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device, and a device of this kind The present invention concern§MARGE 2906
for operating a ferroelectric or electret nenory device, wherein the nenory
device conprises nenory cells 5 in the foymof a ferroelectric or electret
thin-filmof polarizable material exhibiting hysteresis, particularly a
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20 pulse protocol comprises applying another set of voltage differences to

electrodes of respectively said first and second set of electrodes in case data
are written/refreshed to said memory cells, said sets of voltage differences
corresponding to a predefined set of potential levels such that the predefined
set of potential levels has at least three separate values.

25 The invention also concerns a ferroelectric or electret memory device for
implementing the method according to the present invention,. wherein the
memory device comprises memory cells in the form of a ferroelectric or
electret thin-film of polarizable material exhibiting hysteresis, particularly a
ferroelectric or electret polymer thin film, and a first and a second set of

30 respective parallel electrodes, wherein the electrodes of the first set are
provided in substantially orthogonal relationship to the electrodes of the
second set, wherein the electrodes of said first and second set are provided in
direct or indirect contact with the thin-film material of the memory cells,
whereby a polarization state in individual memory cells can be read,

35 refreshed, erased or written by applying appropriate voltages to the
individual electrodes of respectively said first and second set of electrodes,



35 refreshed, erased or witten by applying appropriate voltages_to the
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el ectrodes, 5 MARCH 2007 2 using a voltage pul se protocol conprising a read
and wite/refresh cycle respectively with 4ine sequences of voltage pul ses
of predefined anplitudes and |lengths, the read cycle conprising applying a
set of voltage differences to electrodes of respectively said first and
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following pulse protocol parameters viz. pulse amplitudes, pulse lengths and
pulse intervals; and one or more control circuits connected with an output of
the calibration memory for applying an adjustment of one or more parameter
values of at least one voltage pulse protocol parameter, said one or more

25 control circuits being connected to control inputs on a memory control unit
and/or a driver control unit, whereby the voltage pulse protocol with one or
more parameters adjusted in accordance with the change in the memory cell
response can be applied to the electrodes of the memory device via driver
circuits and decoder circuits connected between the outputs of the driver

30 control unit and the electrodes.

Ferroelectrics are electrically polarizable materials that possess at least two
equilibrium orientations of the spontaneous polarization vector in the
absence of an external electrical field, and in which the spontaneous
polarization vector may be switched between those orientations by an electric
35 field. The memory effect exhibited by materials with such bistable states of
remanent polarization can be used in memory applications. One of the
polarization states is considered to be a logic "1" and the other state a logic
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needed in ordgr, Esosubject to the nominal switching voltage, Vs. However, in practice,
partial switching will take place upon application of electric fields below this
value. The extent of the partial switching depends on the material properties,
but repeated application of electric fields, even if lower than the coercive
25 field, will ultimately degrade the remanent polarization states +Pg 110 and
—Pgr 112 to the extent that erroneous read results may occur later on. It is the
switching protocol, also known as the voltage pulse protocol, that determines
the electric fields, by applying voltages to the memory array during read and
write operations. An appropriate switching protocol is needed in order to
30 avoid disturbing other cells when an individual cell in a memory array is read
or written. To this end the voltage pulse protocol prescribes and applies
predetermined voltage levels to the electrodes to select a memory cell for
addressing and perform an addressing operation, while at the same time
keeping the disturb of non-selected cells at a minimum. A plurality of voltage
35 pulse protocols have been developed to lessen this latter effect. A few
examples can be found in U.S. Patent No. 3,002,182 (Andersson), U.S.



30 avoid disturbing other cells when an individual cell in a nenor arrag S
read or witten. To this end the vol tage pul se protocol prescrl%ﬁiRSH&°7
applies predeterm ned voltage levels to the electrodes to select a nenory
cell for addressing and perform an addresgi ng operation, while at the sanme
time keeping the disturb of non-selected cells at a mninum A plurality of
vol tage 35 pul se protocols have been devel oped to |l essen this |atter effect.
A few exanplpgfeaaNde,{®UAE8i(Taknds JPéltaﬁdtthN(pub&sHQ& Ihfetngrioder Baten), U. S.

5 MARCH 2007 at en nas_Jr, nd the published
InternationaIApﬁfgﬁ?on%Imb%@% %%E?%ﬁ%%l ‘Thonpson & al .).
Ferroelectric and electret materials general |y exhibit a polarijzation
behavi our  delpemaelectrin andeledretematearialageneralyexhibiion pakariaagionskehnyiour
history. on SdehefRénPOAm iRiALAN YAABLL %P 8IS %rdcﬁirésﬁﬁg 5Bk Y ERis N

nmenory devi ce t are expose to erent a I ent erati ng
condi ti ofs. |maympese acpiohdem; when th @qﬁ:omatprwésmgmnlﬂm i%ﬂ‘r%P@bﬂ?YI@eS

materials proggk hye E%@ge% to%&rffé@ﬁﬁaﬁlfbléﬁtearﬁis élra% @H]ﬁhﬁbﬁsdlrﬁiﬂd‘ﬂgw shed
by bei ng permanently " pol aquz ble t elt er f t.Wo nent Bh rlzatlon

states and ex$ATHIECEIOf 11@ Ayl be moted that fereeies W‘B\Wﬁﬁr iS5 PYRRGT ‘Eﬁmﬁrlor

art as wel |l aggfadyr&f Gier &dctrefsba mlstlagutsmdlwsﬁwgommmrw
material shall in o g:r to ease the understandi ng of the |)|a b}tmﬁ
bot h

general |y be PUIGEZABE tneit ot o psrmagenipelagization stafes
hyst er esjigs anﬂyﬁbﬁ@isﬂﬂnﬁﬁh%lléﬂlhgmls&ﬁbﬂiﬂ SLipriot artFay We:‘l}luaisaéf yjréfbﬁred

pol ari zati on be jour c be inf n e anbi ent rature

Bhi ch the f or SBBPGURERS Gha rlpapnﬁlgnéﬁ%m%{%a fpbral Shalk BEPRLEE PEasarBs | al s
undergo a st rm@dersﬁndm@@f thée Wﬁti(ﬁﬂgéﬂi@ﬁll? i ;] @Igardatraﬁdaieubeed as
non-ferroel ec I htase ntog EPnEEIr ature ferr Fctr Eﬁase. Thi s
transi tion ockfeelBGTE. thiis Exbibifite-poth Byplsiesinant dipals galarizaidn o
titanate zir clogtaivdoun popul ar inorganic ferroelectric rraterl al, has a Curie
tenperature of 360C. The operating tenperature of a ferroel ectri C nmenory

array ispgor ”Péﬂtbéu%ﬂ? thé ‘ﬁ%l’ﬁrﬁi’aticﬁi"ﬁéhéﬁ@ﬁr E&th %efiﬂﬂuléﬁeé& b?%@%nfl@i‘éﬁf and

smal | er probl ens, any. ferroelectric materi al l'yme
however, an ﬁeﬁmeéaggeutﬁ Wh’éhtt@ﬁﬁéffdlelﬁ’céﬂéfmﬂﬁél%é?r ?‘#&ltec'[%’f Mﬁsi ncrease in

the device 25¢ MRt agid ﬁﬁﬂﬁﬁﬂ% %rﬂer@@ﬁ%?ﬁﬁt%l 'PiHQé h%'i‘ﬂ'sni@}ﬁﬂfm %fh1§h
di sturbance. Figure 2 nstrates possi bl'e effect of ?n I ncr eased

0
t enper at ur e o‘i‘?nﬂ?f‘éa“}{?é’e%’ gel@m%pﬁw intp@ logtemperaiiiets é@@lsgtém s the
ferroel ectri cphase. This transition occurs at a temperature T¢ called the Curie point. Lead

20 titanate zirconate, a popular inorganic ferroelectric material, has a Curie
temperature of 360°C. The operating temperature of a ferroelectric memory
array is normally significantly lower than this and hence poses fewer and
smaller problems, if any. If the ferroelectric material is a polymer, however,
an increase in the temperature of the polymer, or an increase in the device

25 working temperature, becomes an important factor of disturbance. Figure 2
demonstrates one possible effect of an increased temperature on the
hysteresis curve 100. The smaller curve represents the ferroelectric
properties of a material at a higher temperature. An increased sensitivity to
the electric field can be noted since the coercive voltage V¢ at a lower

30 temperature, is higher than the coercive voltage V¢y at a higher temperature..
If the electric field applied remains unadjusted in spite of a temperature
change, the voltage over non-addressed cross-points would increase the risk
of an undesired reversal of the polarization direction. Also the switching
speed of a ferroelectric memory material will generally be dependent upon its

35 temperature and increases as the temperature becomes higher.
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the tenperature varies acros e ran speci
t enper at2% es.above which the spontaneous polarlzatlon vamshes In contrast to this there

is an emerging class of memory devices based on ferroelectric organic

polymers with Curie and/or melting temperatures below 200°C. These

materials offer very considerable advantages in terms of processability, cost,
technical flexibility etc., but in certain cases may pose problems due to a

25 change in their electrical characteristics when the temperature varies across

the range of specified operating temperatures.

However, from the present applicants' work with ferroelectric memory
materials and matrix-addressable ferroelectric memory it has emerged that
memory materials in the form of ferroelectric polymers do not change their

30 switching characteristics dependent on the temperature in a straight-forward
manner, but that the switching characteristics of ferroelectric polymers can
be dependent on changes in their operating temperature in a more
complicated manner and that a temperature increase not always causes a
corresponding increase in the switching speed, as might be expected. In

35 addition it has been found that other environmental factors than the
temperature may change the switching speed of the memory material. Such
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2 voltage pulse protocol shall involve not only the pulse lengths, but also the
pulse intervals. Briefly stated, the parameters of voltage pulse protocol
would ceteris paribus be determined as said and set for addressing
operations. The applicants' investigations have, however, made clear that a
memory cell's response, as measured by an appropriate parameter, e.g. the

25 switching speed or its time derivative, is dynamic and changes in time
dependent on the various factors listed above and of which in addition to the
addressing history can be of major importance. As stated, these include the
memory material's actual operating temperature which imprecisely has been
regarded as ambient temperature, given that the device is in thermal

30 equilibrium, but this is not necessarily always the case. The operating
temperature of e.g. a memory cell can be dependent on both ongoing
addressing operations and the addressing history, as well as heat dissipated
from contiguous electronic circuitry.

Thus it is a primary object of the present invention to provide a method for
35 eliminating or reducing the problems caused by changes in the hysteresis
curve, the coercive voltage, and the switching speed with regard to



25 switching speed or its time derivative, is dynam c and changes in tine
dependent on the various factors |isted above and of which in addMAREH 2067
the addressing history can be of nmjor inportance. As stated, these include
the menory material's actual operating ternperature which inprecisely has
been regarded as anbient tenperature, given that the device is in thernal
30 equilibrium but this is not necessarily always the case. The operating
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The above-mentioned objects as well as further features and advantages are
realized according to the invention with a method which is characterized by
steps for

20 a) determining at least one parameter indicative of a change in a memory cell
response to the applied voltage differences;
b) determining at least one correction factor for the voltage pulses as given
by the voltage pulse protocol on the basis of said at least one parameter
indicative of the change in a memory cell response to the applied voltage

25 differences;
c) selecting for an adaptation of the voltage pulse protocol at least one of the
following pulse protocol parameters, viz. pulse amplitudes, pulse lengths and
pulse intervals; and
d) adjusting one or more parameter values of at least one of said selected

30 pulse protocol parameters in accordance with said at least one correction
factor, whereby one or more pulse amplitudes, one or more pulse lengths, and
one or more pulse intervals are adjusted either separately or in combination
in accordance with a detected change in the memory cell response.



by the voltage pul se protocol on the basis of said at | east one paraneter

i ndicative of the change in a nenory cell response to the appli etMéBFH2Q%
25 differences; c) selecting for an adaptation of the voltage pul se protocol
at | east one of the follow ng pulse protogol paraneters, viz. pulse
anplitudes, pulse lengths and pulse intervals; and d) adjusting one or nore
paraneter values of at |east one of said selected 30 pul se protocol
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switching of nmenory cells In ferroelectric m)r devi ce
enbodi nent |tthesswtgbmcgosmedé?reemeaawr@ﬁtba)g@m%uaegéhmsmlrrdnngépa@ of @3€totone

paramet er i ndjeat 'ré’f‘ér@ﬁcé Hﬁﬁdfytc%l%sn%rwwﬂn t(ﬁfgcﬁﬁ ) dréit & BYEHA ohs

noni toring the svvltc I ng devj ce, pl yi ng at | east one
swi t chi ng sped@led Bérﬂjémtcgm% et megmonyaeslby lrttéletfi%rq;fdwtagfemﬁm% §¥iieR-ocol
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par anet er s i ncattémal)sly amehitoring dbe sweitchatg speqat ef thabiem ayj deticegagilying
at least one switching speed-dependent correction factor to the voltage pulse
protocol implementing the applied voltage differences, adapting the voltage
20 pulse protocol in real time to a change in the response to the applied voltage
differences, and applying said real time-adapted voltage pulse protocol for
adjusting at least one of the parameter values of the pulse protocol
parameters in step d), and in that connection preferably adjusting all
parameter values of at least one of the pulse protocol parameters in step d).

25 Preferably a switching speed-dependent correction factor in step b) can be
determined by a calculation, or by reading of a look-up table. Alternatively a
first and second switching speed-dependent correction factor may be
determined in step b).

In another advantageous embodiment of the method according to the

30 invention the at least one parameter indicative of a response change is
determined in step a) by determining at least one parameter indicative of a
temperature of the ferroelectric or electret memory device, and by
determining said at least one correction factor in step b) by determining at
least one temperature-dependent correction factor.



paraneter values of at |east one of the pul se protocol parameters in step
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In yet another advantageous embodiment of the method according to the
invention the at least one parameter indicative of a response change is
determined in step a) by determining at least one parameter indicative of the
temperature of said memory device by measuring a.switching speed of

25 memory cells in the memory device and applying a predetermined correlation
between the measured switching speed and the actual temperature of the
memory material of the cells for determining the latter.

In that connection the switching speed is preferably measured by measuring
the switching speed of one or more reference memory cells or by analysing

30 ongoing addressing operations inducing a switching of memory cells in the
ferroelectric memory device.

The above-mentioned objects as well as further features and advantages are
also realized according to the invention with a ferroelectric or electret
memory device which is characterized in comprising means for determining
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20 or write/refresh operations executed thereon.

In the memory device according to the invention it is considered
advantageous that said means comprises a temperature sensor for sensing an
operating temperature of the ferroelectric memory device, and then the
temperature sensor, calibration memory and a set of driver circuits can

25 preferably all be located within a temperature compensation circuit. In that
connection the temperature compensation circuit can be an analog circuit or
alternatively a digital circuit.

The present invention shall now be explained in greater detail by means of a
discussion of exemplary embodiments thereof and in conjunction with the
30 appended drawing figures, of which

figure 1 shows, as mentioned in the introduction, a schematic hysteresis
curve of a ferroelectric memory material;



tenperature sensor, calibration nenory and a set of driver circuits can 25
preferably all be located within a tenperature conpensation cir GUMARCHZ0§Mat
connection the tenperature conpensation circuit can be an analog circuit or
alternatively a digital circuit. The present invention shall now be
explained in greater detail by nmeans of a discussion of exenplary

enbodi nents thereof and in conjunction with the 30 appended draw ng
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schemati c hysteres ctric nenory materia 2007
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curves bel onglififerést teheperatmeterroel ectric nenory material and recorded at
different tenperatures; figure 3 a block diagramillustrating a nmenory

ciroult as usedd 3 Bilek dadlaf? AMstARRIE n¥inofy BHERIIA A Withi ke dravi ng
of a passive rix addressimg arrange t with crossing electrode |ines;
figure 48 a pepentpindegtaii ng of a passive matrix with cells containing
ferroelectric material |ocalized between the overlap of crossing el ectrode
10 lines; fidiigerédaarpractiphddmwing oftd pagsve mdtrilxi adidressingcotangenierftour
separate potential l.evels to.be controlled on the word lines and bit |ines;
figure 6a sch¥HatF O3 P$ etlﬂ(étr%‘bﬁinfﬁ’des of the potential levels in a
switching protocol as they vary with tenperature according to a first
preferred 15 fagwsitbramringiplgdedveingseha passivematrihwithagslls corainngt he

pot ent i al | eVl Berficoifal i1 (GeaRs & BERhodhStHe/Ver A Ut Brddiin & BRRIAIY ©

according to a second preferred enbodinent; figure'6c schematically the
magni t u oflingfs potential levels in a switching 20 protocol as they vary
with tenperature according to a third preferred enbodinent; figure 7a a
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figure 6a schematically the magnitudes of the potential levels in a switching
protocol as they vary with temperature according to a first preferred
15 embodiment;

figure 6b schematically the magnitudes of the potential levels in a switching
protocol as they vary with temperature according to a second preferred
embodiment;

figure 6c schematically the magnitudes of the potential levels in a switching
20 protocol as they vary with temperature according to a third preferred
embodiment;

figure 7a a block diagram illustrating an analog temperature compensation
circuit according to the invention;

figure 7b a block diagram illustrating a digital temperature compensation
25 circuit according to the invention;

figure 8 a block diagram illustrating an extension to the compensation
circuits in figs. 7a or 7b for determining an actual switching speed according
to the invention, and

figure 9 a passive matrix-addressable memory device wherein the method
30 according to the invention can be implemented.



figure 8 a block diagramillustrating an extension to the conpensation
circuits in figs. 7a or 7b for determ ning an actual sw tching spMARCH 2007
according to the invention, and figure 9 a passive matri x-addressabl e
menory device wherein the nethod 30 accorgpng to the invention can be

I mpl enented. 5 MARCH 2007 12 Before the present invention is explained with
reference to preferred enbodinents a brief review of its general backgr ound
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20 memory array 300. Memory initialisation and logic for replacing defective
word and bit lines with redundant word and bit lines 304, 34 will be found in
the memory control logic 320 as well. The device controller 330 connects the
memory control logic 320 to external bus standards. A charge pump
mechanism 340 may be provided for generating some of the voltages needed
25 to read and write the memory cells. A separate clock input, given by the
device controller 330 via an oscillator (not shown), will be used by the
charge pump mechanism 340 as appropriate to allow charge pumping to
remain independent of the bit rate of the application using the memory macro
310. — However, generally the function of the charge pump mechanism will
30 be provided by driver circuits, as shown in fig. 9.

As the method according to the present invention applies to the voltage pulse
protocols used for addressing passive matrix-addressable ferroelectric
memories or electret memories wherein the memory material is a
ferroelectric or electret polymer, such protocols shall now be more

35 comprehensively discussed in order to elucidate the present invention.
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10 swi t chi ng wbidhajeamydase is higheo thar thegegeranee voldagen Bae actiiahgunbes of

-called i - | ' hal.f
bottor o one YRS RYFERIARH S PORLE AR bl iy B thfle G &Ven
ensures t hat moneaadt frastidnakbepltagem d.o. valiage devels dntermegliatecdbdiveehithes are
not bject ed I j i.el.d ' f i on
0 e LfF L Crskctife 02 Phnd & £ Sldrb GoltaEearg G dddfatheo'F Reldafied O,
lines preferapojagmssiertionirutsandoreferably cidienst halfios evguaettas opre-ghirdhe
sel ected frac{d|pnghn YRl RARRd. Tﬁ%t\fts’é}tdé%’se'léct rﬁ%%sﬁ%g‘?\%\lgﬁag%cﬁ@%écpam

that the average m ni mum vol ta?_e .on the non-sel ecte I nes and
bit |ines in ¢Hls srdrinactivieavord logamad bik lings are Rahswbjestethtp Helages dlere i s

nothing to gaiRcfrioped Hi'?’géloﬁia!ﬂlga gwéﬁﬂﬁcﬁ% %‘ftthe@Witﬂlﬁﬁg‘vo‘lﬁlgfa"é‘fﬁﬁ@nm
vol tage | eve ler tha t hi h selfection rule

| s snal S, ..e.g. .use a one-faqur
and so of. | nthahithe aclivation oﬁ%a’yplls'ehn%wﬁ gﬁo‘"&ﬁol’l&r}ﬁ ablg ORABIRYRIVESN of the

vol tage pul Se?oﬂéhﬁhpﬁejlﬁstlﬂeﬁtsté‘tﬁlzﬂ%(‘dﬂe%ft%fe JelléctBd §tRIticHhl SHIRGESENt S in a
generali zed mat rbé(,tt hown in figures 4a and

ashi on,, th reference to the.
Zb. In order AGURINEInhes EF%S owdaY the apmist shgt theiavesage miskwah
referred to tyeltdes Idenionl the(oivbeleb el woee lineB@ndasit ks ihithe sndhBry
abbreviated W. and to veétlcal_ ﬁ_c\zl/gjrm) heI ect hgde. I l(?:\\t?ls as bit I:l nes 410,
abbr evi at ed BRAUHHSEBNPLEE desSfhaf i3 @ng hence therrisynothing teggin fiom
desired 200 apghpleyidgvodggetdedéction auts mdttefitacyional voltage levels smaller than
this, e.g. to use a one-fourth selection rule and so on.

In particular it may be useful to explain the application of the voltage pulse
protocols and the function of the preferred embodiments in a generalized
fashion, with reference to the matrix shown in figures 4a and 4b. In order to

25 conform to standard terminology, it is henceforth referred to the horizontal
(row) electrode lines as word lines 400, abbreviated WL and to vertical
(column) electrode lines as bit lines 410, abbreviated BL. These reside within
¢.g. the memory array 300. It is desired to apply a voltage that is sufficiently
high to switch a given cell 420, either for defining a given polarization

30 direction in that cell (writing), or for monitoring the preset polarization
direction (reading). The ferroelectric material located between the electrodes
functions like a ferroelectric capacitor 422. Accordingly, the cell 420 is
selected by setting the potentials of the associated word line 402 and bit line
412 (the active lines) such that

35 (DactichL - (DactiveWL = VS (1)



high to switch a given cell 420, either for defining a given polarization 30
direction in that cell (witing), or for nonitoring the preset poMARFHZDn
direction (reading). The ferroelectric material |ocated between the

el ectrodes functions like a ferroelectricigapacitor 422. Accordingly, the
cell 420 is selected by setting the potentials of the associated word |ine
402 and bit line 412 (the active lines) such that 35 (DactiveBL -

I(_Dacti Zg\é\L =dA(S_tl(e1§axﬁe M%?@-t,o h%Qﬁ?mh eﬂd’asAt/otdlHnsartBO'zfa'zrgiébittlhfegmﬂﬁathadﬂs:rmaib

i nes an t ne that cross_ at ells ngt addresse e

control I ed w (Eeﬁlsr%%éifla%f‘gélﬁféls‘é&m%t%fu%%‘tfﬂi‘?d thﬂ]erecﬁa§$ﬁpl§) Q %l?tll%lgségcrﬂgt?ﬁta% hese

cell's 420 ar ethkafisturblvmitdges at hhesshedlis 420 apakeptabeloswiliectliragholdafon pattishese

. y q i 4 T 4 ) X . ;

(AN) 402" anc s BreRi Bebe R A TRRS 00 A bR ARG o YBES e e

di stinct 5l assdsveoworélline 4AOWLEA4 0ReamdbédtmezibitdincheABigt4ixatie nonei ng to t he
i ved vol h Lk s. , i = ' . -

(uct i veve  (AHEEAERATPRERoE Ylstinth 21 3BEBE el 40 Car PRorIHER nthe

O nacti veBL -m@max nicvetlingdotthe penesided votagenaeiasg thagellsiehinamelye), 10

iii) Viii = (DactiveBL - (D nactiveW (inactive word |ine crossing active

bit Iine), andyiapViv,=_(d&NaghiueBle wdrld MREEtRg htfid&bitven¥prd |ine
crossing inactive bit ine). Here i) refers to a selected or addfessed cel |
430, while ii). z,iv). refer to, non-sel ected qgr..non-addressed. cel.ls. 420,
ahown 11 11 g, H Vi Pgeppenict v HeV ACBLE THURJITG O o T DT 7e
cost and conplexity, it is of primary interest to focus on the special case
wher e all0 i naidi)i Ve W gikbmeLind0Qwar(enastive wordrbine pyossingactivie kit linghw
and correspongipgly all inactive bit lines 410 are at a common potenti al

bi nacti veBL By summi ng the voltages around a closed loop in the matrix

grid, the fol)owing condition applies,, viz. 20 Vi .= Vii + Viii - v (2

G ven the val 13 b6 SPumeivest T%nanﬁvnWhﬁma\?HVFé’&érdvlépﬁér%Sﬂ%g ﬁ%&ﬂtévea&tdgse)n he
non- addressed cells 420 is thus IViit =1IViiil = Vivly = Vs/3 (3) At |east

f our separ at eHpot enteifetsstoaa seleetpd oraddmessaxhcell d30hdhile ii¢ — ivDaoeferad
(Do+Vs/ 3, cDot2Vs/ VS, r [ r &f . potential. The
potentials w%&%gfﬁcrtﬁg)(ggég%gnymﬁggseﬁ(dejgﬁusyes’ ?‘ﬁ%’ﬁ@‘f?ﬁo?ﬁx and any change

in potential on one of the el ectrodes nust be copordinated with adjustnents
in P 1 In practlca?dewces where it 1s aesue to minimize cost and compﬁ:lety, 1t 1s

of primary interest to focus on the special case where all inactive word lines
400 are at a common potential @y, ivewr, and correspondingly all inactive bit
lines 410 are at a common potential @y, ivepL- By summing the voltages

around a closed loop in the matrix grid, the following condition applies, viz.
20 Vi=Vii+ Viii = Vi (2)

Given the value of V; = Vg, the minimum voltage value attainable across the
non-addressed cells 420 is thus

Vil = [Viiil =|Viy| = Vs/3 (3)

At least four separate potentials are required to achieve this, i.e. @,

25 Dy+Vs/3, ©y+2Vs/3, Dy+Vs, where @y is a reference potential. The
potentials 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 420 experiences a voltage exceeding
Vs/3. In practice, several other factors must be heeded also, e.g. related to

30 minimizing switching transients (charge or discharge currents) and reducing
the complexity of the driving circuitry.



the other potentials such that no cell 420 experiences a voltage exceedlng
Vs/3. In practice, several other factors nust be heeded al so, .ﬁ 2089
to 30 mnimzing switching transients (charge or discharge currents) and
reducing the conplexity of the driving cifguitry. 5 MARCH 2007 15 There
exi st other switching protocols as well, e.g. a three-level protocol wth
Vs/2 as the voltage across certain non-addressed cells 420 provi ded that

Vs/ 2 hl s | OV\EThéﬁéaéklb’Coth%Critshﬁtclﬁﬁgtprctdo@ﬂs aasell, dopey eirect le@el pﬂﬁoeél with
switching pr c used, does not mt the ventlo

awi ohi ng. pr ot SEots BETANFER ek cardit obarddRéri flie ol Bovidkfiitvy2
illustrates aisflowerltharelVsin ticdtipagtipulatr casé. doweves,i theg type@afckvaydimg and a
wite or refreshccle e

addr essed cel P! é&’% lr‘llserﬁicéées n{’/'! Eﬁt@ exé’gégﬁ lhh‘ﬁ‘ %%?pjgﬁ Q@kc}ﬁﬁ%%? (1001
swi t chi ngd vol skejenoWwhize tisomssad i«eflsrthﬂ detall:LO indicate different activities
in 10 the switching protocol depicted in figure 5. It is assuned bel ow t hat

(Do equals OFl*gurJ fseﬁﬁls%ftééfatfbﬁﬁlwélIsmmﬂlﬁg pH6&Sol Q@ﬁlpﬂi:ﬂng% felaa éwl@scent
state where all rd |1 nes_an |ne are at two [fe

nom nal swi tcm% wrarq agéefrgaks%cleAft wvill pge W Pn\/ﬁleoﬁamp tila/&m ramg

adj usted f r0nhd’&ﬂe§§é2?8éll‘é§ Hﬁeh@es §/v3ltagé%x58é(§ml’ge§rw tifird of ¥Ré hagfifalacr oss
the cells such that -Vs/ 3. "At t2 ctiv t lines . 412 are

e
adj usted to \BWH eﬁm&v?ﬂgag% The fimg Tarkerge . |y indisasé Qiplsrertaimyifcs in
experi enge ant&bwitemgv}@ddﬂ@c&fdé}ﬂ@teuhmrﬂg@;fe 3 hR is AegAmal belbwahan®,vol t age.
The tine dela org& T§10t2|s arblt %ngerg or negative tines are
accept abl e as Geals 0 Yo §S?§‘C§1thl%st‘§f‘l ngw bgdeseriRediel ay which |asts until
t4 and wherein the active word line 402 is pulled down to a O V potenti al .
Vi now equal sto\is theiguidseentstaine wlere ladl wordilings ehdadtbidlsret arel datgwouhirds
remai ns at Vs()i’:! }H:M)I%I Ar svglrfghgg voltz{%eemﬁ'\gg(?t -Vs/3. At t4 the read del ay
I r

has el apsed and e active wor I ne urned to 2Vs/3 25 thereby
restoring the sityatjon after bit |lines are returne %o t he

2. At t5
qui escent pot 8hti Hie inpgtivedip fings 4lQeare @@Mé?rtgél frgn quigprentyalipgitq ¥'s{3ken

t oget heris TheThiagtsanslif vodtagesarrswnbeaictid suehdhatl vV, wern, H ngg/3and bit
| ines have returned to the quiescent state simlar to to. 30 At t6 the

I nactive wordaliings Q% @b (144 £F afd QEIHLREFI eVl OVYS/ 9,35 vy/3.
All cross-points now experience an absolute value of one third of the
nominal switching voltage. The time delay from t; to t, is arbitrary and zero
or negative times are acceptable as well.

20 t; is the start of the read delay which lasts until t; and wherein the active
word line 402 is pulled down to a 0 V potential. V; now equals Vg thereby
enabling the reading of addressed cells. V;;; remains at Vg/3 while Vj; and V;,,
remain at —Vg/3.

At t4 the read delay has elapsed and the active word line is returned to 2Vs/3
25 thereby restoring the situation after t,.

At t5 all bit lines are returned to the quiescent potential. This step is the
reversal of steps t, and t; taken together. The read cycle has been completed
and all word lines and bit lines have returned to the quiescent state similar to
to.

30 At tg the inactive word lines 400 are lowered from quiescent value to Vg/3 as
a first step in the write or refresh cycle. This results in voltages across cells
such that V;; = V;, = V¢/3.



afirst stepinthe wite or refresh cycle. This results in voltages across
cell's such that Viii = Vi" = Vs/3. 5 MARCH 2007 16 At t7 the atWAGEHEPQ7

| i nes whi ch shoul d be wwitten to the logic state "1" are adjusted to 0 V
potential while the active bit |ines whichyghould remain in the |ogic state
"0" stay at the 2V5/3 quiescent potential. Looking only at the wite or
refresh cycle, active bit lines which should remain in the logic state "0" 5

behave as if Ahe,ythw&md"l@;@tlme@ which! sho@sd beheritiehfterthadegleeitag: tHagredur i ng

h d bl
e S0 Y B LRSS e R Pl Py B SRR 3
r ead- out ) rrt?rmll’ogw stasd 20rs stalhatstheVid/B squiescent pagasidcLoskimebhly stuthle whitd
and i nal 1y r AR e ke bR ffhesdyhien Stould Refafh ML AE |48 srdep 1D
i's now clSear | yeHawegariftthey Wik dnactivabitdimesg the diffeteacie zwting thali dummg tine .
ight h b
re' nt ended 02 el Hamelh afiks hiding, ST i RoTifobli F e 1 &
or refresh detlmyacter that @sthgs within the tande@fdmtmhaveacadmtm¢mow ne is
pul | ed up to s&;{s?ﬁﬁ%nl‘hi%l reg{lltﬁ v\é’ltﬁggs ﬁﬁrdsarb%“s gfdﬂltﬁflf Vsstaich 1ther2, Og}' and

enabling the Ol T € res sire ‘\/stgttg)

V11l = nove dowhilBoV &/ 3=V\Ivfﬁr-”e0tdn§lijlol f V= —¥5a and finallyt Wt =aWMd ¥ are
still atygvs/ t Iy stet re |41 the b|t
l i nes arle r efnﬁ, A Jnh%/gg%ﬁ F}éangh ﬁ)ﬂgaj @}éaﬂﬁﬁaf‘%‘/’i‘%% @S\ﬂ ahd 4 V;,,

Vs/3. 20 At tmnaln un miafrlzatmdaﬁétm@trmahé@awg hegang bl avseseaty tlpétl&ﬁpt al . Th| s

step is the eﬁ@\gg&g%m@é td ef@t @%@@@ut%ré gat&@@%@%nu@hqn%ht&x%t

refresh cycl een conp ed and Ines and bit I1nes hav

returned to the quiesc stat | a 0 and . t h|ng
protocol deschil 521316 ?ﬁr“ref’gm%wgl ¢ r%]gresh\;%ﬁ)ayegl%é%ﬁ]asttﬁgp{‘gltq a'ﬁ%‘%ﬁr I hge

and al | bit |adibe woed ameqmqattltuddpmd) atpetenaial mNssw FEnit ngowoéqtmge—VSVS/ 3
in the W esc nt stat active wor aatdurl n t he
road cydie andebouRing Tof Bty PPECTERER e R Red TR Wi cer P

i nactive vvordVlllmemvanﬂ)Wheobt\t's/B|W|lazerevthaygloimeVnﬁa| f]l e‘&(“ftﬁ & camdr%smedl ng
manner . Apartst gw\&hf specific voltage levels, the basic features are

simlar 30 in a ‘ching protocols regardl ess of the nunber of I|evels,

and al though four levels are used foy descri preferred enbodi nents
it shall be ét/mmvvtlﬁapr§9§r@§hr§em § elappe ana@fﬂeﬁteebﬂa Imes e peened to r om

the inventiomvy/3 leading to V; = V; = -V¢/3 and Vy; = Vi, = V¢/3.

20 At t;y all word lines are returned to the quiescent potential. This step is the
reversal of steps tg and tg taken together. The write or refresh cycle has been
completed and all word lines and bit lines have returned to the quiescent state
similar to that at ty and ts.

The switching protocol described in figure 5 can be inverted such that all

25 word lines and all bit lines are at one third of the nominal switching voltage,
Vs/3, in the quiescent state. The active word lines would be set at Vg during
the read cycle and at 0 V during the write or refresh cycle. Likewise, the
inactive word lines and the bit lines would be modified in a corresponding
manner. Apart from the specific voltage levels, the basic features are similar

30 in all switching protocols regardless of the number of levels, and although
four levels are used for describing the preferred embodiments it shall be
evident that systems with fewer or more levels can benefit from the invention

as well.



as well. 5 MARCH 2007 17 In connection wth the enbodi nents of thg grggqept
I nvention as applied to swtching or voltage pul se protocols di SMRGH n
the foregoing, there shall belowin order to illum nate central aspects of
the present invention be discussed exenplpry enbodinents in relation to a
handling the specific 5 problemof a change in the switching properties of
ferroelectric nenory materials as the tenperature varies. Particularly this
trait is manilpesdniettidvndwithetheeembodingerts of ¢hy rogent dgeemtion aslagpliad tbhe

t enperature incr es or generally also,n.an Lhcteasecin the L.t chi

speed wi th ¢ eV Ehpe o o BEEERBlseprBIRR ARl I PRG b eblfe el Bt
where 10 t he Belomonl enderito ibtanenatd cérdra gspeytsesf thiei prefentninventiohds al so t he
probl em that i t | bi: ' [ Lg.point is
oproached  ditulud bRy RhbtineEEm ATk ﬁé“ﬂ#?%h%?i%% titeific

ferroel ed ri cprobtemyof arehengein theg/switching properties afifereelestfiemermbuct ri ¢

properties, partle rl hrough the properties of hysteresis
| oop. Vel - kn@ﬁ}lérgﬁé%sr%ﬁgélllg%gﬁ%ﬁéggggét i gue and inprint which has a

detrinmental effect on the swtching roperties of ferroelectric materj al
may, in case ¥ ?fé&ﬁué%'@ﬁrt,glsi traih s né?mg%gtl%Hi‘{?ﬁr?ﬁ%ﬁr@et@q%eﬂéﬁu% %f‘?[dc
nenory mat eri g tHeh@impferatift iRerealegbe geRerallyedlso tifi advintcedisednrhepovitdieagat
hi gh tenperature sha

| .be considered. 20 The general, salutjon to the

o ot oo o et P da e st AOHIG e BbadsRiolel il Satd¥hgrs e
coerci vejovol tﬂﬁefe@foeaeétefcrmatsgtdlrih(a palyarey thitefil@e oas Huseilos etk pyoilbm that

resent 1 nvention Is I ntro ce a al ropri ate te erature co enpsati on
P hotent i al 1tavay Lnd fo eXBERGIERS pla Bl P Cupls ROIgE AP PERLRERS i n t he
pul se prot ocoI]t«R)rEOVeladudis(eslgd peeviioud hwitghh_tg%istd’ﬂgi csfd tfe feresslppokemental a ]
t enperature o e TeNDI Voo et er.m ned eit-her i rect _.easurenment or
Lot ermt mat CpatetfalORER 2trect b IEUAhRBEASY FIRbelRF Ul bSRersERapa BTy 85 Y
measur ement oéxpiressedbticonghdhe ppepattiesoft lerspeneatsuloe poW ell-Knerwm phenodmiena
nmenor ice n Y| . L i r nsar., i he
ooy O o i ad Rigde pEa SRDRnt RN HasoadtrinORE] BHYEE op YR SWirqpint
bel ow. The t epmpreatias of aciesmeledtric mhteniad emdys inleasedhey ogcor, impavt aonnent al
t t . th Gl i Lronnent al
omperature o TR RIsRo ool theCrepRIERateiEl hEtdoty miERa) hdannBR el O
t enper at ure ofeglaetedetybey itreswitthing propefti¢matamighdempsratige shellee | t

considered.

20 The general solution to the temperature-related increase of the switching
speed or the decrease in the coercive voltage of a ferroelectric memory
device as proposed by the present invention is to introduce an appropriate
temperature compensation in potential levels corresponding to the applied
voltage differences in the pulse protocols for addressing in the memory. This

25 presupposes that a temperature of the memory is determined either by direct
measurement or by a determination through an indirect method. A direct
temperature measurement of the working or operating temperature of a
ferroelectric memory device can easily be done by mounting a temperature
sensor in the memory circuit or on the memory circuit board, as will be

30 described below. The temperature sensor will then sense the working or
environmental temperature of the ferroelectric memory circuit. Ideally the
environmental temperature will not necessarily be equated with an actual
operating temperature of the memory material itself in an addressing cycle. It
is for instance well-known that the switching of e.g. ferroelectric memory

35 cells of a polymer material may induce thermomechanical stresses in the
memory material proper. Particularly in stacked memory architectures as



Is for instance well-known that the switching of e.g. ferroelectric neno
35 cells of a polyner material may induce thernonechani cal stresfs'lééRFHZf)?%
menory material proper. Particularly in stacked nenory architectures as 5
MARCH 2007 18 known in the art, both the R ssipation of generated heat and
t he danping of nmechanical oscillations can cause problens and at any

I nstant the actual operating tenperature of the nenory material due to slow

heat di ssi patifgwn iRshe aﬁt!';ltbbelli tloé dfsamamﬁnobgeﬂmrgtw héditaemd ttee @amipirgnoent al
tenperature of the .5

t t
erForm a. g ragenaunaf hyitietioph 8% saps? Biviems Andl o tnal AR 1°
material, butopeyatihg tenmeeatarel o€ the memdt mdtermladlm/\t(t sllmwngeaqoéﬂdmahoa

reor . col | ACR RS AL ERRELIGENLE R A et B ABEERRR PRI, pee
and the tsenpeciatuit asel‘f Hnazvmrpltymammrt ibel pracucaiutlodpmfoapm dirdcf sansing of

det or 1 111G g ki By 08 0K! hORORS SEREESE b ETROHETERRR AR, o

provi de for a nor e poten s in
t he vol t age ptwllaiedptoca mnbhlmgqspdedb@f doxmotyecell vﬁhtemnttcll;lpgcspfeled Croetﬂdalbence

to a particul gl Bfr%hqé agfl ﬁgﬁﬁhgtéﬂe?a%gﬁtaﬁlgrfg@ﬁ‘% e@’édeterﬁgnkﬁ%o& bt ure

can either be neasure I'n an 1 n |rect
manner as setbeimeeaﬁbeeswmhlagfspcgd apdahe temperatberiphéie mamerypmaterézh

havi ng & oPeLAie a a;fﬁi%@f&l&%terﬁl lif me'wﬁteﬂ Qﬁffheqontaevl% gréfd?i?’éd“ Of the

ferroelectric nmateri dresse dy ementin rature
coef fi ci ent k@plwdment&wbﬁcﬂl@l previdgdar ademprraane ﬁgnmrtsag@n\wi ONpher

predefined f I V, r ure 5 as
dash- dot t ed ﬁ%‘?rﬁ@%ﬁ’%ﬁ‘ﬁ.lﬁti‘“éﬁh‘yﬁ“é’étpé T ’0“6"%52‘3*2?%@6%‘%‘%“‘%30 and

640 as shown Vithpupspesifisaeterense je aparticular prefersed temppeatirear that V-,

Vii, Viii anddéférmn?artﬁ)ﬂ he. tré Tté’rﬁﬁéra@ﬁfec@dﬂféﬁh@tcb@%ﬁeésﬂ?ed Gﬁ‘ebﬂ%}‘b@% cihile
Vi, V2, V3 and éaret le act.ug| potentials, which neans 1 equal s

(DO, V4 lqual ke geteyine¢ In Antig éPtam?PéeEé%ﬁ?‘i WOV (T) is 25 applied to
all the potentials as shown in fornulas below. V4 = (Do + 3/3 * ks(T) * Vs
(4) V3 = (DoIn+a Pirst prefe(rey embisdifrtdnt, e propbem-+ofiiBvingke( dperatidg (6) V 1 =

(Do + 0/3 * kt%?n;aeratiu\(ﬁ I‘EIQHV%&’ Iw"sest'orm E@’ﬁri%Br éf tth%r%? (?etlg&? 191% erriaga?nt

i s one which nshi era
an exanpl e ofaddresseal by implementing a temperature coefﬁment kS(T) for alterlng the

nominal switching voltage Vs. The predefined four potential levels Vy, V,,
20 V3, V4 are shown in figure 5 as dash-dotted horizontal lines, and respectively
denoted 610, 620, 630 and 640 as shown in figures 6a-b. As used herein it
should be clear that V;, Vj;, Vy;; and V, are the voltages perceived across the
cells 420, while V,, V,, V3 and V, are the actual potentials, which means that
V; equals @, V4 equals ®y+Vg etc. A temperature coefficient kg(T) is
25 applied to all the potentials as shown in formulas below.

V,y=®y+ 3/3 % kg(T) * Vg (4)
V; = ®g + 2/3 * kg(T) * Vg (5)
V, =@y + 1/3 * kg(T) * Vg (6)
V=@, + 0/3 * kg(T) * Vg (7

30 The simplest form of temperature coefficient is one which has a linear
relationship with the temperature. Figure 6a is an example of such a
temperature coefficient which can be written in the kg(T) = a+b*T format.
The potentials 621, 631, 641 deriving from V,, V3, and V, respectively and
compensated for temperature are all on an equal relative distance from each



tenperature coefficient which can be witten in the ks(T) = a+b*T ég{: Q
The potentials 621, 631, 641 deriving fromV2, V3, and V4 respecstl\’I g% Wd
conpensated for tenperature are all on an equal relative di stance from each
5 MARCH 2007 19 other. Depending on the properties of the ferroelectric
material in question the tenperature coefficient may have non-Iinear

rel ationships wwth the tenperature, such as ks(T) = a+b*T 9 or ks(T) =
atb*e” *T. Anodther. Dppérmdingson the pspetties df tiefanceebtricmrtetiabirngeesidmg

temperature A L eSHuLE Bt SRAL AN favc ROTSuRdY FOBSHLSRIA PR, becor

Qurie Lsrpe;:“eg@g%gfgr? mg@gﬁg m“ggg;;?gg@"gigﬁ?gsgzﬁa;'nzy
f i t i

(r)rfat hemat 5ol tlfbg‘lp:qne'l‘lﬂel ﬂiethsseffjj mdvitg:ed}mﬁtm;sgﬁnggéqcén@nacéﬂser)ésmggitheent at
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has been 30 a ase e pe elve age across
cells 420 whdwaenhabkﬂvésmord lines 400 cross inactive bit lines 410. Such
crossi ngs constitute

One example of using offset voltages is given in the published International

20 Patent Application No. WO 02/05287 where a low parasitic current load on
the bit line during read operations is compensated by adding an offset voltage
to the inactive word lines 400 and inactive bit lines 410. The result is that V;
becomes V;;+5 and that Vy; becomes V;;—6. However, the magnitude of &
must be selected carefully since the perceived voltage across cells 420 where

25 inactive lines cross active lines, in either combination, becomes greater at
certain times, thus increasing the risk of an undesired reversal of the
polarization direction.

The present invention, in contrast therewith adds an offset voltage 6V to one
or two potential levels. In the formulas below, an offset voltage 3V has been

30 added to V, in order to decrease the perceived voltage across cells 420 where
inactive word lines 400 cross inactive bit lines 410. Such crossings constitute
the majority of the memory array 300 and help the most in reducing
undesired reversal of the polarization direction although the magnitude of &
must still be selected carefully.

35 V4 = q)o + 3/3 * VS (8)



the majority of the nenory array 300 and hel p the nost in reduci nﬁ

undesired reversal of the polarization direction although the meyWARGHZ00F S
must still be selected carefully. 35 V4 = (D + 3/3 * Vs (8) 5 MARCH 2007 20
V3 = (Do + 2/3 * Vs (9) V2=cb0+1/3*Vs+6V 340) V, = (Do + 0/3 * Vs (11) In
figure 6b the added offset voltage 6V is shown effecting an increase of the
5 adjusted potential 622 above the dash-dotted representation of the
original potentiaV,62@, ARIerr¥ii vely, there can be a sin}aneous
reduction of the potential 630 by an offset voltage SV resulting in an

adj usted potential 6324, SiiA kay_tiog{he tenperature coeffigignt of the first
preferred enbodi rre\n/lg, q)l?e 1?)%22? v%‘IVt age may vary with teﬁp rature. This

variation turns up_on the b? adj usted potential 632 as sho in fig. 6b. In
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cal i brati on refPg g8, hE pEdhuiaIRaze aIT ARG BRSNS oty of
and/ or of f set eqdltrgipey distanceasi fgpma¢achootheniany losgewert er (DAC) 704.
Together with input froma tenperature sensor 706 the converted infornmation

i's run through athgd prefersp@hibclifen®df tHd thvetition, Ascombieaioid of ghar ge
P L e e T TR ki Y s ol PR
digital t®npepashHowsabonafisehc@bfehe edthpera®dret dffiedentcon the adjusted
potentials 621, 631, 641 corresponding to those in fig. 6a, while the total
effect, with the offset voltage 0V as well, is given as the further adjusted
potentials 623, 633.

The three preferred embodiments described above may all be provided with

20 circuitry according to figures 7a and 7b wherein a temperature sensor is used
for sensing a working or environmental temperature that would be suitable
for determining a circuit working temperature. Figure 7a shows an analog
temperature compensation circuit 700 that could fit e.g. inside the charge
pump mechanism 340. A calibration memory 702 provides information about

25 temperature coefficient and/or offset voltage(s) to a digital-to-analog
converter (DAC) 704. Together with input from a temperature sensor 706 the
converted information is run through a set of comparators 708, 710, 712. As
a result, charge pumps 714, 716, 718 control the potentials V,, V3 and V,. It
is customary to connect V; to the ground, thereby setting ®, =0 V.

30 Figure 7b shows a digital temperature compensation circuit 720 that could
also fit e.g. inside the charge pump mechanism 340. Input from the
temperature sensor 706 is sent to the calibration memory 702 via an
analog-to-digital converter (ADC) 722. Data from the correct address in the
calibration memory 702 is supplied to the digital-to-analog converter (DAC)



also fit e.g. inside the charge punp nechani sm 340. Input fromthe
tenperature sensor 706 is sent to the calibration nenory 702 vi @ MARCH 2007
anal og-to-digital converter (ADC) 722. Data fromthe correct address in the
calibration nenory 702 is supplied to the digital-to-anal og converter (DAC
5 MARCH 2007 21 704 and run through the set of conparators 708, 710, 712.
Again, charge punps 714, 716, 718 control the potentials V2, V3 and V4,
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710, 712 or charge punps 714, 716, 718 may vary as a result of the nunber
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t he charge densdium dfsetthduridg addtessang or selifchingopetmiorshdihge shielhsakey of the
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oubl | shed | niprs by anarthY B R4S AURRIRR bR o B S s ERE M hEr
The di f f er encspebdtofermamadryg cehlarayeshadnisé ekplain&bwiiticrefasaxceviot figuien®. as t he
readout proceeds. However, the difference between the charge densities is

af f ect ed sby tMguia@srsqlfdvma SP¥ehP FOEIMNdiRRt dRIrininkti6n OfERBR RIS NI sture
etc. A conparator 810 g)&gggres tt‘g di fferen(cie bet ween t he charir]seé ensities

with a predettéMASHRYTG dreoelectide mempphdeyighal WO MEeRANd X The
counter 820 hemiBar€avéd hodefhenceelleTHadereApE Calls Maypbalbsatedhft the M

el apsed Is t hglgmfo?)rzva@l[a%e%(s (())r tprllc(?vided on a separate reference memory array. One of

the cells is set to logic "0" and the other cell is set to logic "1". During

20 operation, both of the reference cells are read out. A level detector 800
continuously subtracts the charge density of the "1" reference cell from the
charge density of the "0" reference cell. This type of arrangement has been
described in the published International Patent Application No. WO
02/05288 (Nordal & al.). The difference between the charge densities

25 increases with time as the readout proceeds. However, the difference
between the charge densities is affected by the operating environment as
well, i.e. temperature, moisture etc. A comparator 810 compares the
difference between the charge densities with a predetermined value and
sends a stop signal to a counter 820. The counter 820 begins counting when

30 the readout operation starts. The time elapsed is then forwarded to the
calibration memory 702 in order to determine the operating temperature that
corresponds with the time needed for the difference between the charge

densities to reach the predetermined level.

Now a fourth embodiment of the invention shall be described in which the
35 adjustment of the voltage pulses as applied in a voltage pulse protocol is not



calibration nenory 702 in order to determ ne the operating tenperature that
corresponds with the tinme needed for the difference between the TMARGH 2007
densities to reach the predeterm ned |l evel. Now a fourth enbodi ment of the
i nvention shall be described in which the 285 adjustnent of the voltage

pul ses as applied in a voltage pulse protocol is not 5 MARCH 2007 22
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above and neasur i n I)tg n? ci EeCt I
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cel 15 Used T ofISOrhf T At adRismanlor fi timBeRaPeRre &t udse RF91oCoL ABAL be
used as 20 par kst @rparnof deik itieing sd(h&nﬁe,ﬁetgy adpistment 6 paiseel eagtiomag be
combined with adjustments in the pulse intervals, i.e. the time between the
different pulses in the protocol. As before adjustments can be made on the
basis of the temperature measurements simply by using a sensor as set out
above and measuring the temperature directly while the pulse length
25 adjustment is then found by using a look-up table. Even more preferably the
switching speed can be determined by addressing and monitoring one or
more reference or test memory cells connected in a matrix the same way as
memory cells used for ordinary data storage, and the switching speed will
then be used as a parameter indicative of the memory cell's response as found
30 by simply carrying out an addressing operation or read operation for the
reference memory cells. The advantage of using switching speed is that the
change thereof shall incorporate the effect or other factors than the
temperature, such as humidity, pressure, mechanical stresses and so on.

With reference to fig. 9 a discussion of a ferroelectric memory device

35 adapted for implementing the method according to the invention shall be
given. Some of its component parts have already been discussed in
connection with fig. 3 and shall hence only be briefly mentioned. As before



30 by sinply carrying out an addressing operation or read operatlon for the
reference memory cells. The advantage of using switching speed iSMARSH 2P%%e
change thereof shall incorporate the effect or other factors than the
tenperature, such as humdity, pressure, ngxhanical stresses and so on
Wth reference to fig. 9 a discussion of a ferroelectric nenory device 35
adapted for inplenmenting the nmethod according to the invention shall be
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qui escent pot 5 oSelfptipR of Memery GRUP QI rqfed to
Vs. On g |iwese BbeaitiorandkBl pice directdy @i ¢he addressing operatlon via the X
decoder 32 and the y decoder 302, whereby preferably word lines WL and bit
lines BL may be selected as active by respectively a pull-up or pull-down
from the same permanent quiescent voltage level chosen as a fraction of
switching voltage Vs referred to zero (or floating ground), while inactive
25 word lines and bit lines remain on quiescent potential or are pulled to another
fractional voltage referred to V. On bit lines BL,.s; and BL ., there are
shown respectively two reference memory cells 420A and 420B which may
be set to respectively the first and the second polarization state, i.e. in other
words represent a logical 0 and a logical 1. The reference cells 420A and
30 420B are respectively connected with bit lines BL,.¢; and BL,.r, and form a
part of the memory matrix in the same manner as the other memory cells 420
and hence will be subjected to same disturbing influences or dynamic
changes that may occur in the other memory cells, whether due to addressing
operations, environmental factors and so on. — It should be understood that a
35 pair of reference cells may be provided on every word line WL in a similar
manner. — The reference memory cells 420A and 420B are addressed in a
read operation and the result is detected via the sense amplifier bank 306 and



shown respectively two reference nenory cells 420A and 420B whi ch nag

set to respectively the first and the second pol arization state,5WABS H2ﬁ°7
other words represent a logical 0 and a logical 1. The reference cells 420A
and 30 420B are respectively connected witpybit |lines BLrefl and BLref2 and
forma part of the nenory matrix in the sane manner as the other nenory
cells 420 and hence will be subjected to sanme disturbing influences or
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by an amount se\ferqrtmgg&npﬁrﬁéo%%r@tddw qakHer.angl shal lomogsog@rnéera%r
correction values for either pulse lengths, or pulse intervals or pulse

20 amplitudes, said values being input to the pulse length controller 903 or the
pulse amplitude controller 904 as is the case. The pulse length will be
adjusted by some amount + 8t, while the pulse amplitudes will similarly be
adjusted by an amount +6V. It shall be understood that e.g. a pulse generator
shall input pulses with determined amplitude and/or length to the driver

25 control unit 330 and control parameters deriving from the pulse length
controller 903 and the pulse amplitude controller 904 could be applied
directly to a pulse generator for applying the actual control values to the
amplitude or pulse length or both, as stated, and it is evident that the
simultaneous adjustment of both pulse amplitude and pulse length can be

30 performed when the control units 903, 904 are operating synchronized. It
shall also be understood that the component 900 in fig. 9 will be identical or
more or less be similar to the component diagram that is shown in fig. 8,
while the calibration memory 702 will be common to either kind of
controlling operation. This implies that the control units 903, 904

35 advantageously both will form component parts of a pulse generator which
adjusts a pulse lengths and pulse amplitudes with correction values as



shal | input pulses wth determ ned anplitude and/or length to the driver 25
control unit 330 and control paraneters deriving fromthe pul se 9 MAGEH 2007
controller 903 and the pul se anplitude controller 904 could be applied
directly to a pul se generator for applyingp4he actual control values to the
anplitude or pulse length or both, as stated, and it is evident that the

si mul t aneous adj ustnent of both pul se anplitude and pul se | ength can be 30

per formed whegedivd GPtHd OAlibakion Hemh %2a%egmgat1é hSOHRC AP SYdpEReely '
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controlling operation. This inplies that control
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to adjust the voltage wth the control value amobunting to SV as is the
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the driver comimi¢ similar gompongntscim fig. 3 eowayezuib yaken fergerauted thasm an
approprigje Sﬁfé"ixﬁgﬂctﬁﬁf‘ﬁﬁé %é}ﬁof}ﬁaﬂéﬁc%%mﬂ{heﬁfndpﬁﬁlﬁ %eoébéigg\sm @g@%@féev' ce
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wi |l be obvioys nbfbdoﬁ{ﬁ%ﬂsadjﬁgﬂnhénﬁ%fi t'hetsftﬁta%fetplﬂﬁg heD] '&%ﬁ@n&éﬁt&?
el aborated further. Fipally, 1t should be noted that 38?331 ust rren]té of the

vol t age pul sechangesdsithaanengencel fesponssghall servadore ssdprb veliagssse

shal | serve tQ d efhifsfertt wltddes\ecasted bg(é.g.ecapacelﬁsrbewup\rmgtsaﬁeﬁlegﬁnerat ed
by e.qg. aﬁﬁpam tive Qoutgl in . sneak, curregés in.the cross-pqint matrix)

S Or
to non- addr esSWACHES By eé—‘ég?%‘PBU}tilﬂﬁtr topa-addresged peemory felly duging ang

al so be not edaddy@bsinigrdperatifnh Oleshouds aWo be n6RIdvehat Qiblr pkecddiresiifct of
both fatigue and i i i

nprint t ch . cell . .may.be nmuch nore prone at a
i gher st chsdtge dpaiyiats g BB o R At elE and Qo Wael 8 @eRoBNEEH ng
from an i ncr emag bemiucl herppraieiatca hithedlswiatlghgtspeedpor ausdpctedein etk
enbodi nents di scusseﬁap(ﬂ?ei nabove i particul ar. rt‘ﬁf ers to ferroelectrics,
> a .

it is to be U?I%ICE{GO g ?wlggé‘gcgﬁtan mncrease in tne emperature.

20 Although the various preferred embodiments discussed hereinabove in
particular refers to ferroelectrics, it is to be understood that the present
invention mutatis mutandis can be applied to any electret material exhibiting
a general dipolar polarization behaviour and wherein the polarization
response changes in systematic fashion during the operation of the memory

25 device, irrespective whether this is caused by environmental factors or the
actual addressing history.



invention mutatis nutandis can be applied to any electret material
exhibiting a general dipolar polarization behaviour and wherei rp MARCH 2007
pol ari zati on response changes in systematic fashion during the operation of
the nenory 25 device, irrespective whether2g his is caused by environnental
factors or the actual addressing history. 5 MARCH 2007 26 CLAIMS 1. A

nmet hod for operating a ferroelectric or electret nenory device, wherein the
menory devi ceCEaiM$ ses nenory cells (420) in the formof a ferroelectric
or electret thin-filmof polarizable material exhibiting 5 hysteresis,

particularly @ ferAQﬁéﬁ%ﬂrf&é&'grQﬂlﬂgtari‘%}rdé%dtﬁ'érortélleé‘trfat hiBm&Rddeviter st and
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bt 1 om the Bondzsting st 585 ORRE ety sTdeReRY nodtl RIS HRL RS b
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| erences r |

set of elect r@é@gfﬁ? Pgeépgg%gelgr%ald%is %‘i@%g §%t (Zfa%lg {Sr d§§ r@gidﬁréﬁ ells
(420), said swehereaf themetheddinfflementes vottage qzmﬂ)sm}irmgcobcmnpr'rsmg ameald set
Ceatt thvee suftiufietUitsh a3bic AROREGVEY PRH uRE selliehORCot L Bhaf bl s 15 ™
steps for a) m@deﬁncmamgplattudleemd lengthsamdreseiar a ireatl cmhevcmmprlaesz:amigmg n a
menory cel| EétpWS’lfté% orFff g?:ﬂ’c%éhs% é’lﬁ{:t’r@&é‘s Qf HS? %ﬂ%@fy sAY FRt Gha! ni ng at

| east one correction
second set of electrodes in case data are read out from the memory cells

(420), wherein the write/refresh cycle of the voltage pulse protocol
20 comprises applying another set of voltage differences to electrodes (WL; BL)
of respectively said first and second set of electrodes in case data are
written/refreshed to said memory cells (420), said sets of voltage differences
corresponding to a predefined set of potential levels such that the predefined
set of potential levels has at least three separate values, and wherein the
25 method is characterized by
steps for
a) determining at least one parameter indicative of a change in a memory cell
response to the applied voltage differences;
b) determining at least one correction factor for the voltage pulses as given
30 by the voltage pulse protocol on the basis of said at least one parameter
indicative of the change in a memory cell response to the applied voltage
differences;
c) selecting for an adaptation of the voltage pulse protocol at least one of the
following pulse protocol parameters, viz. pulse amplitudes, pulse lengths and
35 pulse intervals; and
d) adjusting one or more parameter values of at least one of said selected
pulse protocol parameters in accordance with said at least one correction



30 by the voltage pul se protocol on the basis of said at |east one paraneter
i ndi cative of the change in a nenory cell response to the appliéﬂwﬁg¢ﬁaﬂg
differences; c) selecting for an adaptation of the voltage pul se protocol at
| east one of the follow ng pulse protocol2paraneters, viz. pul se
anplitudes, pulse lengths and 35 pulse intervals; and d) adjusting one or
nore paraneter values of at |east one of said selected pulse protocol

par anet er s i nfagtesrowaereby Winkehorsiaote ptildeeanpliniescone e¢tmore pulyBRepthe)and 27

factor, whereby one ar re.nuls i, udes,...one. qr h ul.s engl:-hs, and
one or nore p(eﬁ'esgr F’rﬂrgr@?%“ﬁ%vagaj%gg?gﬁlsg‘i(fﬁléﬁers%??aafg%éf f/)?cl)lfl cl%ﬁlh%:lgg%?ﬁati on
i n accor danceinvidcordamat eitheal deteted changdhim thermemaryl dell sssponse. 2. A

met hod according to claiml1, 5 characterized by adjusting in any case the

val ues of theppul sg gepldd aderaaiiPElaifer pul se Tength of a switching
vol tage pulse in the vo tag(i_i pul se prot ocog. 3, A nethod according to claim
U £ H&spfgf

| Il s&
1, char aét er | hagagiprigeddnhadiusngdnfny; casedhe va thechelseiampliideve of a

10 response Cﬂﬁﬂ@?tﬁé‘pﬁ}s‘éﬁeﬁgt}pﬁﬂ%bﬂféﬂiﬁé%lﬁtgegﬁﬂ_% iPfige Paltagepalse
indicative of a SVYI tching speed of said nenory device, and by determ ning

said at |eastPT®%@€leorrection factor in step b) by deternining a swtching
speed- dependent correction factor. 4. A nethod according to claim3, 15
characteri zed3by daAtmethad accading ta clagast, one paraneter indicative of the

e . . ( o ea 4 of
a0 ey daiiraetizeR B dPerARANY il o8 Red R SR BARRRG: Mitioaltograpted ©
measuri nf saitesponsepbhanges pesiepm) iedetermmgingtas leastt eng paranegies pedidative one

or nmore refer g@g@ﬂf‘dﬁ?ﬁ%’ RB@&E _%g s8id %i@aspﬁe@fc 9%€Hgﬁ/a<?é}eﬁh%i 4aid St least
ot

characterized by measur said swtc speea al ysi ng ofigoi n

addr essi ng openacowastipndhcirig sdep ) byHlaternpiming aoyvwitelingsspegdtdrpendant y
device. 25 7.. 4880 F@eeording to claim3, characterized by determ ning
said at | east one parameter indicative of the

4. A method according to claim 3,

15 characterized by determining said at least one parameter indicative of the
switching speed in step a) by measuring an instantaneous switching speed of
said memory device.

5. A method according to claim 4,
characterized by measuring said switching speed by measuring the switching
20 speed of one or more reference memory cells.

6. A method according to claim 4,

characterized by measuring said switching speed by analysing ongoing
addressing operations including a switching of memory cells in the memory
device.

25 7. A method according to claim 3,
characterized by determining said at least one parameter indicative of the
switching speed in step a) by continuously monitoring the switching speed of
the memory device, applying at least one switching speed-dependent
correction factor to the voltage pulse protocol implementing the applied

30 voltage differences, adapting the voltage pulse protocol in real time to a
change in the response to the applied voltage differences, and applying said
real time-adapted voltage pulse protocol for adjusting at least one of the
parameter values of the pulse protocol parameters in step d).



switching speed in step a) by continuously nonitoring the swtchi ng sReed of
the menory device, applying at |east one switching speed- dependdMARCH 2007
correction factor to the voltage pul se protocol inplenmenting the applied 30
vol tage differences, adapting the voltage qgil se protocol in real tine to a
change in the response to the applied voltage differences, and applying said
real tinme-adapted voltage pul se protocol for adjusting at |east one of the
paranet er valgles oA rhéthodidc®rding ecolaimdt,ameters in step d). 5 MARCH 2007

28 8. A nethod accor.di to.,.claim7, characterd zed by ,adjustin | |

par anet er Vaﬁﬂ@ga%tprlgrpgﬁ)é’ag@ugﬁgg#l PHAMSFL Yaluss &fc%dfaa%a?rhen%fg}%spliﬂﬁest ep
d). 9. A net hndteardqgatamgtém ialstéprdy, 5 characterized by determning a

swi t chi ng speed-dependent correction factor in step b) by a cal cul ation.

10. A net hod qccor fifgiHo gg&qrm% tEdaipei eri zed by determining a swtching
f ' 3

speed- dependent correction factor, in stgﬁ, b) by a_reading of a | ook-up
table. 10 11.charagterigadducdeiermining aswitghing Waé@mn%g ceyregEion xctithg a

first and a si@lcggﬁg\gytgehngﬂmd-dependent correction factor in step b).
12. A method according to claim1, characterized by determ ning said at

| east one par teg .indicative . of .response change in step a) taking
pl ace by det ef%?ni‘égmgﬁlqc@%%@%gmg %’a%%%?%r indicative of a tenperature of
sai d nenory dehsiraeterized Hyydetermiming agwitahthg speddedeperdsnt correstionofactarct or
in step b) by. d R . le QnRe er at ur e- dependent correction
factor. 13. &ﬁ%ﬁ@?@c%g?%#lﬁ (ﬁgat %:qogﬁelﬁ?&@,ﬁgzo characterized by determ ning
said at | east one &arameter indjcative,of the tenperature in step a) by
sensi ng Wh opklat i Agnetiaskrcrosdingto ¢di Jenory device directly. 14. A

met hod accor difiaéRrizedi Y deéterndingcd Gistzadll DYceleiEsWitthigg 8peed-dependent
t enper at ur e-de(g.endent correction factor in 25 step b) by a cal cul ation. 15.

A nmet hod accof T Taqtar iR 88p Bhar acteri zed by determining a
t enper at ur e- dependent correction factor in
12. A method according to claim 1,

characterized by determining said at least one parameter indicative of a

15 response change in step a) taking place by determining at least one parameter
indicative of a temperature of said memory device, and by determining said
at least one correction factor in step b) by determining at least one
temperature-dependent correction factor.

13. A method according to claim 12,

20 characterized by determining said at least one parameter indicative of the
temperature in step a) by sensing an operating temperature of said memory
device directly.

14. A method according to claim 12,
characterized by determining a temperature-dependent correction factor in
25 step b) by a calculation.

15. A method according to claim 12,
characterized by determining a temperature-dependent correction factor in
step b) by a reading of a look-up table.

16. A method according to claim 12,
30 characterized by determining a first and a second temperature-dependent
correction factor in step b).



step b) by a reading of a |ook-up table. 16. A nethod according to claim 12,
30 characterized by deternining a first and a second tenper at ur & MaREHZ80
correction factor in step b). 5 MARCH 2007 29 17. A method according to
claim 16, characterized by determ ning thedirst tenperature-dependent
correction factor as a tenperature coefficient, said tenperature
coefficient being applied for adjusting all paraneter val ues of at |east

one of the pul’se pAghegeld acvopding et €lagmi I6,step d). 18. A nethod according
to claim 16, characteri,zed,by det.ermnini he second,te r at ur e- dependent
correction (AT CHECd Do AR EEn bR G oL AP S St dGRTACRg BB SR Bpp | o
for adj usti ngfadtor dscasémperatarptodfiitéentakaie empmtanticeffieisnt beingt ep d) .
10 19. A net hod,accprdi to cl.aiml16, characterized by adjyst.i aranet er
vall ues 1 n" st CPRIEE G a0 st Be Al hPemBrar VARBE bl Tk BTy RS BESERSLLT
the firstS tenpmrantetes-idestepdgnt correction factor and thereafter performng
a second adjustnent in accordance with the second tenperature-dependent

correction fapg or, AGhethod@Ad QiR MPEMiMErd ormng a first adjustment in
accordance with the second,  tenperature-dependent correction factor followed

by a second adjanaeteeiedity defermintagdbesecand temperaiire-drpeRdfnl IR ent
correction fagkfir as?éh offseBVBREgacsRd Gt o l@kaitBidg agbﬁéé%?hdﬁfsfﬂirfgyat _
determ ning sai d | east pine gar net er Ind{ﬁiﬁltl\ie of a 3 response change in
step a) by déeastheng Ampiiude yalucpeppieniiplieyeliingterd)ve of the tenperature
of said nenory device by neasuring a switching speed of nenory cells in the
devi ce aifid apl.yi ndy methosdaterdingeth claimel@t i on bet ween the neasured

swi t ching spe . r ' he

cel 15 for dorintnerizef i aBeubl TEhabHEdlhe) IESTRTY by (%% SoctBimile )

char act er i zedfitsy adpasiorent gn secordanicecwithghe pustitemyperatisngr dependeat swi t chi ng

speed of one BRIAP(, : . t rding to claim

20, charact er(TcHzré L(;?/n rfrgéégfjrgﬁﬁghsai d eg\ﬂ%ﬁ:dﬁlﬁ%nggapseee%gﬁtﬁa%}ﬁﬁ%ﬁgﬁgég by

anal ysing 30csegdants wildy diesiesgnd jemper ainsedenardenf eorsegtiarhfagionformenor y

celI's ing he jiternatively performing a first adjustment in accordance with the second
temperature-dependent correction factor followed by a second adjustment in

accordance with the first temperature-dependent correction factor.

20. A method according to claim 1,
characterized by determining said least one parameter indicative of a

20 response change in step a) by determining at least one parameter indicative
of the temperature of said memory device by measuring a switching speed of
memory cells in the device and applying a predetermined correlation between
the measured switching speed and the actual temperature of the memory
material of the cells for determining the latter.

25 21. A method according to claim 20,
characterized by measuring said switching speed by measuring the switching
speed of one or more reference memory cells.

22. A method according to claim 20,

characterized by measuring said switching speed taking place by analysing
30 ongoing addressing operations inducing a switching of memory cells in the

ferroelectric memory device.

23. A ferroelectric or electret memory device, wherein the memory device
comprises memory cells (420) in the form of a ferroelectric or electret
thin-film of polarizable material exhibiting hysteresis, particularly a



ferroelectric nenory device. 23. A ferroelectric or electret rrermr%?gﬁ\é'g&e,
wherein the nenory device conprises nenory cells (420) in the P
ferroelectric or electret thin-filmof polarizable material exhibiting
hysteresis, particularly a 5 MARCH 2007 3fpferroelectric or electret
polymer thin film and a first and a second set of respective parallel

el ectrodes (W.; BL), wherein the electrodes (W) of the first set are

pL ovi ded Id n sfighedededtrial diyelectrieog olyaiclierrﬂhﬁtfilﬁnsmdoatfnstimedelmbnddeSof(BL) dof
t t rein t on
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out fromthe res éceo e’ vol tage pul's
prot ocol 15 c&mﬂrﬁrst agdappmyd sgt aﬁglelfiérrOd@él(Vﬂﬁ &)t ugjagm vplipge pabset o

electro of gg{s | case
dat a arceiﬁ)swrl @ éﬁkﬁ'lg?%'rg%ﬁi gﬁﬁéwnngréﬁ?'r ce ?’@é@?e%eg%ggﬁsﬂg {égile?age
di f f erences Wﬁégps)ﬁﬁ voltage grdsrst o hpredesinedramplitiidesand lopgths, stherreadat
the predefi ne@y Etconpﬂrlsflﬁl&:’d@)&ilfil gaegeléfM%agé dlﬁ%?énéé%rt%eeléé’ﬁ@ﬂé’é gf val ues;

and wherein a Iver qz 'S, pr OVI ded for plying, via
driver circuitespedidyelygmq timband seerntd sefolselectsp %ﬂrbﬁweada 2EAREI 634 OUf he

el ectrodes (V!tronBﬁ)e fRim &y @414, Ae mﬂe/@m\sﬁ -gyRMd bPﬂ@@v@Rﬁgé&)h@d’&pMOcol
selected cel|s according to the se pr.otqcal ead and
o1 el 1 ek eaHCUPBRINE ASDI AN AEITE S260¢ VR EER g TET R B S eroRes 0bo.  900)
for deternini fgpattilegsdaid Zirsoard aceiEs e of adt:ﬁr@tleyen ohs@dafwayge in the
MR R ORI NIRRT
det er m ni ng a&oﬂré@}ﬁdncbﬂﬁ édeﬁiﬁw@et é @t@nubhmm@u@}au@htathelpﬁadéfmae set
e i I Gh B TR, o CORERR 20! o o
t he fol [20m ngcmksbumJtQBGO))is pﬁi\aded ¢osapplying via driver circuits (901, 902) the
predefined set of potential levels to the electrodes (WL, BL) for effecting the
above-mentioned operations on selected memory cells according to the
voltage pulse protocol for read and write/refresh operations,
characterized in comprising means (700; 900; 906) for determining at least
25 one parameter indicative of a change in the memory cell response to the
applied voltage differences, a calibration memory (702) connected with an
output of said means (700; 900; 906) for determining at least one correction
factor based on said at least one parameter indicative of the change in the
memory cell response, and for selecting for an adaptation of the voltage
30 pulse protocol at least one of the following pulse protocol parameters viz.
pulse amplitudes, pulse lengths and pulse intervals; and one or more control
circuits (903, 904) connected with an output of the calibration memory (702)
for applying an adjustment of one or more parameter values of at least one
voltage pulse protocol parameter, said one or more control circuits (903; 904)
35 being connected to control inputs on a memory control unit (320) and/or a
driver control unit (330), whereby the voltage pulse protocol with one or
more parameters adjusted in accordance with the change in the memory cell



pul se anplitudes, pulse I engths and pul se intervals; and one or nore control
circuits (903, 904) connected with an output of the calibration WﬁBFV 2(’%)2)
for applying an adjustnment of one or nore paraneter values of at |east one
vol t age pul se protocol paranmeter, said one3pr nore control circuits (903;
904) 35 being connected to control inputs on a nenory control unit (320)
and/or a driver control unit (330), whereby the voltage pul se protocol with
one or nore fRpsnsd e badippdicdctoi thead ectrodesc@Vl, BL) b tleharegeorynddviee wéaror y

Il 5 MARCH 2007 31 . Lied t f
Che monory neditier crautgROO LA e Rel B Tyt (32 aBa T S ER ol amelh 55
302) connect ethebmitpatnof theedduepoostrof uni€330) erd thortecdtodesi (WLIBD)). and t he
el ectrodes ( 4 BL}\'m%ﬁror?ed;éWi@{ éfgﬁd\ﬂnc% of claim?23, 5 characterized in

W

that said neahs is connec th one or’nore pairs of reference nenory
cel | s (420A, dzoBeterizedta theteaid meens s caBiectedity gnelevimercopaics af m 23,

char act er | 264 byt ek 808s 283X 900HA0N e mPEQY) 44000 conneot ed

bet ween a sensé anpliftier he cal 1 bration nenory (702) for
10 perform ng.an anal ysis of response, of .the menory cells (420) to read or
wite/ref reshzg-perét' OQkQEYIItCSd’t{]‘ﬁé%%.’ 26. A nmenory device of claim 23,

characteri Zedchﬁgbfb@tg{eﬂ&h&hﬁtﬁa%‘ig@%lrmfailﬁs?% (906)31§3pﬂt Btided aﬁdfﬁigfne_ét?d@ﬁ) ;0;7
sensing an opgrating tenperature rr ectr.ic menor ev , :
A ooty dev BENRST SEMEAD Lk denk B985 and thp e bt Bt () B or
(706), sH) d cpéifbrmingan maabysys of Fé€&ponsadfahes eiernbdrydteNe(420) wuidad dr714,
716, 718) are_al I/Igrca}t&ed vm'tt hi n_an %@ﬁlbog t enperat ure conpensation circuit
( 700). 28. AMUPTEHLER OPCLAURFXLHECT TCTEPDc) ai m 26, 20 characterized in

that said tengerature sensor. (706), said calibration nmenory (702) and a set
of driver ciré6itsA(memomdevices)f edauna3, |ocated within a digital

tenperature CORRERRRZAANnCthAEYAld fédRd comprises a temperature sensor (706) for
sensing an operating temperature of the ferroelectric memory device.

15 27. A memory device of claim 26,
characterized in that said temperature sensor (706), said calibration memory
(702) and a set of driver circuits (714, 716, 718) are all located within an
analog temperature compensation circuit ( 700).

28. A ferroelectric memory device of claim 26,

20 characterized in that .said temperature sensor (706), said calibration memory
(702) and a set of driver circuits (714, 716, 718) are all located within a
digital temperature compensation circuit (720).





