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.10 Ferroelectric random access nenory (FeRAM i

3 1 15 1 5 1 I U T A U I A I I O
*166166* Ferroel ectric nenory device, and readout

nmet hod for such a device Field of the—l—wem_mn_S\
present invention relates to a ferroelectri

device, and to a nethod for reading-out damwumwmmmllmm
by such a nenory devices. Backlground of th Tootots

starting to be utilized for certain products which
IR elesistri® b Sry BVik il relabiyut ety ok sHERS dice
require any electric power to maintarn tne stored
data, it is suitable for use in passive devices, such

cards The principle of storing and
i Ibgfw@ﬁw '(IJ'Q is as follows. A single nenory cell
consists of a th| n filmof a ferroelectric materi al
air. of electrodes which are deposited

é‘?ﬁ?—:f@g?@fénye%ﬂpft FrRlateg o adledrosiratimmeanmerycdayied, andeto a method

[ r evel of

E&(;rrsrlre?lelr‘@%qte&ce}t%%?: FB ti))(;%u(cgﬂﬁﬂgé?g(g I(%éev getvveen the top

and bottom el ectrodes which is higher than the

cive fi f‘tkd of r.&he ferroelectric thin film (Ec)

g%‘—.‘%qrq“”d of tHe spont aneous pol arization in the

ferroelectric th| n filmaligns with the applled

electric field. Suppose this state to be "1 "

E@ﬁ@@i@@@ rangem acersgameargony (keeRAM) B starkm@eo Ibénautilized for

| El cD), th onl ane
S By Fogo oL En  SERS hn e o
laaycm@ctﬁctwvmr toh@aihitaigcCthieOstorerS 88, &t lg%dﬂabhs frad mI passive
ose this state to be "0". Thus a singie ce

6’5?’1'0925&% IG dagmer Wacards: T hemaimsipje of starimg ard e&idevmg data

_ ;]sg ggtfi%\lllg\‘r?/ v gh@l]:@trgéﬁ%mtellp{cﬂfs?&glégi Etg\ a?lpmsra sofgéroelectrlc

nheterialhand |af palnmﬂeiecfrddes wh&ﬂ'oamddeposltt&j Wc&ivé@dn the top
he ne ative . fjel bet ween t he

gpﬁcpwfg aq% Oée'ihle qufp@@qtg? gt?nn ?l?m When a certain level of

positive electrlc field (E) is applied between the top and bottom electrodes
whi'ch 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 “0". 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

IR
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,|nforrmt|on "0" on all the ce

30 reverses the ' spontaneous pol arization. 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 11112111 1111 LELEDL LTI

FELLE LLEEE 1 1l *@0002%2 2 stored in the nenory

kb a0 o B SR il M el 2500875 Renedative ol wes appiic

Sem@me@eﬁel@@r@deg@hl e veu! %@@bont’éﬁ\é@u@eﬁdlaﬁ%\{%rns%uld not
by the field -E, because the polarization alrea

Pavabegnireversed bistha field -5i becausm therpelasiation aheady pointed to

rent h

b{@%@éﬁv?ﬁﬁ%é@?ﬁﬂ%&eﬁ ﬁg elggﬁ% |s$lﬁ%§mﬁp§ﬁyrrenf cgld have
beent pbserveids ih acasenof ctateerto” calhube ﬂb%@h\/rﬁﬁry,l i BB electric
consi dered that the stor i nformati on and
APRIaRemeRty cufrent Gt ey SRSETVHO Horis  FRnSgeesy el dhe stored
'nﬁorrﬁéh&pwléﬁf“qptéﬁtﬂr?ﬂﬂs whal)i B spéé’t\%ﬁrﬁﬁ‘he‘avﬁﬁ)ém -85 SBSted data is

ave been

reaer 0’1’herefore, if it is desired for the menory to

‘store the sane information after the retri eval

process, state "1 " has to be rewitten to all those

Clifbrundielgh this o PE QY bPsrdlriYe$ tHY IMGmSatRSE“0" dn all 'tﬁ‘e cells which
ot her words, this readout process is considered

ga¥e gen; KP@dpr-Ul%%)fe,lS iFisegeeired fepthe megnonyf to store the same
PelofiaH aREr B RITBIaI 1SS, SPAETIT TR Bhe reiifen to all those

delienhickatwerg prégousiymstoringostate zat.i o0 diher bﬂfr@ge%ls readout
smal | er, after. a nunber of ﬁﬁm ari zation reversals. This

Bﬁ%‘%‘?&ﬁéﬁﬁﬂns'p?ﬁ s AIiESHYRIS PEACesBwri tes to about 104

cycles. This is one of the major 20 reasons why FeRAM
cannot currently replace other conventional nenory
feequesd | repetitions @qulammnorre%raah cmnmsy déteriotiation of the

?ér dé%gc\:/tflggtzﬂcﬂlr%gége ares ifsoé\fge Hg gl%}%t'%rg V%r%ggte Solgrlzatlon Pr
SEchmtesrs&nalm aft@dauhumBehofl pelarebibl rhkfdhls. 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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25 requires no destructive readout process. Summary of
the Invention In general terns, the present invention
aims to provide a new and useful 30 ferroelectric
menory device, and new net hods of retrieving data
stored in a ferroelectric nenory device. 3 In

. general terns, the present invEention proposes that a

' d
1 PR %fﬁ*ﬁartﬁa%ﬁ?gﬁ%;‘?ffbvegtwggqrﬁg@%ﬂ%t%eﬁ byelecitasapacitor of
Gat BeRART ﬁfemﬂryt(ﬂ@n&,ew Qﬁbﬁﬁéﬂ'lﬁ 8 1Rl a 'h%ahﬁg%ewce When

retrieved, the heating device heats eferroe
¢he #tata aitorerhirs thelferroelectric Wpaellt@ctsr i@ bef feiaeyeﬂi the heating

SRURINAI I SRATELE SRR S b Bl et

;mabaes zthelferroeteﬂtr&: @hphbitord &5 repsit &F ichafges MRC il Pblar®P which is
of this polarltt% permts the stored data
a

B%I'V@&#G}E‘%H%'Za’ﬂﬁn@at?@ ferreelesisig capackomseongasurement
gglrt)tinls 2 gé?ﬁﬁb%@%@‘ E}P’iﬂ% tOSSI fetrJtn(';l%}dé d'lﬂkdéga tﬁ% data stored

nmatmemofy cell enayzz rejneved/mthah’so@krrwmhg cial mng @pplications, this
nenDr devi ce, and

h
PRREA L RSBSTEE do faEe Hhe st phaOinzeten gevaraals dramatically
fdluhﬁg expBefld @éad-ehéf t'hBWFQAWm‘e?nc?Tg o‘:e?/%MaﬂBerﬁg helps to extend

devi ce havi ng plurality of ry cells,
ﬁ@rﬂfleyt"ﬁélolfﬂt&)ﬁpvlcel ng: 15 (i) an el enent of
ferroelectric material, (ii) a pair of electrodes
sandwi chi ng the el ement of ferroelectric material,

Anfirst aspéct@f e ireientb® ieah Ffe(NAME?ﬁéﬂh@H 88viB& Kaving:
vol ta% plication nmeans for applying an electri cal

vol ta 'Bé,@f megory gefis fanh weamsncell gamprisingir ement
means ('gjnﬁcél r‘n%ﬁ b¥fetly %&Iﬁ%%téﬁ& top and bottom

el ectr neasur i ng e polarity of the

el ect (ii) @pavmfteiqﬂrcgiasecandwichylgtthe elémenbet keiddi€ctric material,
%erl al due to heating by the heater el enent.

(i) 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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25 The neasurenent neans may, for exanple, be a
capacitor electrically coupled via the electrodes to
the ferroelectric material, and a voltneter for
nmeasuri ng voltage devel oped across the capacitor.
Alternatively, the voltnmeter may be replaced by a
conparator 30 A second aspect4 of the invention is a

nmet ho retrlf Tn from an FeRAM nenory devi ce
havi ng ) @ndlgmen Pbeg i¢ ynatefials, each menory cel |
Con'p“(ﬁ)'é‘%alrdof eﬂé&tr&ﬂase% iEh g @rélé’r?ugﬁi:t) ?é‘rroeiltﬁctnc material,
material, (1i) a pair o ectr es san

@ndnent of ferroelectric rraterlal and (iii) a heater

el eme rati heat he met hod conpri si ng:
(a) aEﬁJ 9?}?5’9%{n§%m§5‘?&?rcgeﬂne\'@ﬁ"f%é Leross the heater
thermthodtompeisplg: t he  nmenory cells, (b) measuring the
polarity of the eI ectrical voltage generated by the.
f er r oéPLeRRIYOGrANR elecHicaliveltage aetassiihe dreatereelement of one of the
,rngg) fsric material by the heater 10 el enent; and
[ﬁé term ning the polarization state of the
fer roéb)smeasurlmgt the zplolarﬁyr@’ thehelautiacal r st g"e'hémted by the.
?rief e.SCI‘IF i?n of Fe dr awi nlg% 15 Preferred,
YIpRlPEYiCInatatial idueator NBAG of the feheelaeticr mpirrial fhyr the heater
eéakengf illustration only, with reference to the
foIIovmn Figures in which: Fig. 1 is a schematic,
cr oss(@)egete@mmmgutbw neflazatiomosiate ef lthe ffeaoatextricy material using
I's an enbodi nent of the invention;
%‘?é/h?e%su edc@ﬁlﬁggyed of Figs. 2(a) and 2(b) which are
scherratlc views of the nenory cell of Fig. 1 in

conbination with a first set of readout circuitry, and
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 é first set of readout circuitry, and
illustrate 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;



10

15

20

25

30

il lustrate the readout process in this case that the
menory cell is in a first 25 polarity state; Fig. 3
is conposed of Figs. 3(a) and 3(b) which are schematic
views of the nenory cell of Fig. 1 in conbination
with the first set of readout circuitry, and
iIIustrate the readout proces§ in this case that t he

a secon g arlt% state
EE%H? 3 213 | sp%rSBSFEYf‘eé’t‘%"Y/@ J'P%v&?%‘is"tiﬁ%o Shst mﬁiﬂhﬂi the memory
gem@bfFig.af the nenory cells of Fig. 1; Fig. 5is
conposeg of Figs. 5(a) and 5(b) which are schematic
views of the 5 nennry cell of Fig. 1 in conbination

it h e and
ngf ussﬁsr %t% e ran egjl %’ rgast e“"ag%i‘gd%{?s '8ﬁe§r§ SRNgiiG viegys of the
inseraosceinet fFig. Vllﬁwwﬁblhbmmmﬁra/sé@d)ﬂtd 8kt &f @adbut Bircuitry, and
atiop with a third set of readout circuitry. 10
@@gg’?Fee@n Bﬁ%ﬁtwﬁ.r%dwt PPeees @8d Enbodi ment s |
Referring firstly to Fig. 1, a cross-sectional viewis
shown of a nenory. cell of an FeRAM device which is
&ig. i di sehvematic vieev bhtrenmeamoryTeel o€ Ry.Y1 G ldotnbination with a
a _ferroel ctrlc | ayer 1, two el ectrodes 2, 3
gﬂ@%ﬁe‘% r?ad?léts%é: tXe 15 surfaces of said
ferroelectric layer 1, a heater layer 4, and two

el ectrodes 5 6 attached to respectlve surfaces of
eiallahie 3 reg AE |nsult|ng

ﬁé‘t’érrﬂ?@jﬁs@’%ﬁﬁ E'Fl]gg)g%) ?%%gngagvne&:gt vargé @memory cell of an

FeRAN ade\mce fwitich tidearf emteelimeht of th@Yiglertids Phe memory cells
OEO|% of vinylidenefluoride and trifl uoroethyl ene

218 Hejrpelaglric dayes ZOM’%y&i@thmiBSaQt & raattacbedytobeeSpectwe
EQHE@@S bf Qﬁgafeqr'ofei@tftﬁmaafe?ﬁr %ehg%te't'lg édtag‘}w?\“ ggrctrodes 5, 6

heat er
aﬁadyed ItlbrreSWe!ea‘&;wrtfacast ofi the peateerlayaet 4halh éleetrically insulting

DR, et Pifiuctin [HVRR s Toeflgd btmcame dlofode 3 and the

Biddtrode 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 uQm <Rv <10 uQm.

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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25 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 nmenory device further
i ncl udes conponents (not shown, but of conventi onal
design) for controlling the voltages of the

el ectrodes 2, 3 when data is tlo be witten to the

l.ud | th t
S PR TR R KBl s The Ut
€615 WonPeetiah @ @isullly Y BNgwitéle (AERSH W) Whﬂﬁ\eﬁsﬁloggﬁ when the

el ectrode 3 is connected to earth {note that S
PERREEE reanrous PIRGRSS| iy perferaedwbut maynoe ophowat)othdxi times, e.g. to

aﬁO\?ltﬂé &E&[b %ht% %@ rag%eﬁég{z%gc? ngrer}tf)r 9 %%:d@ta isgwritten to the
abn)ovwnmmpeélectrooele i8 connbetedt toorientermfial db @t MR capacitor 7.

en data is itten to the 5 cell). The top el ectrode
%Ps"tl&%fﬁé@ﬂﬁﬁqféh% (F8PREIafi hif gEUndeden’s Vameterat is arranged to
EetecT'E}?e ] %@r’b@b'ﬂﬁé Sbadiftf capacitor 7' s

grounded. A“voltneter I's arranged to detect the
vol tage across the capac:ltor 7. Suppose that, as shown
lisinitia

:§3’|p§i?19%3§5ta§6 DB s beteroe cHin laygbil e intially polarized
LD théNéIé‘&Hb di éFé ?Bln?eerﬂﬂ/@drdt WM’%L{%QBS ﬁg%?‘?erhf‘@t we can

this corresponds oring the digita
agsSumg tha]feth@mfrgqumﬂslto s‘(tbrmgjth@odlgltalflnfdnmatlon “1 in the memory

arl ttragts char particles fro
ggrrou |ng§0% % ﬁ}?arqc’lacrf%i'opn %&ﬁnﬁh%rﬂﬁg] ip|art5:rles from the
lsuﬁruhmﬂmgﬁ eagep)arwwb timeheSHbMER  §iab 0 tlatidie Iayer and the
ctro es 2 and 3 induced 2¥ the dipole is kept

@?%lq g 9 theselackrodes pdeand %lle@wed: by the dlpole is kept
ﬁ@HirJal'lﬂd' CWFFg SPhfeCR BF@ J?oéllﬁHr%e ﬁ@iﬁbn@rﬂgaglﬁ/cee grg Ip%gilve and

are bal an at the ectrode charge 1s0
nagative Cb@.@ﬁrajedmdmnetdoat the élactode®, ho oharge &vebsdreed in the

ShASAE BRaf 2, T Sfenl P kg SioaBd Eanen slede surrent i
bb@se&@ﬁ#bﬁph' ﬂﬁéeheétérslap&ahegsMﬁ thtehg|éc§€e§§35 Ynid 8f Once the
the ferroelectric layer”1 which acent to

heateslayareis heatadain, itee temaeraiummfttheffed'opkmlctno llayehe which is
Eaﬁ[eac?ﬁ Lt ﬁeate?{:ﬁéscﬁ %gﬁe cﬁtgf"a%{o\éﬁ ¥ glpo?e fn e gerroelectnc

enper At UT 2
layer changes 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 =q/C

where q is imbalanced charge and C is a capacitance of the sensing capacitor.
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the electrodes 2 and 3 varies sharply while the
tenperature changes. In this case, as the tenperature
i ncreases, the surface charge decreases. The decrease
of the surface charge induces redundant charged _
particles on the 25 el ectrode 2. As a result of this
el ectric inbal ance, a certai n ‘anount of chargg IS ;
duced in the sensing.capacitor 7 and it is detecte
e S aienaa et és cBrsd the RYB‘PQ'@@@C\RITQ%@M/%U““ZW for

Bie HB@lC\é@'Sh@ﬁta%rmf@re%xr%r r@Mntcgg o lsgb%ﬁ‘%’nforma’uon is “1”,

fornula: Vp = 0 where q Is I nb ance
@osiive wiisge VanISeotaﬁervéda byetrs mgltmatw(ﬂ (see Fig. Z{i®). Once the

SR R BB FI5h it B¢ e B S ol ayer

idnbpaaad theumiring of BolakiRaicis foldM 15itRE feltidindtgierat i on
is ""I", a positive voltage Vp is observed by the

voltneter 8 (see Fig. 2(b)). Once the current to the

ReRLRG AW B F'| $URERAatior Féeslti el trpoec:apaczltor initially
i 5 A

ferro€lectric aye rops an

haisaa idipatlé evhictevsedirscted ddvmwalrd (1@1 t}$é atcﬁed Tnmbrﬁmgoﬁqgv ‘0”), as
shown in whic

éﬁpwaclgdﬁel 8. T i GRS, whad 186 drepthrdoydn 4 lheads the ferroelectric
fll’éo)feﬁcﬁ nEQxRditalgle: ©p ltsrkﬁss%?\%cﬁg%'tﬁg %Iﬂﬁéie?rb La% shown in Fig.

shown 1 n"Fig i'S case,
3¢ eWhuayley uslrtge’dtespymelefoéma eé‘betcutra:an be dletgfmlnbd whether the

%g&gga/ volt.aﬁgeo, V@'{“é‘?)Ob %éteudoé@ ﬁ%j aﬁ’t@mter 8

pyroel ectric effect it can be determ ned whet her the
stored data is "1" "0" w thout any destruction of
Jisniag tadtig. 4Tﬁh\ﬁrﬁ>¢ﬁ@lbl@ stiugture oftaneaisay of Memery celtsuokethe kind

[ sﬁt‘sétté?cﬁrgglé)” ?%B%/n i é%e%pé&%e vng\‘ysgég{ef is, &, piggle layer of
'fereoeﬂectncarrmtergeilee*tayelhgofnrouﬁ@n reo@luealityi 6f %II@' Furthermore,

i f th |
B Ereieng ALanb ek Batael fom,placiioreyinge % epluraly of parallel
Votohi @ﬁa%tr'oki@qme% 35\‘ﬂgn§/é?5é”télthé3fﬂ|9 Ié’(ﬂfcﬁ*é ﬁnjmesgb%tatcﬂ%emory
el ectrode lines 3 (transverse to d

Icef s pt tf@@terﬁ@mryof adop electradetiine 2 wuthras bottonmnelettrade line 3.
el ectrode |i

b
SR e e D RSB SEE 1 s of
paeslil tto@@e@trdﬁemiﬁééﬁy #id 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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9,
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paral l el top electrode lines 5, and fornmed beneath it

are a plurality of bottom electrode lines 6

(transverse to the bottom el ectrode |ines), such that

there is an intersection between one of the top

el ectrode lines 5 and one of the bottom el ectrode

line 6 vertically bel ow each o8 the menory cells.

Th en t he dat 5 stored in a given nenory cell

8 15 8 hitaikiebd S g, 2t idsplRgrr Py arcaropaisor Then Fig. 5(a).
! &(al axffespohds NEALR P t [ r

VO ?t age53 to tsﬂxe) (S:orresgo%g?tﬁgm%ﬂrgg%degt?r glé ?g)))elang Fig. 5(b)

mrqﬁ@pﬂdmt@tfazshamjélulsﬁytad i6, Fign2(bt) hEhe mutﬁmgﬂ&h@fcohim@rator 10

q?i vtgf(g_gggr]' Q&et Oé;e echt Lér@%%g% l%{} |H|tﬁs qaéepq)ngl% 5(b), and

tthas rthesitpaebt tioé c’fangpar;latdrsmhg\/iﬁduban@@g&? t?\%t b8l%n‘£’éﬁc5h of the

second set of readout circuitry erence
H@FRB@WHFHQY@Mb sets of circuitry 8 is that the
voltneter 8 of Fig. 2(a) is replaced by a conparator
10 in Fig. 5(a). Fig. 5(a) corresponds to the state

iNdtesthahiredasen trh:atghefic(d:[)acﬁadcé;lo@ th& @bhsm@%é;%ﬂ@ﬂ@%t?(’ls much
ated in Fig. 2(b). The output of

h | | t
<o Eﬁfgé’gﬁ’ I”l‘ﬁu the |f%RKP?'eE’“5¢ sapacfier. ¢he seasing @apa:oetay 7 is useful
&Bdarih'aﬁt‘e Qhé’rsénélﬁgtvaﬁa 8% tporE?L%d %}cﬁt& 148 eg%% Wﬁgn they are

the output of the corrp atrve
FeInzparaalel Gar @D(ampée Whendblpealtetal of bageesmgle N&irﬁortyheéll is quite

(B8 e Sl GrRREF 7 AT rrTeRE FRR SveBiblbligbina e Fig. 6,

aapatbh of the Bﬁaﬁgéﬁieﬂg oﬁFFQaCB is%hotvrl WhitFeWiso HR &fbodiment of
enhance the sensing voltade Vp (because Vp= ?%

Heednantiontasg mn@lylcartae(ﬁ@mpmgamﬂ@c(tboV Iemmttbd Ttnbmnrangement

8 11080830 D T By Sl Mg o ot o

tRig.nbtr) an megheﬁteraaye/ra4llataoﬂnat@ﬂ Siilany, aﬁ@%ﬂ‘ﬁﬁédlﬁfent of the
th

5is_s al so_an enbodi nent of
'ﬂ%émonofﬂa&%%nm Wh CFHé LoHar Igthedphdilger2 andss, but in which
Qﬁefsbﬁgmg'ﬂ\?ﬁaéﬂtdraﬂge&ﬁmedw of Fig. 6 is illustrated
at a ti en its polarization state is the same as

that of Fig. 5(b) and the heater layer 4 is
%fHOYJ%EegnIySé rpel At Hfjod|rp1er(1etr§08pI Itrﬁréarl]rtweontlon ﬁave 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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i.nvention may be formed which is simlar to that of
Figs. 2 and 3, but in which the sensing capacitor 7
is omtted. 20 Although only a few enbodi nents of the
i nventi on have been discussed in detail, nmany LLOYD WISE
variations are possible, as wyll be clear to a skilled
reader, within the scope of the invention, as defined
by the clains. LLOYDWSE 9 Cains 1. An FeRAM
pory device having: a plurality of nenory cells,
£§%§rrermry cell conprising: 5 (i) an el enent gf
e rd ngm, Lk hdil). @ top electrode and a
Lo%‘bgfrﬁ%@crrrgo e ggk%\%whcﬂldr% the el ement of
f er r cepkuality of meareoiyatellsaadclf memom MMpr];@iﬂgfent for
enerating, heat; .yol tage application neans for
gppl y(ﬂr?d‘ %ﬁ"&'ﬁ&#‘?fé‘é&g%ﬁ %f@r'ﬁtross.the 10 heat er
el emeif a RPdelRAEHE &IfRNE BB RARIde §ahdwichigPinedefethent of
the top and bottom electrodes and arranged to~neasure
ferreelgstria materistl, ank el ectrical voltage generated by

the fexr j ' e to heating by the
heat éﬁﬁgﬁgééﬁtéfew&g%ﬂiﬁﬁvghgg{]oe according to
cl ai moltage applicatibhansses toreapplyingean eledtHéaiNgsitage across the -
i ncludes a voltnmeter arranged to neasure the vol tage

heaterelemendy@idhe ferroelectric material. 3. A menory

. . el ectric materi 2 :
means 30 R iears, Sulbdicel “Giiled ofp B oGE A bottom

gléctrquissarinty aofanged twlmegsurbetheegolaritpeoltkst sledgizal voltage

B SR PR 2.5 bl g bl e

electrically coupled via the electrodes 25 to the
ferroelectric material.
A memory 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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5. A nmenory device according to any preceding claimin
which said nenory cells are arranged in a two
di mensi onal array, the top electrodes of nultiple
said nmenory cells being connected in a first set of LLOYDWISE
paral l el lines, and 30 the bottom el ectrodes of
nmultiple said nenory cells beilhg connected in a
econg\set of araIIeI l.ines transverse to the fi

et o GLWW@Q'”%@ gy Rr%%%mg/ Ctadri 'BeWh'Ch the voltage
apphReationg n‘iéér%nléoﬁﬁﬁ%%g' BYirst 3jrfay bf WiKsE théa?&r Ya?éétf&%s and a
application neans conprises a first array
ﬁéﬁ@@lﬂ aglaycefr erhendaneatar emmesatheaym)farwsmfmdamt electrodes

san Mc%ﬂ'?qi’a tlékfe y§P h%]a{%yi'tag?n eate Fal b%%tdegaﬁalgment being a

lpeai(ﬁf ofGﬂheﬂEy\ér @Ehéﬂeﬁnﬁat@%ltWIﬂBh @é shR@wIcA¥EIbyYOAN intersection of
material which is sandwi ched by an intérsection

@ffa'l’Stah%tPE? eciefeand a sesubhapigr Q'%‘éf@é'ﬁd heat er
el ectrode. 7. A nmethod of retrieving data from an
FeRAM nenory device having a plurality of nenory

del | sA emthodrexfoneyriendnd da@rﬁmrmargFelRO\Mlmeﬁm)rfBlcmmﬁ having a

f f | ect t . of electrod
Bl R g CelFCeRb Foambet ellediBphviBomat or i o .

and (i) eh aerla@m Sffewo%vmﬁc f@teﬂaneratl ng heat; the
met hod_conpri si ng: plying an el ectri cal

vol t adi apavss thﬁérqm @nchvleimegtthefelemenbbf femmelectric material,
ry cells, (b) neasuring the polarity of the

électrical voI tage generated by the ferroelectric

mat er iid) a theatdreelberint i geinebdtthd kEatoel ectric materi al
the heater el ement; and 20 (c) determining the
ﬂéﬁﬁ'&%ﬂ%’ﬁ‘%‘ﬁﬁ@e of the ferroelectric material usi ng

the MRS aPinBURbidctical 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.



