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field, will ultimately degrade the remanent polarization states +Pg 110 and



partial switching will take place upon application of
electric fields below this value. The extent of the

weaniioasesswi t chi ng depends on the material propermNo28(3/000312

10

15

20

25

30

35

35 but repeated application of %I ectric fields, even
if lower than the coercive field, wll uItlmater

‘ de rade the remanent polarization states +PR 110 and

ext Ehtl ey g e ME Bdeep e i P hAg o-Puf Bfteg gn. s the
| t switchireg pestiotobiatgp knowacasl voltdgropidsewrotacolothasgetermines the
PULRSRE YRG0 llm é@g& %b?ﬁ%éﬁeﬁ) {Héemeﬁ{cﬁ@ d&&' fihﬁhga'ead and

by “applying v nmenory array
anwriterapesatipes. A n @ppropuiatgsprisghingtprosadal ds unﬁgded in order to

g{ ﬁ{,&ﬁp& s’[@b\?ﬁgﬁﬁﬁeﬂ (féllgr\gﬁé taﬁ 1ﬁdf\>18h91 13 iV BhB/ory array is read

er ce n an | nal vl menory array
i SOF @értttemrTQ\AthltSt@d theovaltags e m@tqsa@ll paegerfigssnd applies

@I’{lfe%rrﬂf P%%r ﬁ@glsaﬁboﬂh'eeeclec@f)&é’sefﬁﬁéfbeﬁéj n’{&hbﬁg@ell for

odes to select a menory
ada Adeesping %nﬂjpﬁtfpf@r%ﬁ &@%W@s@?%@tleﬁel’@ﬂeﬁ thmame time

at kb&si ?&'ﬁ% dikfBb JFERRAI- Me&féﬁ SRt atr dnfhidienr, 6 begtdlly of voltage
a mnimm, A p

cel |
Bl e ogle NFuEbear T EIRREd &5 |casSbHE Hpdey g&@@? A few
ef Eﬁsﬁaglés EaWbe FuanR L) .SaPatat Mo 000, 182 ARaéssdn), U.S.

TRatent N 4 3 gh AN Lk o and Patlﬁﬂﬂﬁhgﬁaﬁntwiepa?l’atent

Applpplidation No. WO 02208283 (Thohpapawt atf). al .

Ferroel ectric and electret materials general I y exhi bi t

SRl RN s b
Th dgpmdﬁntmenwrpnmsntahfm@ms endedsorthepadiessiagehistory. This may

Qé/ q rbB | 'W’l'iéh ‘éla GhgtetiAf! are?éif kfhory devices that

d| ere erati condptl ons,, .In tha
coﬁrﬁeexp@w for dlifﬁmntja 1‘?¥Et3é’dig eperetingrqasulidens. |]é1t at connection

Mafedi 18 b PRl thaf RrFddecstiRCmadsi4lb ﬁrb?erl?'f@ﬁh@&%class of the
per manent

and_ are di st i nguj.shed arl
t o elgaireds apdl agg de%wgm%%ﬁgmbem RFTIHART L& I cither of
ex @Wb'ﬁdr{}&n@hﬁ b@lﬁﬁza%mfrﬂ ﬁate{csﬁaﬂdoéﬂﬁwimgg h§}lst%@¢lﬁ§l Intlef following
rior art as as o re
P icuRbion S hBTRE A0 45 Walla o Preneatd eaiarenty of Mg invention
t h@h@ﬁfb@ﬁd §1tyaﬂﬁd dlteﬁ@%l%alh@l brrdee I‘D(b lease tlgfﬁﬂ%ﬂistandﬁﬂg of the invention
regar en err ctrl t u ex
botaneraur s sgadafandsncisd s fempstee Sndbiintboth
25 hiystetrésinlaadl dipbhar pudhrration | behabmluaw our can be
i nfluenced by the anmbient tenperature to which the

f e'l*a?ﬁ%@l%}f the 1§f12 ioh %eﬁﬂ@io%?tc%ﬂ bé\’ﬁf-ﬂuenced by the ambient

ferroel ect terials undergo a structu

t r APTBPETAHIG t%mhaclh ﬂngferr@ﬂs@ﬁrm maéermlrﬁfsgga %pé‘chs&

Phasgobl¥cPrid nﬁﬁé’rﬁa%@déﬁ?@@stﬁﬁétﬁ?ﬁ' Siedsei teans8f From a high-
This transition occu eratfure Tc calle

@ﬂ@l@pﬁ@tﬁfﬁ ng@ﬁgn@@ qqtglg e ilpt,oc%, \yeten%peﬁg pg'?rroelectrlc
| NYhe el Thisatkaatietoccir Bt £tdmperat@® B Culleé the Curie point. Lead

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
working temperature, becomes an important factor of disturbance. Figure 2
demonstrates one possible effect of an increased temperature on the
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and bit lines during an addressing operation and hence
this aspect of the voltage pul se protocol shal

wonvalesssaot only the pul se | engths, but al so PO®/NER003/000312

10

15

20

25

30

35

pul se intervals. Briefly stated, the par anmet ers of
vol tage pul se protocol would ?eri S pari bus be

determ ned as said and set for addreSS| ng operations.

Th oNs:

| Z%rpﬁ Qﬁit{lfearg%een 'tﬁ‘é‘cecﬁfa cﬂ:@tléer feesmgt%égmaggmﬁ{rmlga ggglthls is not
anngpessepily aiwamﬂmeaser The. q,perahag ¢ompetatnge sfeerl a memory cell

| t |
e EhHERIRR AL bl Do b o G s adaresing
Mf)eh asrval disthesi dissipated foememuitigpovissilectyoniceasiriitry.

of maj or inportance. As stated, these include the

rrefl’dmuy itrig & prgharsy N@eaﬂﬁﬂﬂib?ﬁﬁ@8n{3ﬁl§/di@%0t@ Wd@ a thethod for

t t
G TR R Y W e
caservellike operave vpltagependthe ewitichéng speed it segaed to

e e,

d| psinpayeabjecohenangénprally adins cit rodiviiating chamges wr doift in the

Fec’slﬁgihsla%fachg n'[n%ﬁéiﬁf gQﬂ? ‘dfl ?ﬂf) g&fwgmiqft Veitgcteltsggddressmg

pr btﬂtemamurgel@ubystnehmsgnﬂumdm ¢hdppemtam of femoslectric or
thelde g[‘ae”c‘fhéllﬁg dlglst@rﬂ%the?QHGtsp%ssc‘é@ ir‘ér}#fq&eét@ § me'éﬂamcal

regar n opera eroe Ctric or
el ebemégal rﬁértbpgmabnatzm orrmnbmatmsythotqcefct hence

generally ains at obviating change or drift in the 10
r edpisndso ah dbjecteiiicypreebhisindeftiba tepron dv® li*ﬁ@?thod for switching

nfl uences fFessi. hi st ory,.and .ous sire

 nontEHEFRpeRRIE il Ning P GAF ol bl SR That are prone
me tw teraperatimet ¢ffects fumdsdri fis Bosnanereopaicatinly é¢ids, an object of the

T I i e
pr &ttt voltagopillse protpealvpatemeterstanddwhich shilt bhipagticularly

! n
1?12%(2 T}o{ﬁgéo ﬁ?ﬁg%&cﬁq?fo%leﬁﬁ ok elgc‘gpgﬂleem?raf materials in the
fpran of fhm Sihects and drift. Even nore particularly

| t | s an object of the present invention to provide a

t eFilﬁfll%i itrie apostjessof tmpf@bﬂpﬂw%ﬁﬁlohct%%l%vﬂ@atfﬁﬁoelectnc or
ﬁ gr g?lseggrotocol ara terﬂ%qnf ﬁﬁ;
paP echgt Hepo dewigerphbie pihe fl@f%@réeqn be

or ilprehéedmenory rmterlals inthe 20 formof thin
films. Finally it is an object of the present

| nygRLL r\}etlﬁeﬂf HEESb ??c{jlcg E%Fgg ﬂ;ﬁ?gf feath St advantages are
mefory devi ce ere n nventi oh can
bereq #ﬁlde%ﬁ@ﬁf g tpHbedpyontior itith neneﬁmdewhgzlw chetracterized by

assfepk trther features and advantages are 25 realized

according.to the invention with a nethod which is
cha)} detesminiang agyleast 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
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



steps for a) determ ning at | east one paraneter
i ndicative of a change in a nenory cell response to
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| east one correction factor for the voltage pul ses as
given 30 by the voltage pul se pfotocol on the basis
of said at | east one paraneter |nd|cat|ve of the

?@%ﬂéﬁﬁg@ EE )Cﬁéc?reel éﬁjrraﬁ'é ons PEF% A f@i&) %ﬁ §adﬂ selected

mﬂtoag]epmhméemmt a:(molrdzmcel witht sadd et c])éasit lome correction

f °| %ﬁ%ggg@%bffoﬂé H)I‘f e gﬁ@gftﬁd?%g&}e&)}]b\%‘e pulsg lengths, and
VD%@GK/@QB%EBlSIBGmma@O@BWbBath e7th¢)c seppageliyngr oneombination

or 1%6@0@&1@%1% aV@étH&]%de‘haﬂ clifi3RE n‘f&ﬁo@; dﬂ‘rgs onse
sel ected pulse protocol paraffeters in ac ance” Wi th
sai,d at .l east ,one cor.rection factor pne, or
o/ Bl G R aBLOT Ghis By b e el Brable ensting the value of
oneh@)pulsere&nphtmh: and/er viad pubedengiiiof edwdtdHigg voltage in the
se tg or .o o]p‘m nation 5 in accordance wth a
det @i? gpﬁ‘r\%%@‘é" PRt he menory cell response.
Accord| to the |nvent| onit is in_ any case
vaniagaess aigbedianent afehemethod gneosdingnisl theuidarention the

an df !Hasi Bfie Fiié'rélﬁet&riﬂﬁtba‘?fveaoisz‘l"ké kg c‘fﬁhé@?ﬁ dgﬂerhﬁﬁed in step
VO|§§2{(}?§U se rotﬁ) I'n an advant ageous

of @ SIRRHIRG 3h [eash @n@dvqrﬁ@etwadmaéwet plea syotching speed of
| egaid RrrodlestdEnemdr ‘?da&@%&%@hﬁﬁ@%ﬁﬁiﬁ&ﬁ&@%ﬂ@ cbfrection

et Bt 8 Samch Y FetSToninin g aisvilrE Speedrdspendaiporrection

felfacctef.ectrl c nenory, and by determining said at |east
one correction factor in step b) by determning a

S\mhté ‘fllgi'nb%éﬁ@&%?elﬂqp %;g‘glggﬁg:é o z?dé}alng%gec{ug;%e(%egmﬁnng said at least
dePBe panmgtes dndicativieeafsthe S(Ywéclpagasmed rnistep epbiyweeasfuring an

thehstamiaaBHRY S\%E’t%ﬁﬂ}ﬁ &EOf 1d%n’5%?e°’c#{rlcrlﬁe ry. Preferably can
c ec

i nst ant aneous SW t spee sal d erroel-
me sy thepswitehing speedibe me&uneriéa;sme@emmg thp@@atqinng speed of

MEgfe @& f&‘éﬁﬁbb"iﬂeﬁﬁ&? %\9115 C&b?f %Bn%Bﬁ% Q&dressmg

nore referenc
A ggé‘emoelectrlc memory

an
adBPeLaLiong lzele%ﬁggaﬁ%ﬂ% hingof merprs oﬂ&ysa
megevicecel Is in the ferroelectric nmenory device. In
this enbodinent it is also considered advant ageous

SELE A3 S5 oS RBEBEN A5 o

noldasbene @arame’mm indiviatiyesqfethe sofitehingfspeedeh stdp aX by

MEE8Bhdnuously monitoring the switching speed of the ferroelectric memory
device, applying at least one switching speed-dependent correction factor to
the voltage pulse protocol implementing the applied 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), and in that connection preferably adjusting all
parameter values of at least one of the pulse protocol parameters in step d).

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



25 device, applying at | east one sw tching
speed- dependent correction factor to the voltage

wouebe®2pset ocol i npl enenting the applied vol t ageT/N0O2003/000312
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di fferences, adapting the voltage pul se protocol in
real tinme to a change in the reggonse to the applied
vol tage differences, and applying said rea

ti ocol. for t

B RIS 8B R RS LB v
dﬁtﬁrmlnpdnamre 3 in step d), and in that connectl on

preferabl y adjusting all paraneter values of at |east

onenqhotm ard»asleagsmrsc&iﬁbomreaﬁeiﬁh% th8thvldeRe bk ding to the
Prefer Q{Y vvrtchl ng s eed- defﬁcﬂdent cqQrrection

f alRYLQT §31d,2 ?a%ta‘ﬂl%e raatel Idiedkivg oh adgrpomss ¢hange is

or dbterrrdadd g s&f 8) bpdetetnihaty Qt le%'st 8hé %ta&ﬁbtérainmatlve of a
2004/ 025658 P Hg%OOS/O 0312 st and econ

swi T ERPHEUE, Qb RIS B it ol e ref mrensoigy dave SHgepand by
deﬂetemrnnmg sraldta&ﬂeinéthoﬂgb@mmtgtﬁf faﬁﬁﬁh}] 8@pObSby determining at
e e od .accor di the “invention
sgr? ) S&Pe%%é“ RrRder “r%‘?‘gﬂm 19 a response
fe is 5d term ned in step a) by determ ning at
| e ¢ e&#@Yp%\ig#éil@st ORERAEEIE rdﬂdwatt\@m%ﬂm fgnepashture in step a)

sajgtHear dl@c@hﬁi—‘ﬂéd B @énﬁhg @Serﬁﬁ }1‘@)%‘1‘%’&1% ozl‘régld%ﬁemory

det.erm n ai | eas corr
st QSV)&F chyéq B{ ép]ﬁi, % qr@pgr@atuqeeggﬁeqﬂe@t correction factor in step b) can

t et Bé deterdined dsnd caRuUIAH 6Pbyashaing &Y &ﬁ@érahﬂpytable

said at | east one paraneter indicative oOf th

t :%@&%ﬁ&ﬂ@@lg z{‘fﬁ%te&cf‘%eco]néﬁrfg@lﬁ%?iﬂ}rg ciq i Y nﬁgpgkj)’%ectmn factor are

d edﬁteerrurnecé ¢n step b)nainé ﬂn@n’d@r fitsitengpepatnde dependent correction

Cofe{&Sf f ﬂf%ﬁ?ﬁbﬁff éi're%rﬁjhﬁ Ct%ﬂ%pérgﬁﬂebc%e?ﬁ%%lﬂmb%%gg applied for
@Nﬁﬂﬂg\ﬁél parametess Oﬁﬁtﬂ%‘c one of ¢hp exwlxtmpmtdepbmiameters in

COEtre?C(pS %1‘1@9%19&11 F)?efgggél LA e b@cﬁf&rﬁﬁgﬁ?&r t@%ﬂandent

epe ent corre 1 oNn
s%‘rréﬁ‘é%rﬁwtoaés éﬁ‘rﬁrﬁ@ae dgs antefigrirealtags, soit bff@etemltage being

beaﬂ?hé’@Bbl' Rudthg aﬁgda%bh@ Qnﬁiﬁtnﬂ@r@ﬂ% Bf 2. ﬁgteﬁﬁal level in step

one” of "t he pul se protoc paraneters in
d)y/while equally preferably then the second
t enper at ur e-dependent correction factor is determ ned
aslmthisfsteend eoittaaliment af id afnfsidered aldvagtageeusadjusting parameter

Sg%@??a % % rﬁ& %ggr#ogrgr?%% %r}%r?%t%‘ﬁl ' tt@%@&ﬁlaggor%rance with the
enfiosi tﬁﬁmeraturcsle@@nécEMMG@tmﬁng and thelyelasfterr mpgrforming a
paﬁ%ﬁ?q_]ugﬂhé’rﬁsm' dbcdt g nvgg[lﬁ the's3 %;quﬁr% %H]r%rg dependent

first adjdstnment 1n accor
t eﬁ%?%ﬁﬂ@ﬁi éa@t@p,ewdelrﬁ@m@rvcbcpeﬁnnnm erfishddjusémeat ireaccordance

PewAQ tHeBcBnd e gatﬁijé gﬁhgﬁ%t' Jbrf'&,oc ARG 6r ltlgwla& %y a

second tenperat ur de en correc I'on fac
al 8650m8 adnéﬁf,m?retrmo%qwn@a@efWrthtthacfm&ttermpcrature dependent

acesréanee factor.

In yet another advantageous embodiment of the method according to the
invention said 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
memory cells in the memory device and applying a predetermined correlation



wi th the second tenperature-dependent correction
factor followed by a second adjustnent in accordance
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factor. In yet another advantageous enbodi nent of the
met hod according to the 30 invéntion said at |east
one paraneter indicative of a response change is

termne in ste det er m, ni
e el e P RGP RE SPembaPdnf acbit 3 fames of the
demenmfwna’&aiia]lrofrtbe aelwifor detegnepomgithef latteenory cel |'s
in the nmenory device and applying a predeterm ned

gg]f}{ \Ag{eaﬁtc'oﬂgec\fnglgéiéé%g% ;i_ﬁ% E@édggéed a%%@%g %asﬂred by measuring

t etiservsitehiaegsipee QHEQTB’F W%t’fé SRCHMANRICET ﬁ% % b}’ analysing

debﬁgé‘i‘n@ zﬁﬂirb&‘ﬁngaiﬁe%tloﬁﬂﬂd’ﬂ@ing anmdesiiag dfi@emory cells in the
swi.t chi n speed 0(E)re erably measured by neasuring

t hECTEQ FEW%@GM OfCGne or nore reference nenory
cells or by anaIyS|n% 5 ongoi ng addressi ng operations
|f n@Theiabgva-rmentiohedg Jﬁctmmqll ee fughenfaatares and advantages are
e V.
ooy 58 AEEE B PSRy 16 BS Bfvontlth, AR (HRQLICORSE momory device
al wdmleas ch@acmwddmr@mprlsm mm@mforodemrrmhn@g at least one
f eﬁ‘p SO &6t Eﬁcﬁcﬁrﬁ{}? oY adﬁ‘ n%r%ﬁ 1nV’t‘Bb‘}Heﬂn%r§ E@Il%&ﬁéﬂs‘fe@% iR applied

r-sitng mnmeans ni ng east
paVQH@g@ i Fteemeasi Q/éabbfaél%hﬁwwrb’rPQW@CF%ﬁWﬂ %Pptput of said

ﬁ‘&%% Yok Gefe'?’ﬁnﬁﬂ’@ bﬂéasﬁ’@hé @Gﬁegtlﬁﬁ ThefvEdfased on said parameter

brati on _neno connecte out put of, said

reiBoaEYe g6he ﬁngfglfaf q @5&1%0%?& KSPOREF G SRt gF more

baésﬂtrgg chehfls e@ﬁﬁe@eearwnh @i Gpuy of e tAbeRRIOMentory for
ry ce respo

d
ci REBIE S8 AULHEE T, A PTiE-OMOBE PAFFMENRE SENTHPERY lgpst one

MeRrBIty é@hls’&pﬁ@@bdﬂ Iﬁtﬁaﬁﬂat&djsaﬁd OB or @horeneontroln@ireuits being
| east_one_ vo

P GoBRATep P Bt makts o SRS el Epl ifor.g driver control

beuﬁﬁ wirneley tlg@lvbhage) putsaal pnoinmttlswﬁh cmermmro)te cpanameters
river ¢

y Op &Eéeci)m ggc%dgpg% 3 I}Gnc 1?11 %\M}gl gp response can be

adppplied to thaebmirtaies ofithe memery Havipe vin dm‘eerrmn@nts and
f ﬁlgl ﬁé 5 onse C§§n€ectgg pBRPLLEthd 8ut[totﬂl?s & %Q@S’S@ chBtrol unit and

driiver crrcul
ci tlwelestnodmect ed between the outputs of the driver
control unit and the electrodes. Preferably said

e PRSfelr §bI§HRE Gih ShsVis [ddn@BEtedr withréhePér frﬁ)r@fpalil%f@ﬁ fefence
nmenory ceII ln the menor deV|c and,.e

pr S1RARY Gel theamemprydgyice Qg egua]rlg rgted)églryda signal analyser
COF‘@Efdﬁde@ %hﬂ&ﬁihr@cﬁ@hb@tv@d‘@ﬂ a béreve drapkifiendahkeand the calibration
cal i

Lok gqr ]?GH‘EDIE% ggp\fyg{stm &@igngg %Hﬁé %neomory cells to read

or erte/refresh operatlons executed thereon.

In the ferroelectric 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 the a of driver circuits can
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.



or wite/refresh operations executed thereon. In the
ferroelectric nenory device according to the invention
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conprises a tenperature sensor ﬁ r sensing an 30
operating tenperature of the ferroelectric nenory
device, and then the tenperature sensor, calibration

mﬂ%ﬁ)rgy&t 1@96&1?% sﬂgﬂl rW %' f %&'1&%8%%85{%%‘%{&5{'1 by means of a

ocat
C| dtasmussmnnoﬁ mamplxaoym naﬂmdmmentfethem@’émd im eonjunction with the

I
FRPRL A bSO NI, *0 30041 025650,

2
l{gilgqa Y /ooosﬁ%épgétg@recggf {alqufnggpci.].gz\éem, g?sncglsétﬁ%lttgc Hysv)cleresm
dl seHESHPA fefroelkstiit aiomerpagiieral;s t hereof and in
conjunction with the appended drawi ng figures, of

Wh?gﬂlaé i) ﬁleﬁtlﬁﬂgﬁ’i‘n tAe 11('%8&1&&?@19 d @ofnlﬁﬁrlson of two hysteresis

Uction, a schematic hysteresis curve of
f e pupissdeal phgingsteothy smeeﬁraveleﬁtrgmrr@rlzora/smﬁtfrmlmi@orrecorded at

diﬂf@rén@ttéﬁ’i Hféth&%f a conparison of two hysteresis
curves be on |ng to’the same ferroelectric nenory

TR SR SRR B hE et S AR K Shneq e

anmed:nrwl émbbﬂﬂneﬂt@ preferred enbodi nents; figure 4a
a principle draw ng of a passi ve matri x addressing

ar pf @Wﬁrﬁ r&‘ﬁ’b%gie ‘Ei‘ir&’v?/?ﬁé‘ o1 8liRekHvedRaldig ﬁadrés's%g Srr4Rgement
nei ple dra %édtfia passive matrix wth cells

coﬁ‘ﬂﬂ? ATGtgING glec $S¢ material |ocalized between
the overlap of crossing electrode 15 lines; figure 5
a If@ide alibda prlint:mle @raw@ﬁg pifiat pdvisivg maatin ouith wietls cooteining

g e T R I T

na@;metsudes of the potent| aI levels in a switching
protocol as they vary with tenperature according to a

fi 'f%ur@ r5ed @éé@gn@%&mlt §W1tEh Rbcslcwetefdue akpirate

t erranltudes of the la?fi]tla |na§\1\£1 chi ng

pr BobBaldsvelsdy hﬁa?qnw 0B Hie e Hnet e En% a

second preferred enbodinment; figure 6¢c schematically

t hdigwagfiat schemastcallystheanagnitedes ef tiespotentiak d¢valhimg switching

25 REQIF A RSy LRSYwidl %ﬁ%%?‘%‘ﬁ@ REbAUEG 0 HPEREr0d

pre
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 6¢ schematically the magnitudes of the potential levels in a switching
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
circuit according to the invention;



figure 7a a block diagramillustrating an anal og
tenperature conpensation <circuit according to the
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di gital tenperature conpensati 30 circuit according
to the invention; WO 2004/ 025658 PCT/ N0O2003/ 000312 11
figure 8 a block diagramillustrati ng an extension to

Qﬁgﬁfﬁnﬁ, % jﬁ%j%g Igﬁ ﬁg@\ﬁttfat?‘ﬂ]%gﬁ %?%ee %12 (rg% rg E8fnpensat10n

t Immmmm fign, 7a0d 7bi @mr@t@rmnm gn\ae;tual sw1tch1ng speed according
1{11 lﬁgg{lﬁgﬁaﬁ)ﬁ@ device inplenenting the method 5

i'ng he T nvention. Before the present
|nvent nis explained wth rence referr
BB RSSO idateabls fevige terlpRsBLRg Bt method
shaldor@mgifovgie ivehtioparticul ar reference to the
structure of matrix-addressable ferroelectric

dergitg@'f)‘iie{b(m’ 1{1{2'913&1?1’? 'i‘fégé aXnéacf allﬁfjﬂ{f%fséﬁ% to]ﬂe}?{ﬂr@d
d| agbammomm a hnef seviawt of ¥s @ﬁamﬂ braakgmlmfhs all bgeiven with
fEWiﬁ T@%‘i&f@%% ‘%ﬁ!‘: StruehirRe SR frhﬁ-adﬁ?é@bﬁleaféilr@eiectrlc

pur oses 0 he_ present
mm@mqrmsa aenthey grnerelly are @@ﬁ"é—‘ls%‘% of a nenory
array 300, row and colum decoders 32; 302, sense
amplitlh refeser@ittto figt 3, itaholnesinBEd Slmplifueddﬂndh i agwand fdsn the

Sosrusnaniine ToasiPlaL dehd oAy SR LA ERRAR forttetectric
th C:ﬁecgs% tan hsechdlaptdd]ﬁomlﬂmqmrpnms of thespregest inmMeation. A
ey Eerq’ 10 8paftsliSt 8% AmbE blxa Y00, RouPaqd Ehlumn
32@ecd'dees 84t 302¢senderamplifiers8 Aoy gatantatahes 0B and redundant word
245q DiCRALLEAAPIA PRE A" ;g{cfcéﬁ!éﬁl d¥BOEs B P decode the

rease rep aC|n ective word a I nes
|nad<ﬂms JeMOTIYC dbowhilersensiaguiserformed mﬂae sprse amplifiers

|1 868, 34 da%&atgﬂes‘)ﬁ@i hoi@le@HEférﬁﬁtﬁrﬁﬁ o NESE tiRNddtaSs

menory macro ave

ds_cont ai ni

cotransforesd tothe m@gmy qomfts! dagicon20.Thae He gc%ﬂfﬂr the memory

lrrgirqrioa%)rlg %g ((:):Vgﬂl‘ heve racﬁé'ggﬁﬁ bgt gﬂrGf }ﬁeeaBdEéRgﬁgﬁgl@ ctﬁﬁ‘ bet ?&reased by
1 nd wri

t hecplacimgndnt ?C%W@ ayordon %zédmev ifcthemEMORY PERY-SP With

| ogd gt 'b@d}‘daéiid‘gthBfe%‘EOM 84iTh ordeflt éﬁfokmnéﬁoid\défealon the

redundant wor 04 34 wil.l be found

t hmemwv%%? Panay iaav% Sl gnhinig cgrsy Ggrection code
(‘EC@)'lﬁfoﬁﬁﬁl@@ NTIgE hrfenh iy cdl’ﬁf@lrl)()g@@ BR0ahoduiei p:ro&id)es a digital

to. ext ?lgs st andar ds. @ rrechdan SN £ih

AN Sop e RS S, IS PR A e of e

vohiafes aeeddd030émoreadtiatidation aadtlbgicrforareplaghg slefective bit

A aRASE 11%|3so %vlith P&Hmdagjc VR0 d BE tines 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
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
be provided by driver circuits, as shown in fig. 9.



device controller 330 via an oscillator (not shown),
wi Il be used by the <charge punp nechani sm 340 as
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i ndependent of the bit rate of tae application using
the menory macro 310. - However, “generally the
functl on of the charge punp mechanlsmvvl [l 35 be

Do /@%%?@%%Q%%WWQQHQH‘%@ %Pg@hesifo tA0 voltage pulse

acpooiicols used fier addressingipassiveimatrappddesssable fasroelectric
Vo'{lﬁé‘}ggrl Hb?%le&ﬁ’ctlﬁgﬁfo?léésﬁﬂelfe% tﬁ’é’ﬂ{e‘?ﬁ&l gﬁﬁ‘i"ﬁ' & ferroelectric

| X-a dress a erroel ectric nmenor i
el eewleatreteprlymes, sy ratoeols shahlone M@prfglcomrahenswely

ferdri.ét%ﬁisgea %rd&rtoea%{da% Y Yé?eht IMI&f ot ocol s

now e nor e corrpre ensi 5 d| scussed in order

to uc:| at et t Lnvepti oI ta ul se
L s E IR E R S?ﬁépaﬁ ﬁigéb g siEgRs BHbsife
rratmatxrxaaiddmsaﬁﬂb efefmemﬂhe ahemories rmrrelecstr@lr mehmarigsewherein the

mh . .
f orngup e PR isd Rar PRl (Ree s nolyBer papapips, dgtormined
pumésesmmmces with bn@ﬂhdewsiﬂsre]saﬂve td airefﬂafencﬁ sioltage which

fn% & %eil(? B&‘Q né\ﬁf ClofPtHIEYa 2BPfo s%itchlng voltage,
R 3 fe Erd aRPhopars

s va ap roprl a
théhseelectlpnrofo\fvhwh ohyrmepeddpan eomemmyn‘emwl ln questlon but

matorii Stk @7 @Pgh%an\{iﬂb A ehﬁv@ %lﬁc}%%e The dtt@eiumber of

t han ﬁe coerclve vo e actual
voIVlOétheIIGV@]lSé)TSii@sﬂ@de bﬁdhwdmgemlwg@tggpbmy be three or even

pr %1%%? |anﬁ?ﬁfa$’c‘?oﬁ{lr\ﬁﬁt esCVE nVQl't@%éJ fveld ﬁlt@hﬁ%&ia@@ Between the

vol t ta e eve s. I nterned ate etmeen t he
15 SEUfEng g %pta@@ee 8ndcw ¥oltags, Arg ehosg acepiling éa @rso-called

ng@lﬁ;‘ggﬂ&l@@ﬁﬂe %hﬁ%ef?&%blﬁ@ﬁgéﬂa%lf Oheléd BeftBfla one-third
even etter a one
D e Felaction il &8 hedisbie voflags é@keaaensr@ﬁ%ewgﬁs thataton-addressed

en%@[l@%nﬂh@tacﬁ@@ Voot egeeand 6&' liges et hat Hb’@teﬂﬁbdfoltages or
Ilnsand tllnesarenot

t t
ol Sleotrie Tislab detdeEineh & i rapoen of ey VBt ae Pahe V. and

S Wth@t{mh@%dtﬁia&ﬁﬁﬁoﬁ/ﬁow din2@ dnldabit liies E}ﬂbfetablyoﬁnlqif involves
i 0

f
poweHtiA aptioRin caanEPat 8¢ ops SRetaL hBEaL poltages.
f r zmttuaﬁyl itvoistisgasshovAe byahe wpplicahtithdtéhe avhmage inynimum

L AR S0E 0 HEREY TB  YPUARRT P cannot e

carlam thaa V|/8smd IhenceiBiese amdoﬂ]nmg ¢o tgaen éroms empliofing voltage
fr agféc%of rﬁﬁéf ({H{}Pfﬁa@aoﬁg %gpzise\ﬁaﬁé §ﬁ1[tap11%9 tﬁéﬂ ﬁ'f‘lsv\é tghto use a

iona eve
us @ng-fanth sd@ptlhngeleaand@ﬂ oyl e and so on. In
particular it may be useful to explain the application

0; Ih%r?@hla&gﬁnm# 15@us@ﬂ’lﬂtt@%leialﬁrtﬁeta}p@hﬁdﬁ@hldfrthefvoltage pulse

i BOIEIO0F BRAAEE AURHASRR (P PEHBRF PpOUPERSa SRgperalized

4b.faklmionr &eith t&€ference to the matrix shown in figures 4a and 4b. In order to
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
e.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
direction in that cell (writing), or for monitoring the preset polarization
direction (reading). The ferroelectric material located between the electrodes
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(colum) electrode lines as bit,Jines 410, abbreviated
BL. These reside within e.g. the nmenory array 300. |t
is desired to apply a voltage that is sufficiently

I
" 3t T M B PR 477, B hietapao i
( welddted by settifigtherpotdniialnof the aproesatedpvord linat403nand bit line

) erroelectric materi al
{fm’cét eﬁ&i%?ﬂﬁ‘#ﬁ S“Cﬂ t{ooles VO 2004/ 025658

PCT/ N02003/ 000312 13 functions like a ferroelegtric
capaci t‘BsctlkEQ—Q@m@a\AdJﬂé(W the cell 420 is e{ cted
by setting the potentials of the associated word |ine

408t dedsdnd timdsl,etheémﬁnéltdme veotd lined Aﬁﬁsa)ldshu(c finelak10 that cross at

¢ o i o R T gl B 33 Bo plgtial such that

Crtheshamlrb veliaged 20 these <a?d|1$r4321)5 et keptt bedevcthet thyeshedd for partial
Vwoﬁt‘%llgélg@%gﬁ %ﬁ (ﬁotilggé r@cﬁ%%of&‘ﬂh% 406 ﬂi(ﬁ:ﬁ fhes 410 crosses the

ese C

t heaiteowdrd bimep GAWR) 402vaindcanting blrgelme mea dde at a non-
&r&/& %1?4&0”5%\%9%&%%@ dstseé bf %éllgllgoccf&ﬁﬁéﬁefﬂﬁ@d in the

ac Ve wor active ?
4 1Ratix acewiding tedae egmv@ewp tages agrose the sellpd20, namely
classes of cells 420 can be defined in the matrix

80w @almvomj h@gg&%geﬁva edrddase eruselis adtivebitlline),

nanel'y ctiveBL - QactiveW (active

t ilﬁgé}tﬁ:v Earct?v“:’%bg gg\t@xﬁ Qﬂ1{7l \%&%}ndé i:l)os\s[iﬂ.cgf i_ﬁac.tive bit line),

inactive bit |ine) i V||| = Eéi;llveBL-

( Diiha¥ai v @!Ahwémm*a@matevem ((Enactive werk inggrassing @ctjve bit line),
|I£i§a, 15 and iv) Viv = OQnactiveBL - (DinactiveW
(|nact|ve word |line crossing inactive bit line). Here

erstoasel cted or ,addr.essed II . Whi | 6. .1
)quv\n rafterBLL O lwetrvc%ﬁléléffe‘&e oo 8@&@@2&4&1% bit line).
ceI | s 420, shown in fig .. In practi caI devi ces \NB‘I rf
| tHese ersifersciot » seleatad Qrea@ir@(SS%@elé daps sxtiilsil) myiv) gefer to

On G- seﬁcﬁ@c{ ¥r hBhea[cﬁﬁEs§é?1 {QUS20NHIWn SR ER. al. case
V\,her e a

i nactive word |ines 0’0 are at a commn
po ent i

| nacti veW.,. an cor ondi.ngal
Brdebiog! AVRichatfcrpe i egfed CE BRRBIR: o angy complexity, itis
( Dbﬁ plmt:]matyghfreétB?tl ngm ﬂg ?pm:clteggmse azv]mmcalfmtacdnsr@dword lines
apgﬁp are ap, g conymoti tF flal\#mactwew, yn?%o%g%%&hdﬁﬂgly all inactive bit
valides @fl 0\dre at Wscorhtm@nnpatential gl t3a8 . Bal stannglthab’IOétages

?AC éf)oilsqdw g;osgﬁ{}gﬁg%gﬁé enqat(r:lexl fl.;fcidd'%% foﬁlot\{)fﬁsg ¢ofidikion applies, viz.
Vi=Vi+ Vi — Viy (2)

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

non-addressed cells 420 is thus
IViil IVIIII lV1v| - VS/3 (3)

At least four separate potentials are required to achieve this, i.e. @,
D@+ Vs/3, Dt+2Vs/3, Dyt Vg, where @y is a reference potential. The
potentials must be imposed on the electrodes in the matrix, and any change in
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nmust be i nposed on the el ectro%iil in the matrix, and
any change in WO 2004/ 025658 PCT/'N02003/ 000312 14
potential on one of the el ectrodes nust be coordi nated

b drust ( >0 ! _ .
oSS 34 el o BOAR e S et i
pr dlo¢ pther avetials svichahaf notcotlsd2isxperenmasderothgo exceeding
oA LR D ORI o oo o
c ompinaizipgsiwit¢hangrtransientsi(ebanger or. dishbargeesursents) ped reducing

SW ' : el . a three-|evel

p%%%ggﬁ@%@%@%@g}édgéut gip\c/:g trg'ge across certain

non- addressed, cell s 420 provi ded th Vs/2 ,is Lower .

R cRR e el BiowedS s pall, €8 & thide | T grotocol with

SWV gDiaghe Q?Mage @lcr@lﬁﬁcbrdaiﬁmd’mhdﬂie@ké% bbllés Mﬂﬁqjgbivttied that Vg/2

in.a way,. e.swtchin rot ocol, 10 sha ow Sy

o 45 IeEitian V6 if e el oA b0 Howe Ve ths PRY & switching

f opretoeotussdidoesinog lipnivtthe ohverdigpr irsamy weayr ddrk owittking protocol

and, aq,Wwite of. refr le lt.;wWll be clear from

thghgum z)etcﬁgquslgggﬁggfﬁ¥t§8gpgéa§]éd cell experiences a

vol t age exceedi ng opne third of the nom nal swtching

volFiggee 5 THastrates ankougdekel gvitchingoprqtpeelgamaprising a fead cycle

di LharLakitedrirétiesBTycle. 1P willehS¥lehe Fidifl tRé @kafflle that no non-

depicted in Iﬂl gure,5” It Icﬁ assuned bel ow &gat C(t:fgtb .

eq@ddsessed cedlrpericnces ia Yltags ercasding ang s ofdhe nogninal

ib_StstP_fbtﬁﬂg %@t@@tb ‘ifh@tt?‘qumﬁi*ﬁaﬁ_ : Ikeﬁ#,'()t !ﬁ@q@’ Elixdieléte-?l@ﬁ_ f@'E_ht activities in
[ ines_are a jrds. ai omnal s in

volthg §witchag grotgeo] depigied ihEge Jpit 19 %%Qleﬁﬁglaweﬁw‘f Do

adjeq]%blﬁd(_) . OMghel R3BATIES Wllugow heVdds3ribedd Thi s

results in voltages across the cells such that Vii =

Vi V:=q-VS/: t clii [ i .
adi it B§ %g%éfrtesg%ﬁ?t‘i{}ﬁ%&i 41t Yfort'lindd A et gt RS pro at two thirds
cr efshp siominahswitshpeg veHageahValdsol ute val ue of one

third of the nom nal swtching voltage. The tine

Sl_elmtlfth@ ﬁhéétiﬁ@b{tag}e‘s zam)hfelr iﬁdjﬁg?@ﬂgrb_ﬁ{ Quir]dsbemﬁgﬁihb;te Vd/3.

| ngs ar accC abl e as . t | e Sstart

 hd gz fyvoleess feroes Mmesis Suct et Wierel v T FYS/3-

active word line 402 is pulled down to a O V |

potfeiithe activertiiliogs 412 avs adjiestedyo Veneshiting imd/; = Vii = Vs/3.
re . .

Ut 2l R0 GH-pBHIE BESExpiifue o hbs¢IRE L BRCE o fhifllof Ihe

el avreimahswitchengyoltagewbhe timedelay yremuhirfed. 18 apligpagy and zero

30 (;rqfer pi)(,ertﬁﬁhggsi%gg&gﬁmgggiv@al.after t2. At t5 all
1 ne e

bi t s are returned to the qui escent potential.

Thit? i Eh%pstiafc’t ct)fh e 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. Vy; remains at Vg/3 while Vj; and Vi,

remain at —Vg/3.

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

At 5 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
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have returned to the qui escent ate simlar to tO.
At t6 the inactive word lines 4 are lowered from
gui escent value to Vs/3 as aflrst step in the wite

ggp{li a{IeSh %lpﬁ él{lgl\'hl 1518? a%rg ré clltt(i%?% gﬁfeﬁggi;t state, similar to

bi ty.1 1 nes vvh| ch shoul d be vvrltten to the logic state

“1" are adjusted to O V potential while the active

glt I%’flt% P?etslhﬂéﬁ'tl%/\gbgljhgeé a09 aﬁe'tlﬁw%i’@d floMsiga 1§§c@h€vaﬁlet to Vg/3 as
ui es ot.en a

t ha figst step igrtheovrits ar E%é?@ CYelei lsolf‘ftSUFtﬁﬁ ‘gqmg@ across cells

shgﬁlé}gt}{aqrmﬁln: W, £he/Bogi c state "0" 10 behave as if

t ey were inactive b|t lines, the difference being

%s‘w ﬁqﬁﬁgt&fg Bgc figadwhY A gﬁx&hayl%e"‘ﬁ"rﬁté}f:fd e Rgtlc state "1" are

m nor
c hadjaxst@i ta A potential Ilh ithe aptve bifr lln@s' yvhath should remain in the

deﬁéU Ghdngegeqsy Qﬁhe@@/?y Q%i%)éé%}ﬁ?bteﬁﬂhls Ifc?o‘léi{zl%%}-gy at the write

€S aCross Ccells suU
whiok eeﬁVcsh ayele; aetive bit linepwhach showldiremainjin the lggjogstate "0"

anﬂeﬁé{?& y ‘E‘ﬂeg' \%ﬁ faclvebiM 11 t?ié dY#fedendd Bel%%{}thﬁ? during the

seen 1S . now C ear ar er t
angeas] cyaletthey werp @ICHWF‘lef liggs dThléclﬁ.%Wlmrgmo Inguistic

begHRracRIBUEbectd Withf RS tefritdYyodt @é‘@tﬁidﬁﬁ% ié&ﬂ Y& hemory

sane cells are intended to be witt axt vy
st 8pstpmsy gh@m%"%ﬁﬁ&@&%@"%‘F‘? Cq’réﬁrt h del & ay ~2Vs/3

\A'hlwqmé oot "Unt i, £Q andl vakretee! n u\%/s aﬁalfvﬁalwow P = vy, =

s GleiBacaen BB L 5 el Gee 0l Vs and

r eEW@ﬁ:hl 1ﬁ%@ﬁr1&h€gﬂ§ﬁ%&ﬂ)mmhglﬁ havwiesbedn. b weasr] thié is not a
ere

1 Praisiestige R ot s BRe el wrbanRindot ol §ritgn rpthe next step.)

the wite or refresh del ay has el apsed and all . the hit
| i hets theestastafitheaviite opxafiresh delay mghich lestsungilit @nd wherein the

- VabdvaRtbrd dllhe 13 hHe(T gst/oe’a étenfial to%Q/@'\l’ stood nongguals —VS

are returne scen potentla I s st P [ State "0"
t héherﬁby@ngbhngft §t%@§ng@rarﬁére§blrtgakél€hq é@ﬁéf@%?eﬁ%\éﬁ tete 0

W ivt.e= Qho V€ HbRFNEYILB RWRaSrdaRSY joiR W) st ?V}{ftaaq P and Vlv are
wor d' | |nes and bit | nes have returneé to

quEQCEEnYS State similar to to and t5. The SWI t chi ng
prot ocol described in figure 5 can be inverted such
t hatt talthe S@iteoorirdfreshsdelay hak leldpsed  dndesl] dhe bift linereare returned to

th?"ééﬂ%ﬂmﬁg m]nalv swi t\‘f‘%%d‘@l t.aqe, \\/s/ in the

qui‘e The tact | Ve word' i nes’ wouf'd be set at

Z,/f ﬁtﬁtﬁé gﬁﬁvg r@géa grqi%%lg@%{]{q@e gul\e{sgelﬂtlp%%entlael \Ll[(hls 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 ty and ts.

The switching protocol described in figure 5 can be inverted such that all
word lines and all bit lines are at one third of the nominal switching voltage,
V¢/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
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simlar WO 2004/ 025658 PCT/ Nozogg/ 000312 16 in all
swi tchi ng protocol s regardl ess t he nunber of
| evel s, and although four |evels are used for

cv e R pBp Bl Feg RS OTgRo dplrbb ichtfey@y gnd although
b_eftﬁin' levitsoaretusedi foretestobingthengteiferrsd Ienrtll_nmiintﬁrtta'; dtrshall be
\émp%ﬂ&gg?tﬂgﬁb S&%’t{lﬁ%ﬁtﬁ%&% félg)zfs E%Yéslg\ég? l{eg%gﬁifrom the invention

ing o 0
di sgmsdkd in the foregoing, there shall belowin
order to illumnate central aspects of the present

i nlYt?tB_bhﬁébttﬁ% vﬁﬂﬁ%&%@fﬁﬁﬁé@ﬂs&??&%@@%ﬂﬁﬁkf&n‘?ﬁn as applied to

relation to.a handli specj.fic r.obl em of a

Changenime OhaolRRe st opaeiseisspl iR Abf fotiestng: there shall

gEB’eIQW llﬁ) OF@éIetr?: Alnamté bmﬁehwsfy&twoﬁthﬂapfmnt invention be
articul a this trait.is ni .1n a fdecrease in__ .o

Cnihseasrel el sttt a8abinh tog BEROERE Ine Soecific

i nprebisasodn ohange ahlthe ahdtchimg propertiesade farrddlectric memory

swW t chi.n speed with the tenperature, as set forth in

t hglal%ﬁ’ilP%oatfc 'eotﬁ.mﬂeﬁa?]ﬁg V@%}?g' where the ferroelectric

terial i I thin fil h
 riamina 8T g SRy B HRLSSere Ve voltage o il

'F\’/g ?ﬁ(”t)]il/@ r@éﬂigc?rsag%e; 2&5%&33% ®r %@n@f%ﬂ)ﬁ aﬁ@ﬂrﬁ]l%fﬁﬁﬂeasf e itnhthe switching
. ous sw t.ching history. o

f eﬁP@f‘éire@’éihr the teamRrgturga e setiorHhin ﬂ?ef‘é’é’fo‘fqﬁ%lon- In the case where

I nﬁi@fé@ﬂﬁ@éﬁic{ ﬁ{art@ﬁﬁleﬁ d b@ly@ﬁ@p?ﬁﬁ i, dg@rliiéscwllsgrtha problem that

as. expresse [,Q roperti steresis

o iigmadrRd i s h drsratatization 3 3¢ Syt BOGS abproached.

| MM oftoveh 4180 ihs paeviens iswituhahg dfistesy o6thé f@rroelectric memory

SW t%hl.ng 20 Effffo e(rl}tgi.es of a ferfr oel ectr.i c_mmat e[ri al ticularl

rjnaterabuay 4edt thedliptniasaus fsioslyaHin g PRTiL s pprtioularly as

t Oefcbﬁ:sfsedl &1}?}1@1@1 trhieCpmSpm;]ﬁie}s ofihestesdsid hoadp. AaleHekndwen phenomena

ne cte en_its. swtchi opart.k t ' 1

r oel 25 GpHEER apf SRR PR WelriiBall Fr I pegwitching

t opriyertiespdrafaresleetrat ruténalrmaysintasettheywiccuh, ingpart a

f25 s%@ﬁﬁ%&g Tnsttgfpégoe #e oél@cttr{bem%ﬁﬁfrg' ﬁigte\kf)ﬁﬂ ttﬁgteceﬁ{no‘”i‘ be
efroelectric menory —device as proposed by the

pr asglectedivdeni ibs sivstching pronsatics aba hightempesatyre shall be

t enBaLALYL P conpensation in potential |evels
corresponding to the applied voltage differences in

t he, pul se ot.ocols for addressing jin the nenor Thi .

or S¥teptab! fRon PP T Te e HifgPgSq G the switching

detpesd beche dtbasdyn the ecércate rokage efanferavel ytriz memory

deteerm nation thr %3)g an indirect .mst.h%d.. fg gi [ ect iat

t efF¥1%  RIOROTSH Bt PTEFO I VRBHRI 1Y o PuSREPYy A gpPropriate

t engepatatnee cbmpenfatiool potenitinl fevels wodespordinto the applied

ea%'oll%ggedigf%?gncbe\é irﬂot%gtﬁque Srcgtgggfsrf%tr YWdressing in the memory. This
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
described below. The temperature sensor will then sense the working or

environmental temperature of the ferroelectric memory circuit. Ideally the
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board, as will be described below The tenperature

woeensnsem| | then sense the working or 35 envi POTMEROEI000312

10

15

20

25

30

tenperature of the ferroelectrigsnmenory circuit.
I deal ly the WD 2004/ 025658 PCT/ N02003/000312 17
environnental tenperature will not necessarily be
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peed, an r e, HENDr [y
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f obf oiv¢ nEmpoBf ﬂatﬁﬁhlewmﬂdlbw‘p;ﬂmmfarrdabtmnnng|the latder. In the
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VVI bbnﬂensa)teon fof oneedremene potentil ;bavd:ls dnlthe ppdssf pratedols shall be

G PRSI ey 4 D TRER R R

i ndeteamnna’anner eaﬁlestempmatua@ ooR. be mnaamedrcbrectly or it can be

Pr abRIh ﬂe&mﬂu pfe n@f%@ls g{aﬂm ng an

oper at tenperature re atlve ose to the Curie
poi nt t he.fer tr| C ter| addr essed
wﬁ&éw.mafqrqctwbp et OB proRlenh bf MRS (e 85 cperdting
aI &@h B@thft?relﬁlﬁ%l@faélosa\/:té iclk& @grx\eq’odmg of tis ferfbelectric material is
i ned,four potentla evel
rqsae? BRiE s terBb ialont s oS Sisiat Kts Toffffering the
r emﬁﬁhallﬁvytchd@t?bhdgﬁ,lvs ’BRé)préiﬁﬂlmdllfcﬁmbcﬂsn‘shb]ﬂvels Vi, Vo,

used he e
t hé{g, %u ar\?ﬁ ovw Elﬁ' % as cri%%hed{)tﬁ%d %g%éage%lg‘%sc 3hd rgspectlvely
acrdensteach610,c620,55UP8nd GHDI as sown/ fmrmﬁa\m s usetchberem it

ac%ﬁﬁél({)%%}%%ra}b& V\mYé’eré‘r uyté"h%tg t1‘h¥| cl ge#gﬁsipé(%’ve}ﬁcross the
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applied to all the potentials as shown in formulas below.
V4= ®y+ 3/3 * kg(T) * Vg 4
V3 =@y + 2/3 * kg(T) * Vg (5)
V=@ + 1/3 * kg(T) * Vg (6)

V=P + 0/3 * ks(T) * Vg (7)



= (DO + 2/3 * ks(T) * Vs (5) V2 = (Do + 1/3 *
ks(T) * Vs (6) V1 = (Do + 0/3 * ks(T) * Vs (7) WO
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tenperature coefficient is one rgi ch has a |inear
relationship with the tenperatu Figure 6a is an
exarrpl e of such a tenperature coefficient which can
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bePeQUREd Wisbin ﬂleaf%b%%rn&@ﬁwxdi%m%cﬁ -Eretft ﬁlet gmory control
pr RiYie 3ol of @Y&Wﬂa@‘pl@@@r@&sﬂe thé f@iﬁ?@éhbtme mémory device and

ot rtre Sl vt R bk uB B b ey gvice i

of faedtiorwid anall} theambkonp nables afiay be regatezht i al
| evel s. One exarrpl e of using offset voltages is given

' nlfﬁ)g%{}g%@ bl Vﬁfé‘f‘ Qlﬁlg\g)vﬁghbﬂp ghe 5?61?1‘%511 PRk ERS bR "(‘)p@?atlng

arasitlc current. J'o
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adg{ §Pls°§(ifcﬁﬁ§se‘(f’ll)§f ﬁﬁ%o&@clhg%n' OEFsét \Y@ltd%b“ tb bhé‘@? more of the

I nactive bit” Iines

potﬁéwlrégvc\lm OgeggnMatof\nsng @Esg oligees l%glven in the

pﬁlgﬁ%lrl]%d ggfgigﬁ%ﬁél%t@ﬁt Bppl §hté§1g Ngg: YliV;(D ?%@ﬁ!&'f witeye a low
 hREtasis Phivest Loasben b byciing QL ging; eadi sty ¥ Achieved by
CogRANM ARBffseevol@Ee 36 ¢hé tiactivecwbtdiinet i408sand mustive bit lines
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However, the magnitude of & must be selected carefully since the perceived

voltage across cells 420 where 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, on the other hand, adds an offset voltage 6V to one or
two potential levels. In the formulas below, an offset voltage 8V has been
added to V, in order to decrease the perceived voltage across cells 420 where
inactive word lines 400 cross inactive bit lines 410. Such cross-points
constitute the majority of the memory array 300 and help the most in



The present invention, on the other hand, adds an
of fset voltage 6V to one or two potential levels. In

wohaeosfoosassll as bel ow, an of fset voltage 6V has Be®m02003/000312

added to V2 in order to decreasq t he perceived voltage
across cells 420 where 35 inacti¥e word |ines 400
cross inactive bit lines 410. Such cross-points

constit.ute the. mjority,of .t he nory array.300.and
ner gl dtSinRa sr sishl b st BeRpeER ey b S 1Botgh the
r edwednipndenoed inest stdlbe salectdd timefpliyari zati on
direction although the nmagnitude of S nust still be
sel ect eq; cargf uld .= = (Do + 3/3 * Vs (8) V3,3 (Do
+ 2/ 3 *q’\?s (Qg‘} jégvzyéDm /3 * Vs+8 (10) Vi=( S SE
*Vs (11)_In figure 6p the added offset voltage SY.is
shown ef %%tdgmg%{gﬁﬁ@r ease of the adjusted pot(g}lti al
622 above the dash-dotted representation of the

ori gi nalV, p@gehtli/al* $30: Al ternatively, there cdidObe a
si mul t aneous reduction of the 10 potential 630 by an
of f set

: | L gge regul ting in an adj usted potentyial
632, Sin CopaElals QEEZ
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in 540 the LgRBPIHP b fogficen %ﬂ%’&r tst PLetesEeq probadiment, the
ks pTjsetndltape ahdys ehry otithagengratuge E'ﬂﬂiisﬂyﬁ(ﬂ?tiﬁl Guins ugon the
¢ nadi i palr SRR FLtoe 1R TRE6b. dh T BBASL s e, st preferred
t oentheskemient f thg. padentialsi 422,432 ¢anhpénLied fortdmpedatire are not on
th f - VOl \Y/ [ [ the further
adjgﬂ{siéle%%%%?g%ﬁ%g?e? %ggl X%g?tﬂﬁﬁe&? \I:l?gég%r eferred
enbodi s descri bed gbove all be provided with
ci 1R fﬁ‘f@?f Bisiene ﬁ@leli et Pﬁﬁ?an‘éwgl% yRemetpation of a
t efgifpatatiRe SEITERIiehtSkNTFAnd RN oF8ESTSlage BYT 5 aﬁ%wyed. Figure

envi ronnent al, tenperature that woul d be Suitabl e 25
£ oo BORS ilﬁ@u&nes% ogihe tABPRYAtHIG eoqfdicaenty @n ths gdjusted

7apstaitkal 2623088 09641 BPREPOHAR cCIOINORS dh RS 64, Wehild the total

70 hat could fit e.g. insgide t charge p )
me€ ﬁﬁs‘i‘ﬁtngg? offses vodiage it aﬁéﬁﬁ@iylsme% asyhadurther adjusted
I nbotemmidl9©623b688. tenperature coefficient and/ or

of fset voltage(s) to a digital-to-analog converter

( DA% tﬁg%%p{ﬁgﬁreaeém%&i%éﬂw esl iR nggme[yaaﬂrb% provided with

sensor
circuitry according to figures 7a and 7b wherein a temperature sensor is used

for sensing a working of 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
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.
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is customary to connect V1 to t ground, thereby
setting (Do = 0 V. WD 2004/ 0256 PCT/ N0O2003/ 000312
20 Figure 7b shows a digital tenperature conpensation

it bt SRR BpBipl B 22 cout
seaborfivog.iigsiderthe tc;hargfepump iveahamistn340.r inptd Frathathe

_ -di.qi . . r
iepekagd oot 708 s CthCla RUNAIOSfck ShoplBl Oy
pr 80alegdta-digitd (YC) sonvertan 23 gDetm{rome dhe coaeyt addeess in the
Zn dalibfatidid ﬁfé%bltyhﬁ)sﬁgstlliR;V%gngpd;?gé gg%aﬁgclgut%%lgg cbhderter (DAC)
pod Bt Ginirolgh Ahe Seiaof s@mparaprs €03.cBHheELbAgain, charge
t hpugipaunty, 11 ARy cefisT the ddtential V), VDangiVEUikite &, is
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anob pevreds iongvhethemn @y atquats zevoi etmomn this case woul d be
the actual operating tenperature of the nenory nedi um
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sha ake place by, ] [ ect .
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figure 8. Figure 8.sh a sy f d ct ) .
dethie PRerigny gHedams s licuing aﬁ@@%ﬁmga%wﬂ@ﬁmgq eperations. This
f eshalb sl pﬁage ME?nﬂ ey hﬁﬁndf‘f"ﬁ@t ﬁ?ﬁ?&ﬁﬁr@ B?b@d oft#Risuring the
420B. afe use screference, cel | s. ese. r.eference

cet Ve BaadREmeons, pellscas sl e Sxpigjnadovigh reference to
priigided. on a separate reference nenory array. 25 One

of the cells is set to a logic "0" and the other cell

0
i S t | n n o i . | )
B R PO ol for U4 peETRGn SRR Wiiie
c ommat}gmpf@mfﬁa&e&eqtﬁé aeEoge dging. (wommemery ¢ells

red 20 8RB akd ubéPus réftetd e 8. dENSL b fGentd %gillgumay be located
ref er,ence cell. Th type of_ arrangenent has een
ded %&mq{Y@ﬁ@Ypéﬁ@ ok pEaVIdedch A SE PG pafespmoe memory array.

ApDheasttherteNg.is ¥ex &Pa 03 W@'g%ﬂd\lﬂ{éjéﬂhe&céil-i)s-seﬂ‘@a logic "1".
o P o8B o U AB e F Brasg Lo lIRAe veRd duoA level detector

di 6@ centiaubeslyesibtracts 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
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 the readout




the charge densities is affected by the operating
environnent as well, i.e. tenperature, npisture etc.
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charge densities with a predeterm ned val ue and sends
a stop 35 signal to a counter 820. The counter 820
begi ns counting when the readout WO 2004/ 025658
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or sttstes, Y e fied otie ele Ruley Shrd HubSthe type of pulse used
| engttgiven pulstbpaitecolo d]lnsmem@csthma@aijstmemmﬁ thef ptalse length could
40 SRUERE 4B 53035, Sy F20fu prtosol o
| ebersha paay ob ¢hisdoming selqwenick, adg. msljwdntent ioff pruise ghs may be
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ove and measuring the temperature directly wh ile the pulse length

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
by simply carrying out an addressing operation for read operation or



adjustnent is then found by using a | ook-up table.
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voltage referred to V. On bit lines BL1 and BL2 there are shown two
reference memory cells 420A and 420B which may be set to respectively the
35 first and the second polarization state, i.e. in other words represent a logical
0 and a logical 1. The reference cells 420A and 420B are connected with bit

lines BL1 and BL2 and form a part of the memory matrix in the same manner
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voltage Vs referred to zero (or %Ioatlng ground),
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narioets élf gumﬁﬁl:s g:olgglgga ¥ nv r o i 8% g{np&lt‘éa{: ,%E)gfr%rl]ler S9(8)4 both

r eé@ﬂt%‘ﬂ@rs@(bj DOERY Qﬁu%%_l@ﬁﬂg@o?ﬂe@t‘éﬂrtb tﬁe\@ﬁéﬂmh}' @eéntrol logic
simlar nner,. - e reference., ne

15530 P o davisednaddbion ey FomaTisher NSt ety sensor 700
t hor %lsiﬁ hB opetAtie @em 6ra1t1!i11% (Siéﬂ&emeﬁmi ignidelikdwive of course
306. 1% %@% tothe q r determ[,?l a
St QU eeqrmoptid 1) algRdRemOTE 080t to the
cali brat| on nenory 702 whi ch has an out put connect ed
wi Als an ppliseal foagare a signabpnelysen206 whhewascanaestad with output
an h I

Al "tlixé(;?é%géfdeg%%ﬁﬁﬂ?om : ozf A& aﬁﬁ Pbé LUYEE for carrying

contr ol er’s 903, 904 of .course
bePBba soPniveddsticated anglsmis, ynof sy of the gw&tclmz@ spaeid

m@l‘?&%cf’&i’ét&% bﬁt aqdiii Pt Fepard Wdl%zﬁtl&@ ‘?@ﬁi(ﬁis@fcﬁlaracterlstlcs
sensor at | ng erature o

ensing an o
t hef Hsagm %rrydcq IS Suignt 6 ahs s1ETA eRAREET éﬁéﬁatconnected with

Cofiesdleskationt Menforlyitp2at i on nenory 702. 15 As an
optlonal feature a Signal analyser 906 is shown

C&WA{% ngéai‘hgéé 782; %&\%C%:r&ﬁee{h%%gamrr%f&%hlzé values,
sophssabl;ca]lseca hishdysveston tﬁmr thel sanod rttfneruagvlto @ldidnepsing and
eef%re J{iﬁ% ATt Ghd Qac‘rrhézf%uteea‘hle?l aifd éﬁ‘?lf ﬁﬁﬁ%gvéﬁf derive

arlza n‘response characteri s
cebblsrectlfhe valngsutorofithdrepudse imgthnmry@else gu@Tyals or pulse

?ﬂﬁ)‘}ftﬁﬂeé’\" sl Vgﬁle%%l§j§‘|1 Bl B Oﬂﬁél?@ 1hghf%ontfler 903 or the

atron now st t he Treasur e
rePE]fS@rﬂmPhﬁldﬁeéontTQB@%f’Q‘ﬂ ¢s as the gase. Jihergulsedensthywil be

t NEJRARE] b§'sBhdd AFhoudt 3K, %%ﬁlé‘ﬂl faﬁﬁﬁitﬁ%h Rl similarly be
6 Shal

operations”carril out “earljer nor eover
deadjusted by an amount +3V. It shall be understood that e.g. a pulse generator

shall input pulses with determined amplitude and/or length as determined the
driver 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
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
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anplitude controller 904 as is Qe case. The pul se
length will be adjusted by so anount 8t, while the
pul se anplitudes will simlarly be adjusted by an

qeRitE B fest e MiRTap 8F EPEDoRRH, Wil Mt s SHORE in fig. 5,

amwlhllwﬂlm ealibratiohengmiorp§ 03ewdl be wedmbe taeitherand of
%flﬁbllﬂ{g ngx?cﬁloqp thlg '?1[11&)‘1)165 8@%@&% f({rﬁr(ﬂq{1+1ﬁ 563! Fo@An

anpdvantdgecmslyrhﬂth evilbfurne cgmponenhpprts @(f a pitkse gangrater which

It I
aﬁgjéls%?st g ?’[&E§@fe%ﬁp §5n il)s?é' egg Ef(} 3 co%?%@t{(ﬁ{’ values as
st derged andhe tcahbreetwrumm@m?oz hkhe pilsg lengtibean appmprlately be

adbé’tﬁlﬁﬁéﬁl&é{lg k&%‘iﬁlﬂ%%ﬁtl%mé hBoa ﬁf‘ﬂleoa'tilt Sﬁfh'll%"?ﬂQe amplitude

can or mred he co units 90 04
ar 60Bel sen bg aphieradbhy zeeans qf q@ﬁgp PUMRGSEdo adjust the voltage

Un%ﬂﬁlﬁz"@oﬁﬁ‘é‘f Vﬁlﬁl‘é FRIVLAED to 0V} ikitHe cHsi L iin I%@actlce the
denti cal or 2004/ 02565 /I\IOéOOB/ oo&ﬁ}z 24 no

or chazge By ﬁﬁmr«apnthﬁr@ H@I@B}ﬁ% EheiTcpds, i-c. the x-
S hﬁ?ﬁ/ef 001 & th y dYWek @0‘2*1&1@6@'d0§i‘%ﬁ$1'dﬁ1h€ﬁifwaf odrol unit 320,

wi || %ng_onto ither kind of controllin

opé‘f}ﬁﬁhéﬁ ecrae; SYRRIY; el tageal ce REOTR G SRATORRIALS SOpEse.

904 advantageously both will form conponent parts of

a (ldnsermiagerthtocompionkns padf wstthe anqzmbs;e deténtgtihg Qitlgey shall

P i R %%?nﬂﬁéht& o5 ?be%?%r Rk by §fhrlt8d that

I on
ap phaip finctady ibe msmormdeapm of ﬂgs &lmd rﬁlH Q:@hvms tggersons

Qiéﬁhéd“uf ﬁ"ttandvﬁk!ﬂcg %#'dsrﬁ)tad'g)él'abk&gﬁed% 39' Fﬁfa , it should

| eve means o ar e@FUHDS set to a
voﬂ)ﬁa‘g?éed\th%ﬂﬁrt adjustimenbpt the v @gmpﬁlaerigot@colsi&p&@dpm on to

L NRLERSEs in ‘fHenthﬁﬁSl' c"e*Pl f&ﬁoﬂ&a sl QSrVF?:Uﬂ@SF’refd‘ﬁBEtdelﬁlrb voltages

here 1S 1 npl enent ed” by 1':;lver circujits, i. t he
x- (e W%SIQB?LV@H&%%%?H‘H@F% ygaz %@@Eﬁlv@oﬁ‘ﬁ‘m}lm%ﬁ O ppéeak

dr :c}iﬁrenﬁselﬁ{ ﬂ]@ ctd3bipoigPmatMR) €nbh-ddRNeddRd l‘ﬁléﬁﬂiry cell during an
Vo e Vee from an.a ri.ate sour ernin

ot ﬁéagf‘ééﬂ’p&)ﬂ@?ﬁa tom. 4t Elgqlﬁﬁr?é%g i Shateamn . Prgcgﬂws will
shgbtve 1 dbeiatd thd effecOsPboNEsiduR afncblmﬁrlnt'lwm&ﬁbh al tnemory cell

< AR Rt S BT 4 o i

skicberdve fidlice @l ensnhghfroneam esteasd ibthecteapsratiad.
further. Finall y, it should be noted that an

adJAi%lg&%{e i vgﬁﬁugf geéf%&%d%ﬁ&mﬁa{te 99&%@@1@ m@@a&laeave in

S 1n response Serve

r epatecuias refess (o f@rag@b 1igs, dt ig ﬁoa]h% vadersiopd saptsthe Present
gengiaiissh %tﬁtlg mt?t%ﬁafé‘ édﬁ/ Be ??HE& 18 %n?relé@t?é‘tkm%@erlal exhibiting

currents |n he cross- o_non- addre

me fogeneEel 1m>&qni wglaawa Qqeé%i %ELW&PF‘?}H tpélﬁeamon

al $esithse R geh 3 s§st@aAlc ﬁ{sﬁfcﬁﬂaﬁﬁﬁg%b loperation of the memory
device, irrespective whether this is caused by environmental factors or the

actual addressing history.



10

15

20

25

30

35

serve to obviate the effect of both fatigue and
inprint to which a nenory cell rmay be nuch nore prone

waom/asggher switching speed or reduction in tRET/NO2003/000312

coercive field, e.g. ensuing fr an increase in the
tenperature. 25 Although the various preferred
enbodlnents di scussed herei nabove in particul ar
éfﬁﬁéég ferroelectrics, it is to be understood that
nt invention nutatis nutandis can be applled

t o any el ectret t I bi t I

ol ar | 2AmehasbaneRRIRIRES WP Grtier mBRy device,

I exRensA I;cﬁ@ @ﬂctﬁ%%ry defdoet cﬁjﬂf)h§e§ Aoy cbllsi ingthehfdrm of a
ice,.irre i ,

ehGrTRalogcsor olechiss Shisy e A FORARl R e Lo iging gteresis,

achmcuddilly asﬁtmlébtﬁb%ﬂele&&Qﬁ@l@&m% film, and a first and a

p%é%%?% 088 AL Rkt TE IS B slopigades of the

whilfgtiset h‘ff previdey idevbstntialiyrirtlesgormtoelatoriship tothe electrodes
rmof .a

bt G SRRt o FEreIB A 1o R, B i gyl afa seeBhd set are
]Paplstdvﬁdéddilnh yi]}mct er indirecit crontamrwﬂhethe rthln rﬁﬂhynmrtemail of the

i an S
0 al?agnhoerly C I&t“f &8@7 d \,R?Oel?ilgﬁﬁ{;ﬁ sf‘a%%: iffin 1.0 o ﬁglfllnt\éﬁmry cells can be
f i Tesid, sefreshres, mr@sxadllederrttfsub$ tapplylaglappasopmtyomlltages to the
rej n%bﬁﬂt?ﬂ ePe ci A d{gg@g{e Tve g s]a?ci fltr?teargd? §9&ﬂl<§§ét of electrodes,

where _ Irst _and second s
arwhemmvthd eueﬁhmddurm}@lcmecms prv@iliagetpud sp pretocel t:ﬁrrmaitsmg a read

RS @cl@?eéﬂ%ﬁtﬂr@%ﬁ@fﬂnﬁ%é enl’é@@bf R¥ltage pulses of

po arlzgg:on S nmenor can be
r epredefisfedeamnplitudasanstileagth, iwheging raﬁé Wﬂ@gcomprlses applying

apRIsePhf @BFaﬁQ' Sgﬂﬁénéé’s fd“@lectrﬁﬁbé! b@ll‘éép&!tﬁﬂé'lj? QgRBfifdt and second

respectlve sal rst an e set el ectro

whedleeleREodes maawéaf@rﬁéﬁtr@aé %Iﬁf%é B MSBOpY sgﬁ%o‘fvherem the

CORtbALRGsR c&@?éjof ﬁ{BjVMtag@f)ﬁﬁfeflﬁ@fb@dlCdcﬁnprlses applymg another
respec |ver time se ences f vo

o et e HERIEPC BRI CIRSGRER U HSSDSR LY Riidl fdsiind second
cysdteoElepirodes 11@@§éél 8 are Wﬁtteﬁfreﬁ@lshe@% dafd ﬂfeﬁmz@&;ells said

to eIe des res ectlve irst .a .
sefci§o e‘fcg &0 gerpﬂ 8%%/031(@?% to &R{‘e ﬁnPa pﬁgoten’ual
Wellﬁtizre)l!s @@élli thatvhe r;ﬁ}edltlsﬁi‘ﬂ@d set of poteatinbidvaly bhe aoﬂeetsln ¢hree
VO ul.se pro conpris ppl n set
Psugtbe s Pt Nileo ol iR R BRI e
sas’d:pﬁlfbst and second 20 set of el ectrodes in case

08 2 aBleFohid S5esl oFE Rathuh AP MACHRUBIOF £ohdiipe APk themory cell

er eAces correspondr ng
pr ea:@fomﬂedio {1 apphpdtvalltalgaldlffeemeé, such that the

br Sg é}ﬁﬂnﬁ%aneaQPBﬁgtcb?ﬂec'tlgﬁeﬂaétd?%r %e LRRS ke PSS as given
lyethe ooltagd p;;lsgpe(pf@cﬂbr)n the basis of sald at least one parameter

mdlcatlve 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
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
factor, whereby one or more pulse amplitudes, one or more pulse lengths, and
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25 a) determning at |east one paraneter indicative of

a change in a nenory cell response to the applied
woabdagssssli f f erences; b) determ ning at | east 8A®/N02003/000312

correction factor for the voltaﬁg pul ses as given by

t he vol tage pul se protocol on t basi s of said at

| east one paraneter indicative of the change in a

nme ) ..
o PR Ssifbe SESRIAREAR ADSARRL St LLAER Iy in combinatin
volnt ageorgahee witlhvasletected chenge inike ofemory célbrésponsg.

pul se protocol paraneters, viz. pulse anplitudes,

pupse | Anﬂfeﬂ%@ﬁgc?ﬂ@ﬁhhg@? iy ]g,al f; | andt d) adj ;Jst i _ng

one, or nore para r values o as e of . sai .
serbaegtprizgs by, Adisting Bty e he eecs af o Bplsd aplitude

Wi bfid/RritHe pluldechdlotl 0€ acwviteleinigoroltdgecpulse inttke ebitagoeulse

or %g Eu se anplitudes, one or nore pul se |engths,
anBTABF9004/ 025658 PCT/ NO2003/ 000312 26 one or nore

pul se intervals are adjusted either separately or in
codbi nath methodhageerdhingite elaim h, a det ected change in

t hghﬁi%%%ﬁ%&ﬁ)ﬂl dé%?ﬁﬁgﬁ%sazlgjﬁlgﬁtm nﬁ&ﬁﬁ[é%f‘&di@ative of a

claim 1, characterize usting in any case the . . .
valesponse chRBgp il Stepampby datramiBing af lsast pae paramgeter indicative of

| ea%kxm&ﬁng spBbd OFisAf ¥ak6 A8t rRetndry, b8 B4PHEREMIning said at
pqusag protocol. 3. A net hodbs cor, di 1r_hg‘l_t.o cl’ai m 11l

chlgast papiCosEECHPHRACEITHInNT AR b) Aypdeterminiag 3 switching
pagpeRt-depéidbint &drvétidh factéresponse change in step a)

by determ ning at | east one paraneter indicative of

10,42 SWal 61N 3BEGHA;L 15 R1dln 8T 7ol ectric nerory, - and
y determning sard at-l'east oné correction factor in

st ehatartdyzaskby deterimiging saidiatHeas) onspearampspeiglingtive of the

co : : rs :
cher T shaL O stcf ) by Riea g Gl A DG Pitching speed of
pabaidefesrodleetricamieg®Iyf t he 15 switching speed in step

a) by neasuring an instantaneous sw tching speed of

sabd f el ardtleed atconmkn®ty cldim A net hod according to

clajm4, characterized by.ngeasyri.ng said,sw tchin o1
< pEhiPlerial B A ERmey TBRHGRE sRHT b7 YBRENsR theswitohing
r efpechof omemwmyoretdferen?@ emdryreelsd according to

claim4, characterized by neasuring said swtching

spged by ﬁ{@hd&iaegofﬂﬂﬂ%ité‘%laiﬁ{jﬂ[ essing operations

i nc/ uding.a sw tching, of nmory . cells in.the . )
characterized by measuring said switching speed by analysing ongoing
addressing operations including a switching of memory cells in the

ferroelectric memory device.

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 ferroelectric memory device, applying at least one switching
speed-dependent correction factor to the voltage pulse protocol implementing
the applied 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).
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step a) by continuously m)nltor%,?g the sw tching speed
of the ferroelectric nmenory d appl yi ng at | east
one swi tching speed-dependent correcti on factor to

vol to enenting the applied
vo t age hﬂ#?ﬂﬁ%tﬁ%%gdﬁgﬁﬁ)%aﬁgpthe vol t age pul se
prdim‘aoterlzedrtgahdﬁustmgmil pmramethanghmsmft dtdenstspunebthe pulse
[ fferences and applying said
%ﬂ?c%%&héﬁ%?é% qﬁ?%g pul se protocol for adjusting
at | east f th ara ter values of the pul se
pr &t ocoft @sﬂwﬁ erardinig i 1) 3, WD 2004/ 025658

Pq}id‘ﬂ@@ﬁé@ﬁde@%&@teiﬁnnﬁ}g a(-\sW@ﬁchmg speat-dependentadoarevtion factor

char terl ze adjusting all paraneter val ues of
ath %tﬁgt o]i%a&f’ Ct"ﬁét P01 se protocol paraneters in step

d). 9. A nethod according to claim3, 5 characterized
byl@et eAnineitryd acendinginglagmedd- dependent correction

fagh Qe ctér%eﬁ@?d@er@ﬁnﬁﬁ@%%cﬁﬁ Bp é&ggﬁeﬁ@éﬁ’[%rrectlon factor

racter] z y ermning a

accor
swint &Wpdg ypaasadiagaieinokspriable.on factor in step
b) by a reading of a | ook-up table. 10 11. A nethod

actor di IAerieduﬁd at¢ording hackdtedj zed by deternining a

fir ecqngd _swi t chj

cor bRy BRtrib D Bt RETY REBRRSH ching gpggd-dependent
t ocotractioil factoariactey byed by determining said at |east

one paraneter indicative of a 15 response change in

step a) Al ple REAKAIRY 1618t/mM NI ng at | east one
parameter’. indicative of a .tenperature of said

devharactegingdoly é@teéfrﬁnm&]@aléaﬁ cashionedipmser indicative of a
Cofés%%fn's@ %hﬁﬁgé o step Sf BRI phicedsy déférﬁilﬂﬁlgaét le@ﬁtsd}ne parameter
one n@ tuare- degend%%: gi)rrectl on f.actor ¢ d
o THHRAAES O i RGOS OS5 THsgoHa %V&P&?%BY&? étmining sai
dehﬂdﬂsﬂ bhe c%ﬁﬂe@‘u@h ﬂa@ﬁc&tmqnep pab3nddtermimdipcatleast cfe

era ntSt&% gl %Pfenm ng an operating

Eﬁ%’@ ea‘ cPTeCHaR Ic menory device

d| rectly. 14 A met hod accor di ng to claim12,
chaBact é& meshodpcerndingioickinnlZenper at ur e- dependent

COBh &Gtz P6Y Aetdrthining said at least one parameter indicative of the
temperature in step a) by sensing an operating temperature of said
ferroelectric memory device directly.

14. A method according to claim 12,
characterized by determining a temperature-dependent correction factor in

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,
characterized by determining a first and a second temperature-dependent
correction factor in step b).
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25 step b) by a calculation. 15. A method according to
claim 12, characterized by determning a

woenpasissir e- dependent correction factor in  sSPEP/NORE3N000312

a reading of a |ook-up table. A nmet hod accordi ng
to claim12, 30 characterized determining a first
and a second tenperature-dependent correction factor

[ tep, h). 20 565 /N02003/ 000312 28 17. A
ng]tiod %J%%ﬁh\é’\lgnagcc%é%l at?)rrgfg,gﬁc aracterized by
?eﬂmnrmm'rizgdtbtyedétbrminingrthe fasttempesatugedepanstens cormgetion

S t fLail ' . .
B PR A SR A ST pplc
v dlonadjusting all qmsametas fluehef ptileast pnetoddbe pylse protocol

gggaqgﬁl%rég i'hrhtééegg d). 18. A nethod according to claim

acteri by deternining the second
t enper a ure-d%géendent correctiQ factor as an offset

volt-age, ragthod 3GcoEding,ia SlgiMydng applied for
adjlsghdtegizetl by éateimariagahplsetoné terapurmatore-dopemdéricorrection

level in step.d). 10 19. . t hod.accqrdi Ll Myas. . s
 S8lop it P yobfed il i AR Hethe Bpbet A Miusting
stlepstdyndymiplitadle pehfeoonponsial levatinad¢pd).ment in
accordance with the first tenperature-dependent

Cofg.eCtA‘}ﬂeﬂﬁ)Qfé’cfcoﬁ‘Hglagtﬁﬁél%_i’tﬁtﬁf, perform ng a second
n

adj ustment 1.n accor, ce wwth the second . .
t ethrapetctized fopadiveting aarpmetstormlpesibstepyd) by first performing a

g'cfggs{t d@tg% %ée’cﬁiva\ﬁtt Eﬁ:aﬁgéfsﬂa@ﬂ:egwi‘ﬂtl rBé fﬁﬁt't t@ﬁﬁ%ﬁtuﬂeédeli endent

ecqn er at ur e- enden .
cofqrEReti faciet apg fopieatisa pspfogﬁeeg @n%ecgaﬁf?éﬁ%ﬁwentﬁn
aC@&fo‘i‘?@ﬁ& ?Viilit%He%gghﬂ&Enip%lgﬁat@Id@pEgd@ﬂedmﬂl tion factor, or
correcti.on factor..20. od acgcordi ng .t 1
AL RSt T A SHARY Hhapoanng FaHb{ second
Lnﬁéhq%rbuﬁeﬂdemnaenf esfreotien ¢hatog d‘ollng&tdelpy a)sebynd adjustment in

eterm.ni ng _a east .qQne paraneter indi.cative. of

¢ chcoran i e R RGBT U e O Rl it fackbF
switching speed of nenory cells in the device and
apVyi nd mephaeecardingtp e@itel.ati on between the

mﬁ%&fﬁ%r%df‘g‘ii%r 278 1848 AR phniRsPRIGatatiee 6f a
the nenory teri al Wg&)}ége cel.ls for, determ nin

| afesppnseshange m pep elsrainige 2 lepst %ezﬁ?rargettep indicative of
chajeachfidratfte R SARAMEThOE) 8&¥ide DY inehsiring Rasvitéling speed of
measuri ng qige. SW t h|.neg 3pee .of “one dor nar e .

r SN n:grt?fe viige 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.

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
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 in the form of a ferroelectric or electret thin-film
polarizable material exhibiting hysteresis, particularly a ferroelectric or
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swi tching of nenory cells in thg ferroelectric nenory
device. 23. A ferroelectric or Pectret menory devi ce,
wherein the nenory device conprises nenory cells in

t he of 0 ctret fel
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st &especH viehd paiddliest anémcynéép F §§?¥E§leﬁgﬁ’ erein the method
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