cells :
A et hod acotredisgrasbPerss yile Snkiclis erbdlveg b RRES fi P satdcpn
potential s owopdeand bibligeqfi.d. hezesordltak@ ianthpeisedlomsld cefisng one of the
follow ng: a) System ground, b) Addressed word line at initiation of

pul si ng protesgol, Acls e of o t initiation of pulsing protocol,
d) Power supg?'y v‘élc%lg e (\E/?:(g?qi% EOAblrz?lelill?lhg’d according to claim1
char act er i zesh#pctesizeck by geleringsiuderceat potentids oa eng ermare ofithe&yrdrn a

15 qui egpent 384 Bhenﬁéscambhgtoﬂet ofdtifef mm\&i&fgma? "R tedh ggb_ﬁn@m)eAdqtes@ed
floating period, (read cycle), angg_by sai d%)io ent i al [ nP brought, froma
qui escent vaPQEd die 3HRItafoR RE PYHYBE REPIQAR, ¢) 6&@?@?@6&}1 bae @i j
cl anped for gf pelsh @btochl ') ROWBAE@MHIS Fdlt eding a tine constant
for charging t eSbi pI i r(l)g E@pre-cha?%%gpul szfag'e).@xg(g 14. A nethod according

to claim1, i:gl.ar aﬁtﬁréitﬁc?djapé'oraﬁr?gcﬁ%ﬁ% ﬂe read cycle with a voltage shift

on inactive _ _ o .
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



word |ines, 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 volwagzoxkift during the read cycle, said voltage shCTANOono2ke
inactive word 25 lines starting at a selegged time preceding said voltage
shift on the active bit I|ine, and termndating at the tine when the latter
vol tage shift is initiated, in such a way that a perceived voltage bias on
sai d non-ad [ it LB1; ' hed
e R S

| i nes and upraferance aycke asfd by emplayingna 6fgme reepidedalurig saidi pre-igadt he
active bit 1} y d o 15..; i 1 571,
characterizéﬁﬂgéngﬁgﬁe?ﬁHggﬂgﬁggﬁgg%k?% é?g#@%@?§0 ee§§§§%4%§ggg§g§h§%gf
read cycle ﬁl@dad@eé%qﬁa@%ﬂ-ed fromit by a selected time, and which nimcs
precisely the pulse protocol and current detection of said read cycle,
with thé excepti oA MO b8 diRCHd dOt DP289 29 that no voltage shift is

e o oA RS b e 0888 e e e SR BERSERYS) o oo™
i nput dat a tsubthected foemta signhhteabeded duneg theerechdgiyclst ate of  the
addressed cell. 5 16. A nethod according to claim 15, characterized by said

signal recorded during the pre-read cycle being subtracted froma signal
recorded during the read cycle. 10
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