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*159159* Ferroel ectric menory device and readout

met hod for such a device Field of the invention The
present invention relates to a ferroelectrlq nmenory
device, and to a nethod for readi ng-out data stored

by such a nenory devi ces. Background of thelwmmmmmmmmmmn
Ferroel ectric random access mgnory (FeRAM i

to be utilized for certain products which nake.l4§e.of
its non-volatility. Since it does not require any

HeRBbld i Mok QTN LN Lhe store fdata, it
SU

= readout method for,such.a devices
or IC cards. The principle of storing and retrieving

at is as follows. A single nmenory cell consists
E@@Qialgnmﬁllﬁlﬂﬂ)f a ferroelectric material and a pair
of el ectrodes which are deposited respectively on the
top and bottomsurfaces of the ferroelectric thin
The mresgrdrineentient relates &v alfe@beleBRR b r UBGick! Snfcij t&a%method
) & ap |ie%bet %n the top and bottom el ectrodes
fﬂi’i"é)ﬁ 'Pg'qli‘\t&ﬁ StOredh by 9k @emempsy Hevicesof t he
ferroelectric thin film (Ec) gi .]Ee. E >I égtrElcz:tHf
olarization in the ferroe
spontraneoustp inventien applied electric field. Suppose
this state to be "1 ". Conversely, when a negative
field (-E) stronger than -Ec is a!oplledi (I'e"EE]t;e
ieeraom anee [ ! "
E?d;?liesﬁgbdir rection, aﬁlrgﬁﬁiloz& o(gggéb‘w)e?% osg%ﬁg&ndﬁor B¢ \itjzed for
%%Qi%@@&twwmc%ml@ use dBuispucrevolatilitys Siice ttQidé%bnot require

) eleCHEpAEt R 456" Sioréd Bk 5 wtatiadoise in passive
qEVOTESS SUCS asdCaaph Yor 3C taedd. ITH 5rjir?é|j|@e7d¥ s&&iﬁéﬁ‘@z&g%g@g data
el ectrodes. Suppose that the infor ation: L _

I8 A% M%Mwe@m memway callheomsistst of @ ﬂmaelfrlkn;1 &f :ca_SfeTraoelectrlc
AaRiaPenBel WaRoft BRELESS WSS 404 dtegga o Iréspgec(:tjivellyeon the top

and bottom surfaces of the ferroelectric thin film. When a certain level of

positive electric field (E) is applied between the top and bottom electrodes
which is higher than the coercive field of the ferroelectric thin film (Ec) (i.e. E >
Ec), the spontaneous polarization in the ferroelectric thin film aligns with the
applied electric field. Suppose this state to be “1”. Conversely, when a negative
field (-E) stronger than -Ec is applied (i.e. |[E| > |Ec|), the spontaneous
polarization aligns with the negative direction, which is opposite to the direction
associated with state “1”. Suppose this state to be “0Q”. Thus a single cell can
memorize one data bit, namely, state “1” and “0”.

A conventional readout process is to apply a negative field —E to between the
electrodes. Suppose that the information “1” is stored in the memory cell. When
the negative field -E is applied between the electrodes of the cell, the field
reverses the spontaneous polarization. At this time, an electric displacement
current caused by the polarization reversal can be observed on the lead
attached to the surface electrodes. Now, suppose that information “0” had been
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30 reverses the spontaneous polarization. At this
time, an electric displacenent current caused by the
pol ari zati on reversal can be observed on the | ead
attached to the surface el ectrodes. Now, suppose that
information "0" had been *000002* 2 stored in the
menory cell. In that case, when the negative field -E
mgg applied between the electrodes on the cell, the

¢ &hm?qmwmejbdm (bhratvmasledwlimh thba\egdwlérﬁdkg\lﬁrvﬁ@éjapphed

u arlzatlonarea
g)ééw] dftl‘t\% eq?%ﬁjqq% §ﬁ (?,1 | SpontaRacys (ﬂoéarlmon would not
bbee been rdvensledctﬂ/fmfetflélu r—EeBécQﬁé' fF'\eWEH?atRﬁmeé‘lreaqy Rainted to

g] erved |a case of state "0". I N sunmar
eeE?Q?té"e irechiof: ethatefoser n@rﬁlectan dmsplacmeemedurrent csuld have

Bééﬁ' 8Bs&delingl Eghge SO'sfle L) oﬁ'ﬁm%' ﬁﬂe\é\@%g;% dgt%n electric

this way it is etermned
dl§pla0|emem ourrélt' .cahO benfabysernst eltyis td&in%ld@régeﬁ%‘g tthe stored
ﬁ‘i?efrém“tes i,,lnforn'ﬁtlon "0" on all the cells

HODWAR Al eRdindhis way itrisideterenined iwhathenthe stered data is
megyrg’.to store the sane information after the
retrieval process, state "1" has to be rewitten to

all those «cells which were previously storing state
this process is

t d
gé];?sr%d&% egiﬁ h%'és \épc{ff?%F QYEfViies e;ﬂgd@f@gmaygn FPeguealt the cells which
Inamebeén q8agf Tnerea'brezaf itq8 dedneo’ 'rt@ﬁ Sifory fo store the same

gg_erloratlon of ferroelectric
ip matloafaftqwéhgeretrteiver pracess, state l"énhmmto belrawrriztahi torall those

fter.a n er..of polarization
CBls PRI rers B\ Rlsl sl [, 7L He b erorts. this readout

precess Bscdrsiddred taslddestnidtivd prdbdss. i s one of the major
20 reasons why FeRAM cannot currently repl ace ot her

conventional mermory devices, such as SRAM DRAM or

FreaGEn NAVi [ robl,.ens, W t
conven E["?ﬂ'%’# oggs egﬂg‘%t de{?\)’ggs%? gﬂg % @?‘i%‘?gatﬁ’” of the
fﬁe'eelerctrrc mumfmmsa resultiofetharibteRaaash, thetrBRthapt p5RAMion Pr
B/& H} ' equires no destructive readout rocesg

omes sma ler after a number of polarization reversals This phenomenon
limits the number of rewrites to about 10* cycles. This is one of the major
reasons why FeRAM cannot currently replace other conventional memory

devices, such as SRAM, DRAM or Flash memory.
In view of the foregoing problems with conventional processes and devices,
there exists a need for a novel structure and readout method of FeRAM which

requires no destructive readout process.

Summary of the Invention

In general terms, the present invention aims to provide a new and useful

ferroelectric memory device, and new methods of retrieving data stored in a
ferroelectric memory device.
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Sunmary of the Invention In general terns, the present
invention ains to provide a new and useful 30
ferroelectric nmenory device, and new methods of

retrieving data stored in a ferroelectric menory

device. 3 In general terns, the present invention

proposes that a ferroelectric apacitor of an FeRAM

menory device is arranged in proximty to a heating
degeperal Verens, theprerend inventied praposes thet adetreslectric capacitor of

%@Qtﬁ%ﬁ‘ ‘é’ge‘fe%’é r%efsré'géﬁg%q E'gsmr;fﬂmtié 1 dmgg%%g Hevice. When

¢ r ehec
ft*w«daltwcstoned ﬁmﬁlgﬁ@;eggglgggﬁsmé?%&gtogg at‘ral F@ r\%ﬁé\\hed the heating

ﬁﬁ@ﬁ%%%}gttgpefqﬁ@edmtae,qg@lapmr sthisedué tohéhe pyroelectnc effect,

CASRENSE 1 B L Bheiod eI 2R oac g ey which i
Mdicgtivetod thiapalasizatien stdte of tHEE okl Sctid CQE‘% | @St ?% measurement

pEIiS BRI bpMo. 489 siced abiaibe daieTnioaticThus, the data stored
P4 ﬁ’férﬁ@rty't cﬁég @g&%ﬁ@&@@ﬁ%dﬁ %lvgé%rbﬂ}qq Ll'li 'np%]ypggflgaﬁons this

usage of M menory device
ma[kgﬁdt posgible; tcEreduue thie hbmbeeof qmlar&aftlbhsrfevé%‘dré’ffnatlcally

i PYgF 6 sle 7 thEPEAE Rarhnrgayomeand his helps to extend

tt@rtﬁiemmew thét‘uévl,c) .an el ement of ferroelectric
mat eri al ,gf(i i) a p?ai r of el ectrodes sandw ching the

el enment of ferroelectric mat eri al , and (iii) a heater

i cati on neans
R T nePor eIl s 2 4R BlipeMiary Baviopavinm
heat ea priraiity of m@ﬁdr}/fmﬁuéﬁéﬁ‘me rb%llgé ?ﬁérﬁélr‘fﬁ‘l Iy

coupled to the top and bottom el eftro
meas ) %{gekemerﬁ&féerrwe@trmtm@teaabct rical voltage

neat e ot IBeirped SEhARkhInG R amios t feriaateotric material

ns may, for exanple, be a capaci tor electrically
coupl (ﬁﬁl a heater element for generating heat;

voltage application means for applying an electrical voltage across the
heater element, and

measurement means electrically coupled to the top and bottom
electrodes for measuring the polarity of the electrical voltage generated by the
ferroelectric material due to heating by the heater element.

The measurement means may, for example, be a capacitor electrically coupled
via the electrodes to the ferroelectric material, and a voltmeter for measuring

voltage developed across the capacitor. Alternatively, the voltmeter may be
replaced by a comparator.

A second aspect of the invention is a method of retrieving data from an FeRAM

memory device having a plurality of memory cells, each memory cell
comprising:
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via the electrodes to the ferroelectric material, and
a voltnmeter for neasuring voltage devel oped across
the capacitor. Alternatively, the voltnmeter may be
repl aced by a conparator. 30 A second aspect of the
invention is a method of retrieving data froman FeRAM
menory device having a pluraligy of nenory cells, each
menory cell conprising: 4 (i) an elenent of
f er r o) aptalementiotiermieledtiic )natenedj r of el ect r odes

and

sandwi:shi ng:.t I nt of, ferroelectric material,

(iii) (@%gg{’é’?eeé‘?ecéfe? saawiching dhe glpment; of fegoelastric material,
aatdhod conprising: (a) applying an electrical voltage
across,..the heater element of one of the nenory cells,

(b) isq heaterelemept torigeperatingtteat] ectri cal vol t age

m%&p?%ﬁég'ﬁgrf erroelectric material due to

heati ng o roelectric nmaterial by the heater

10 el em)mpplyiag@n(abcwi@bevmaqen@crb%tr@hééﬂe? %iérﬂagtsé%r?e of the

of the fﬁrroel ectric material using the neasure
BEMeYiGPlISar i ef description of the drawi ngs 15

Pr ef - i tion, wi|l b
descr eq capalinG thecbolahf, of | 4BRu¥al voBAds Senarated by the
festoplenitie matetinkdbie|tb dvéating Fofotheeeriorledtic *ﬂhatéhall- W gifmé heater

hematic, cross-sectional view of a nenory ce
%eﬁ%{g'r?/’ evice 20 which is an enbodi ment of the
| nven(o) WstermhiBingZtHes pR [ f? iy b{‘?' !
whi ch((dlere scher_ragtzi c bi %&EQ{E@S’F e 6@ r 9@’)&"?&%? WS? rial using
theimeasiedmalardy. with a first set of readout
circuitry, and illustrate the readout process in this
case that the nenory cell is in a first

Brief description of the drawings

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following Figures in which:

Fig. 1 is a schematic, cross-sectional view of a memory cell of a memory device
which is an embodiment of the invention;

Fig. 2 is composed of Figs. 2(a) and 2(b) which are schematic views of the
memory cell of Fig. 1 in combination with a first set of readout circuitry, and
llustrate the readout process in this case that the memory cell is in a first
polarity state;

Fig. 3 is composed of Figs. 3(a) and 3(b) which are schematic views of the
memory cell of Fig. 1 in combination with the first set of readout circuitry, and

illustrate the readout process in this case that the memory cell is in a second
polarity state;
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olarity state; Fig. 3 is conposed of Figs. 3(a)

gngS(b) \M);i ch are schematic views of the nenory cell
of Fig. 1 in combination with the first set of readout
circuitry, and illustrate the readout process in this
case that the nenory cell is in a second 30 polarity
state; 5 Figure 4 is a perspegtive view of the .

nstruction of a matrix of the memory cells of Fig.
Tioeed 15 & Bespeptivmian dfithe. combtctor 0B (D mathk & tAE Smemory
ehSBRE|f views of the 5 nenory cell of Fig. 1in

n% nati oh with a second set of readout circuitry,

and illustrate an alternative readout process; and
Fi.g..6 is a schematic view of the menory cell Of.FI g.
f '&'n5 domormRasesnofFigs. H(a) anddS®etwhith raradsaiematic views of the

i ' Al . I ption of Preferred o
e 208 37 ST yRb o Boonc $6T.67 readout circuity, and
dlustretesan alternative ireadaust prbewss; @hda menory cel | of an
FeRAM devi ce which is an enbodi nent of the invention.

The menory cells conprise a ferroelectric Hgyer %, .

LS PRABTtR vi respecti ve, surfaces .
g}@?sejliisggf%r r oeIté:c\t”ré}’v(a:‘&lt g‘%gﬁ%{ﬁ&x ﬁ?i'a?fgf'g!- Ay iy CQ’,“"HW&'OT‘ with a
thir! estef readms dirculiry. at t ached to respective surfaces
of the heater layer 4. An electrically insulting (but

heat conducting) layer 9 is |ocated between Ithe
Dotllot s HipHOH of e el eR BRI on(E e raple
erial to form
§is8TINgdirstyrtoRigy1i alorosstasotional viewt is sPéWn@‘f:@#M@lmcﬁ‘ggell of an
: this 20 ]ayer alternatively
FORAN SRYER) dnich' ko bl GmBReiniii cef e Miveninalhestnemory cells
eompid .a Téreodlestrier Iayay el o Bl dEQ'ﬁ’o?egqé’c{q%ag]‘ @ respective
alloy. More generally, it is pre erred hfa
ﬂ.gqueé,s 9f8Ald Terkoeleatsicdement, a heaten lager Badhdawa HeLWE@es 5,6
Ce T o 0. (gn<}?v<10,US2m.25. _
&tehl 0 FaspeBtild' SurARES of the Y2 ayer 4. An electrically insulting
(but heat conducting) layer 9 is located between the electrode 3 and the
electrode 5. One suitable material to form the ferroelectric layer 1 is a
copolymer of vinylidenefluoride and trifluoroethylene (P(VDF/TrFE)), but this
layer may alternatively be formed from a different ferroelectric material, such as
PZT. The heater layer 4 may be composed of NiCr alloy. More generally, it is
preferred that the heater layer is composed of a material having a volume
resistivity in the range 0.1 41Qm < Rv < 10 L1Qm .

Fig. 2 shows how data can be readout of such a device and a first set of
components which may be used for this. Note that the memory device further
includes components (not shown, but of conventional design) for controlling the
voltages of the electrodes 2, 3 when data is to be written to the cell, and may
optionally include also the circuitry for performing the conventional read-out
process described above.
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Fig. 2 shows how data can be readout of such a device
and a first set of conponents which may be used for
this. Note that the menory device further includes
conponents (not shown, but of conventional design) for
controlling the voltages of the electrodes 2, 3 when
data is to be witten to the gell, and may 30

tjionally include also the circuitry for performng
m‘n@omefﬂadoﬂtaﬂ piasgds otite electrodes3 tesonnésted aBwth Pnote that

Sl Breffior %8 Usfihy T8 “Bhtan (ot shcwebichole slesed when the
psesxnt yead-aud prodese s (pefforhBa VBt Pﬁ‘éy?tgar !I)Té%ﬁ 'agﬁﬁ‘f%{a e(g% e.g. to

nt read-out process IS pe
t@B@‘N tﬁ%e &Héqdet Briesbe @?@. nerszewl potentinbwbkeaadatads waitich to the

x tent n data is tten to the
9E0E) T Preeetog 2 i€ Bohfeolit o Rmpiheliol & seneing capacitor 7.
fTbereithen teomiral of tisé BgpaeirF isrodnded A %Ihﬁ%tetr%r 10 finged to
q t capacitor 7 i.s grounded. A voltneter I's
a%?egﬂg@dv %geo%qrgﬁ thee@RAsIPRGe across the capacit or
7. Suppose that, as shown in Fig. 2(a), the
ferroelectric layer 1 is initially polarized 10 so

BHEPoserthatl a shown din Fid. (aRithe ServoatBsific M inﬁt%‘ﬂg polarized
ggtnﬁ{al't .vve.ca}n assume that this corresponds t1
&% Wi leckicyidagle, PRIBISHRWar. Without {ass gengrality we can
asdume THa this R spbnid to E‘fblrigp'tﬁé”d@fél ﬁﬁé@ﬁﬁoﬁh 6har gec memory
ticles fromthe surroundPngs (€.g. €s
%ﬁ a%ﬁgeﬁtp(ﬁarobrthenpqllaazaﬁnn Iattracﬁg @hgr%éb?t%eﬁrtlglé§glﬁgm the
: trodes 2 and .3 jnduced by the dip

%ﬁ%@{ﬁ%?ﬁ@uﬁaﬁ'ﬁ?lrﬁgd{n the ambigpt, ailrsobﬁgsqjgtl@m deyen)cand the
suyfscel bha Stife lédtPodeas bt bKE 8NfduBEIY ifie CHALAES

ar _13| nmgg;logt the el ectrode 2, noﬂcHaéthBY st.ﬁgbgﬁlo&‘eds kept
qqﬁgaﬁge&sihgsi Blgte 49 anet of electiia) equilioriums, r&ahtd% e p?]dsfﬁive and

. ' rrent i,s . passed throug i
TS chr 8 SUSGLEA 51 Lot 2,083 o o n o
semsingheapanitor Aydn atdes tdestriede e std}ﬁdtcgfa%ﬁtéd%&rigfcurrent is
ferroelectric layer 1 which is 20 adjacent T0 The
égggfzgfthq% _%h%ihggéert laver ¢ asingnihenelestrodiep of eadnm 6t {@nce the
' StV accordjn o . .
Tﬁéfgﬁé‘}' 4 ﬁ?gi’e%%’ 3 t@%?&%@éraéﬁgar g%efhgﬁe}(rpﬁ&ac i layRp dakhich is
agljageat &0 the hestes iisep! $inobithe totak airRIRE bRHIgote B roelectric
léﬂ:‘rtJHa?\ges sensitively according to the temperature, the surface charge on
the electrodes 2 and 3 varies sharply while the temperature changes. In this
case, as the temperature increases, the surface charge decreases. The
decrease of the surface charge induces redundant charged particles on the
electrode 2. As a result of this electric imbalance, a certain amount of charge is
induced in the sensing capacitor 7 and it is detected by reading the voltmeter 8.
The voltage Vp observed by the voltmeter is expressed by the following
formula:
Vp=g¢g/C

where q is imbalanced charge and C is a capacitance of the sensing capacitor.
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he tenperature increases, the surface charge
82§$ea223f The ngecrease of the surface charge induces
redundant charged particles on the 25 el ectrode 2. As
a result of this electric inbalance, a certain amount
of charge is induced in the sensing capacitor 7 and
it is detected by reading the woltmeter 8. The

t observed by the voltneter is expressed by
Vrﬁl? Sﬁ PYSmEnsioned refack is wplled theCpgtoeléetrie eﬁffedts and is utilized for

t [P Rl
R0 ab0ites Sueh Asainaild Gy soBale i Ensd Bisioeed iformation is “17
Positive \tdﬁf@gpy\f/peb eatiservedbi/atb witnéter @ ééezf: fé’([)t))h Once the
S as infrared ray sensors
?p ﬁ?gﬁyq ﬁ\eo? layer ds G@ppedath%mmmmmmﬂthgefeh‘pele%:trlc layer
db@ﬁ”éﬁﬁﬂt?@’ahﬁﬁnt’@f ;561§f|§étlo$1 Ke%gﬁs 't:%g%dln t{% tats1c® the

current to the heater layer is's
tenperature of the ferroelectric layer 5 drops and the

[ h tial state.
ur ni %gggvo%oitzgr ?Z gﬁé g'? Eitﬁ\é/‘e'éltsﬁ’lﬁ’téﬂ% 'bn"?’h'gﬂlsihlﬁ\?fﬁf rtsmapanimh initially
hae & eipolcwhioh ifscdlréd‘ﬁéd 'déWanard“i‘?e el 48 negd mgﬁr?n%tlon is “0"), as

downward (i .e. tored i nfor
gf@‘g‘ﬁegﬁig 9. gi{amnlthlsmaﬁe S(hsen thenheatesla;mek hadterthe tTérroelectnc

1,
RATEI R YE?sosﬁééﬁég%whewgﬁmwms Sown in Fig
@ﬁ’g) sitwuen biyrnusing the Pyeddlectib WifechYit dah sk HB V\Eer{rhned Whether the
ctrl., . effec it can be determ ned
&%SF(?(?(@% t&dfa i Qr “07 without 8"y fesiiectionsofstdest datat i on of
stored data. Turning to Fig. 4, the possible structure

of an array of nmenory cells of the kind 15 _
Tumning foaliga 4i the-pgssillei strusdtansnofi am érrﬁgr(gpﬁé,tnloy)e cFﬂseB‘f the kind

hﬁfq gd ﬁ@e}:'a‘r Eﬂlﬁ%hlé)a e{ﬂ grwqfrgﬁé?tﬁfleﬁ@te%ﬁgé elg a single layer of
fémeleetﬁmhﬁatenélhéfd%nafr% f’hrphyal | tp‘h?/raﬁﬂzy §fg c};leqeellls,ggpypgﬁ{more

de | S 2, and a
EE%E%E%QSOW}GH&OB p@tallehmBmtmdetmest@pa@di eCp m&l&¥ of parallel

th t ection o
oA Blockide RIS aliftdrss Y dhe b i etrodsitings éash memory
cefl isahthienintersetti@ of 8308 efdoh@de Ifh%ai Wuth'é% &or‘h el§8{r88é’ line 3.

lyrality of parall ect
$¥ﬁég§%th@é§§dgf%r$ﬁ@eb’e¥ﬂiﬁf tayer 4r Eoempd un\zdrl ityarefa plurality of

paRalle?Top electrode lines 5, and formed beneath it are a plurality of bottom
electrode lines 6 (transverse to the bottom electrode lines), such that there is an
intersection between one of the top electrode lines 5 and one of the bottom
electrode line 6 vertically below each of the memory cells. Thus, when the data
stored in a given memory cell is to be measured, the corresponding portion of
the heater layer 4 is heated by applying the correct voltages to the
corresponding top electrode layer 5 and bottom electrode layer 6, and the

voltages of the corresponding top electrode layer 2 and bottom electrode layer 3
are measured.

Turning to Fig. 5 the memory cell of Fig. 1 is shown in combination with a
second set of readout circuitry. The difference between the two sets of circuitry
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el ectrode lines 6 (transverse to the bottom el ectrode
lines), such that there is an intersection between

one of the top electrode |lines 5 and one of the bottom
electrode line 6 vertically bel ow each of the nenory

cells. Thus, when the data 25 stored in a given nenory

cell is to be neasured, the cadresponding portion of

t; r.layer 4 .is heated by applying the correct
J%ﬁ%%g@é%to!}’ﬁ%f 3&3‘@858@%@ figPlaepd dyee conthmrbiay &0 & Fig. 5(a).
&gl eorRls8ehiode ltpye and the .valtaggs of the
corrlg?i))gndi n 9top e eg?éf{o%tg% a@"é%ra}ein@ Blldgt (g%é) and Fig. 5(b)

EPHEEPORIES 1ol | rStafce iﬁpsxrated_simn:etﬂ.z(sp_mermt gt bfth’éi &bm[?%rator 10
: ; of Fig..l.s shown in conbination w

%i%ggﬁ‘g%%;@? ‘loafser%fgﬁguP%‘%)i ARdiNgRy ("Hihén the tase ot Eig. 5(b), and
svéen oulputt @fothee ' ] ' the . .

ol t net.er t%l of Fi g.béz z?)rétibgGlrwefoslr ?gz%?tbﬁ% QP@&WQT%HZ@'O" of the
{ rogledriglayardy. “Fig. 5(a) corresponds to the state

illustrated in Fig. 3(b) and Fig. 5(b) <corresponds to
the state illustrated in Fig. 2(b). The output of the

N@t@étl}raiﬂo?af&thhﬁ theﬁgagiiitéa)ng%ert&ffﬂgg ﬁﬁ}@%ﬁé&%@ﬁ@ﬁ is much
E@Ellgy%g.ttha* fh’@ @Wﬁi@ragz@pit_o& ilheoserﬂmglﬁggécigdga’t is useful
o ifd %o g o Layer 1. e tha

in caasn(?%ttﬂa?\{s e?%’e capl)tg ?t\é"n g@%@éé &é‘gjﬁsﬁﬁlﬁ’%’ﬁbaﬁhﬁﬂﬂhey are
fapparable digcrexamplel evhenhtite ahed opforiehSinbRs MSHEHR! EBF is quite
%E@cﬂhgoi{ ns'irilg %5[‘18{ rrl% ca Crl tor 7 is useful 10 t'o _

enhance gnsing.¢ gty ) is GRUIred Fzarsexampelgl Mrning to Fig. 6, a
‘oaboarof thé @frdngeynaht of FiQ PR égrg:}vfn Whh E,XQQB léﬁlé?wggiment of

tE‘he ‘Zéﬁa of cgne singl e menory I's quit

Mty tihe oy i deimieh et Syl
17101 % NsFa B e ARl zat o B S oo that o
Figw Bth)i and threl heatestlagér 1he KBVSIcAY SRy, o e?nbc?qi@gnt of the

omtted. The arrangenent 15 of Fig. rsTiTlustra
"g‘?g’ﬁ'% W@YU&%??"N@ Yybichr is similantosthat ef iFsgs. 2 and® Mg in which
th@@énghg OléiPGCité!('P}ﬁ @rﬂﬂtetdhe heater |ayer 4 is

r

activated. Simlarly, an enbodi ment of the invention
may be formed which is simlar to that of Figs. 2 and
i ich :
AlthoBih &y 068 embodiments of the invention have been discussed in
detail, many variations are possible, as will be clear to a skilled reader, within

the scope of the invention, as defined by the claims.
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nsing capacitor 7 is onmtted. 20 Although only a
gga/Zﬁbgdi%entg of the invention have been discussed
in detail, many variations are possible, as will be
clear to a skilled reader, within the scope of the
i nvention, as defined by the clains. 9 Caims 1. An
Fe RAM nmenory device having: & plurality of nmenory
cells, each nenory cell conprising: 5 (i) an el enent
of ferroelectric material, (ii% a }op elec}rode and a

el ectrode sandw ching the elenent o
ngrgg}ectric material, and (iii) a heater elenent for

mRemornwdevieg bavipgl i cati on nmeans for
ggﬂig%ﬁﬁ%ﬁm J) L ca?@yol tg e across lt he 10 heater
el ement” uanfn@%%moé'}‘rgﬁ Sﬁ@&ﬂéﬂ@m@a Felt spmprigimgpl ed t o

the t (ipanrdderpeht ONfendeRicti®ffRterdidl! nMeasuring the )

pol arity of the electrical voltage generated by the

ferr oé'l)e%?‘?ﬁ’ elepdfage and @ubottemhelacirode IsantiMchivegties element of

e rRd@EStric heatérial gRgMOry device according to claim1 in

whi ch the neasurenent neans further includes a

vol t nfil)e? haateneigrenbfongensratingiearol t age generat ed by

t he oelectric material. 3. A nenory device

accor %get 8p8\t'%ﬁt¥?1”| "\eﬁ”ﬁﬁpb RPplyingrenseleeineat volbages across the

Réaterelamie® angonparator arranged to neasure the

polarity of the vol tage between the electrodes. 4. A

menmor fedgyiareenic qoeans geleotricaiy modupledchgl e toh Yhihd Nbottom
.neans i ncl ud a capacitor

&P rodBERY HEBR LI ph e S e BBES] L okage generate by tho

feeroetesitie fraterianauel todeating Vtﬁ tHBHRlae (i ¢ C 01 ld' " e

to any preceding claimin i ch sal nenory cells

arranged in a two dinmensional array, the top

2| ectA RoRf device according to claim 1 in which the measurement means

further includes a voltmeter arranged to measure the voltage generated by the

ferroelectric material.

3. A memory device according to claim 1 in which the measurement means

includes a comparator arranged to measure the polarity of the voltage between

the electrodes.

4. A memory device according to claim 2 or claim 3 in which the

measurement means includes a capacitor electrically coupled via the electrodes

to the ferroelectric material.

5. A memory device according to any preceding claim in which said
memory cells are arranged in a two dimensional array, the top electrodes of
multiple said memory cells being connected in a first set of parallel lines, and
the bottom electrodes of multiple said memory cells being connected in a
second set of parallel lines transverse to the first set of lines.
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mul tiple said nenory cells being connected in a first
set of parallel lines, and 30 the bottom el ectrodes of

multiple said nenory cells being connected in a

second set of parallel lines transverse to the first

set of lines. 10 6. A nmenory device according to any

preceding claimin which the Vol tage application

Beans ACRIERA first array of first heater

el eﬁé a:t odes darzgpeﬁesg‘é%amgrtf)@n)’opf@@dmgdclbb’aﬁreIWhich the voltage

apeligatiode mednise comprises ay i ter .el.ectrodes

ngghi n%éa I ayg? of hea{rgﬂ; .aﬁ esf zg'lrs,t 5ﬁ€§?rs§|ieetrodes and a
8 P¥ M eCRRA Mpaterselpotrodes) the tearrayEhbf Abater. electrodes

b@@dvﬁbhiﬁgtsr@b vg}l @? s Sa d_chhed by an 1nter sacYi A%

[gq];rg arcgidé:t ater ATl "Baterahqeach seithheatert efement being a
en layer A meatertmateriaPivihichyi g from an .
gﬁﬁmegg%oﬁg devi ce having a p?I% u'?%l%lng Ba/ﬁ%}e%mpyntersectlon of
cells, C %?"Qélﬂecéaﬁﬁ\eaﬁrr@ectﬂdﬁdi) an el ement
of ferroelectric material, (ii) a pair of electrodes

;fand 1 ching the el enment of ferroelectric material,

Ci i) debederf eatdeving daia fgmearatﬁemmeﬁb'mc{r{}ed thod .
i SA.Ag: appl yi ng an el ectrical volfage € having a
S0 i 0 SRR g o ol VBTVl

(b) rfeasuslemgnt BEfRRIIE dtti .hhe el ectrical voltage
gener(ﬁt ed by the ferroefl%g?grt?ﬁcé]hateri al due to

heat i BRINH Eleetradasi sandwichingttes istdmBit : .
agdenent; and 20 (c) deternining the pol ar?’i@{@%ﬁé@lﬁ%f‘@te”a"
of the ferroelectric material using the neasured

pol afiiit§ heater element for generating heat;
the method comprising:

(a) applying an electrical voltage across the heater element of one of the
memory cells,

(b) measuring the polarity of the electrical voltage generated by the
ferroelectric material due to heating of the ferroelectric material by the heater
element; and

(c) determining the polarization state of the ferroelectric material using
the measured polarity.



