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1 Menory device which conprises a multi-|ayer

capacitor *159159* *@0002* Field of the invention
The present invention relates to a nenory i
particular, the present 5 invention relat gmmmﬂlmwwmmm
device having a capacitor structure. Background,gfset he
i nvention The capacity of ser conductor nenory devices

such as Dynamc Random Access Menory (DRAM or Static
\jce emprigespampultidayes GapacERsi ng st eadi |y

ol on g bhor s | b oot rat e oo
Manuf acturers are making great efforts to maintain

Hidldof teé hvehtibAPr ovenent. One of the nmmjor issues is
how To Tfabricate a capacitor in a snmaller area

'MLet OYRYERf i ?\98@?6\'9 Cfé 1hf2sq8RARe %ev&b@c n PArtici&ethe Present

tain relia ata retrieva arge capa(:ltancels

Jred e £nch on
aenabiptee KRRV ARG SR R GRRGTTET
so that the surface area, which is proportional to the
capacitance, is increased. This structure is
|IIustrateF in F|g 1(a), and the equivalent circuit

ig. 1(b). Atransistor (the
regi on marked generally as 1) is

The capacity of semiconductor memory devices such as Dynamic Random

*G00002*

Access Memory (DRAM) or Static Random Access Memory (SRAM) is
increasing steadily following Moor's law which predicts that the number of
transistors on a chip doubles every 18 months. Manufacturers are making great
efforts to maintain this rate of improvement. One of the major issues is how to
fabricate a capacitor in a smaller area without reducing its capacitance, since in

order to obtain reliable data retrieval large capacitance is required.

One solution is to form a deep trench on a silicon substrate and fabricate a
capacitor in it so that the surface area, which is proportional to the capacitance,
is increased. This structure is illustrated in Fig. 1(a), and the equivalent circuit
diagram is shown in Fig. 1(b). A transistor (the region marked generally as 1) is
formed on a substrate 7 with two of its terminals connected respectively to a
word line 5 and a bit line 6. The third terminal of the transistor is electrically
connected to an electrode 3 which is one of a pair of electrodes 2,3

sandwiching a dielectric layer 4. The electrodes 2, 3, expend over the surfaces
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20 fornmed on a substrate 7 with two of its termnals
connected respectively to a word l[ine 5 and a bit
line 6. The third terminal of the transistor is

el ectrically connected to an electrode 3 which is one
of a pair of electrodes 2,3 sandw ching a dielectric
| ayer 4. The el ectrodes 2, 3,2 expend over the surfaces
2 of atrench in the substrate 5. Unfortunately, this
of artrenalirie the gubsisated. Unfapunatalys dhis SHUckHE r8AUIRDBess
that pushes up its production cost. In separate
compicatedefiabscatiar prsiess thatpushed ap it presisictiencosgt.
(FERAM) is 5 starting to be utilized for a certain
category of products making use of its non volatility.
Since it does not require any electric power to

Iﬁf%bgé?dt@ e08lophirs, f@ﬂ'bélectﬁd rdnﬂoﬁﬂéé@éﬁs&n&ﬂo&%ﬁeRAM) is

passi ve Iew ces, such F tags or I1C cards. A 'single
RS %gﬁ&naea‘téwfg e AP ELERL s ron-
oG R K OB red s R SR R t%iﬁév@@ngﬁei‘%rgd data,

direction of pol ari zation induced in th

itisrsuiiablecior HEe i1 PARSIYe doVicep GiIGias RE taas oriGicards & pingle
may be organic or inorganic. In general, organic
rhemoogtelt consistsenfer thin fimafba fermeelaatrisrmatpsial and acair ef
fabrication and i nexpensi veness. However, the remanent

gietteddesalvhieh avé locatganespevtivelyion thieStopmnddmttcim gerfases of
that of inorganic material, so the readout is signal

éa?d #&Y@électﬁé'tﬁlprfﬂlmt hﬁofrﬁé‘ﬁ’orpiétstéﬂe@lrﬁ’d a\drecloMef polarization

advant ageous, to obtain nore reliable data retrieval.

ﬁ{f@%@ tﬁ%&é&ﬁgl’e& F‘c{'ﬁ {Tpﬁggfr%{/ﬂ f;e@ﬁ’ig miaf 1 its8R ridy'Be byanic

or inorganic. In general, organic ferroelectric materials have the advantages of
easier fabrication and inexpensiveness. However, the remanent polarization of
organic material is not as large as that of inorganic material, so the readout
signal is lower. Raising the read-out signal would be advantageous, to obtain

more reliable data retrieval.

Summary of the Invention

The present invention aims to provide new and useful memory devices.

In general terms, the present invention proposes a memory device comprising
memory cells having at least three stacked electrodes, spaced apart pairwise by
dielectric material, so that the pairs of electrodes form respective capacitor

layers. The capacitors are connected electrically in parallel to each other.
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20 In general termnms, the present invention proposes a
menory device conprising nenory cells having at | east
three stacked el ectrodes, spaced apart pairw se by
dielectric material, so that the pairs of electrodes
formrespective capacitor |ayers. The capacitors are
connect ed electrically in pardallel to each other. 3
The invention make it possible to store a_l arger
Thedoventisn maa(rrge ¢ diposgibimicstopra langer am%ﬁltpﬁﬁha'@e (or
menory cel | haV|ng only one capacitor. Accordingly,
digolepyerautinama thae a reduory cell hreaing only one dapeaitor. Aaserdingly,
i nvention, the dielectric material is a ferroelectric
iR lénAlincs the Feddtait skiel of the capacitors is a
ferroelectric capacitor. The nenory device may be of

I{'n'?)‘?\etﬂéﬁﬁ dfth&iHvehtisACtheRaRENicGRbleraP BP4 frRSeléctric material, so
ransistor having Inputs for receiving a test signal

tﬁa&fam e T e et
il i el B P Borcs

structure in which the word and bit |ines thenselves
trangjster haviag inpuss &ettlesaiving 3 testisianat agd a cenfio! iighalyso that
devi ce includes at |east two sheets of ferroelectric
trarisistonbppliesatheddsi signalftadee capécitor structurgacsording to the
Each sheet of ferroelectric nmaterial is between a set

\Rj‘ltapefdithéﬁéﬁtrQMQﬁalset of bit Iines, and each nmenory
is is constitfuted by an intersection between the

Nt?érﬁ |vél StheHe %Bé@mb'nﬁﬁhav@@%‘o%'ek%roé@ Bombegtisture, in
errolectrlc teri al separated by an

wﬁlct\%'e (\)Nrbrd aMiBit lines themselves play a role as electrodes. In this case,
the memory device includes at least two sheets of ferroelectric material
arranged in a face-to-face configuration. Each sheet of ferroelectric material is
between a set of word lines and a set of bit lines, and each memory cell is
constituted by an intersection between the word lines and the bit lines.

Optionally, the sheets of ferroelectric material may be separated by an isolation

layer.

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:
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Brief description of the drawi ngs 20 Preferred
features of the invention will now be described, for
the sake of illustration only, with reference to the
following figures in which: 4 Fig. 1 is conposed of
Figs. 1 (a) and 1 (b), which are respectively a
schermti C cross-sectional vi e!w of a conventional DRAM

g—y cell structure_ which has a trenched capac:ltor
and Q. koigi anampored-of itigs: 1(alragd 1zéb) yhich gre-raspestively @
cross-sectional view of a nenory cell whichis a 5
sthemsiatie vhusti-sestionaf vieleofi nsemtentionabBAN imeménueell structure
| ayers of capacitors; Fig. 3 shows an equi val ent

vHiIe Has attPeridhedr@pacitof &lnd &1 efiiigaledt cirdwt; 4 is a
schematic cross-sectional view of a nenory cell which

I's a FI%ez:%néj s@t‘i@ﬂghgﬁfﬁssogecglaﬁal' VIR THF 'aoﬁ*nefﬁ\}g‘? IcefliwHich is a

two capacitor ayers shows an equ ent

f5r§tregﬁh%%| e@ttclz))ftl'glmre}ﬁgc‘gﬁfbm ns@'@bouf‘laﬁ/ﬁ% 5t Sapdtitordli ch
sche | t hi.rd embodi nt of the

whi ¢ s§ 5“‘?&? P@e@%\“ﬁ?'&tm the emo Wa‘%ﬁql @Iﬁé g'ss

poi nt_nenory cells; Fig. 7 shows a fourt h enbodi nmen

of f &lgo%l%éﬁﬁh@mﬁﬁﬁﬁr%wnt'@@ahx‘iﬁww emeyicey r@t'%ﬁ a
| ayer; 15 Fig. 8 shows an equivalent circuit diagram
seicoht @misodiment ef the mﬁ/emlcgscompnamg tworapacitaniayersy. 9
shows experinental results conparing a single |ayer
capadigos shows an equivalent circuit to the memory cell of Fig. 4;

Fig. 6, which is composed of Figs. 6(a) and 6(b), shows schematically a
third embodiment of the invention which is a ferroelectric memory device having
cross point memory cells;

Fig. 7 shows a fourth embodiment of ferroelectric memory device which
has an isolation layer;

Fig. 8 shows an equivalent circuit diagram of the memory cells of Figs. 6
and Fig. 7; and

Fig. 9 shows experimental results comparing a single layer capacitor

structure with a multilayer structure which is an embodiment of the invention.

Detailed Description of Preferred Embodiments

Referring firstly to Figure 2, a memory cell which is a first embodiment of the
invention is shown schematically. Elements of the structure of Fig. 2 identical to
those of the structure of Fig. 1 are given the same reference numerals. In
contrast to Fig. 1, the single-layer capacitor is replaced by a structure having

two mutually electrically insulated conductive structures 23, 25 spaced apart by
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structure with a nultilayer structure which is an

enbodi nent of the invention. Detailed Description of
Preferred Enbodi ments 20 Referring firstly to Figure

2, a nenory cell which is a first enbodinent of the

i nvention is shown schematically. Elenments of the
structure of Fig 2 identicalsto those of the
structure of Fi 1 are given the sane reference
andigtecticslayen2? ¢ p@@duqttyeﬁt@lctwe 3eongistgiof thf&?&'edmde
capacitor is replaced by a structure havin
|ayereaverticallyedispostad bye above maadtMrwIﬂ:eieﬁﬁ’lQﬁle @@nne@tgd to
23, 25 spaced apart by 5 a dielectric layer 27. The

é‘a‘éhcbtﬁér* M aSeHitHlly rextetiting behductivefwalhpertionl 28: fThedeonductive
| ayers, vertically di sposed one above the other, and

sﬁﬁlu%ﬁfrg ﬁééﬁélﬁ@%‘l‘%ﬁb %ﬂadtr‘bdeq Yél's@lékﬂﬁcé]w @briﬂ%rctéd?ﬁi éach other

extendi ng conductive wall portion 28. The conductive

b&’i #ﬁ&%&@@gﬁ%@fﬁ ITé*e“e%gE“ f(?énfaS’éEs I Snetee e
St o g ke
aiecant tetiosiplaye R oReS A CaRAREPT MUSTHIETe %ﬁ@?@ﬁ?@g%ur

effectively four capacitor, where each capacitor
capasitet, whifre 2achi capatitet cansisis of aqriceielapiedesgpacad apart by
i nsul ator layer which is a portion of the dielectric

ariRuladdr Ia?éﬁ‘wﬁioﬁds raopisrtion of theodietsutie tayer 27t Ehe@iagtsodes are
by the walls 28, 29, so that they forma set of four

Mr?éckéd altéi‘ﬁB?élY bgrtﬁe Well§ 285 20266 tHt they fdtm a@es bﬂﬁﬂﬁ?’barallel

as capaC|tor er conprising: the upper portion o
gé]pfaé:% Iﬁeaggmo%&qrcﬁgleﬁﬁgtﬁc o(:i/\%rrgﬁ a%f .‘aﬁé&fdrrliy‘?er comprising:
i S LB o
above it, and the lower portion of the electrode directly above that.

A conductive metal material such as TiN, W, Al or Cu can be used for the
electrode layers of the conductive structures 23, 25. A material which has a
larger dielectric constant such as Ta;Os or ZrO, is suitable for use as the
dielectric layer 27.

Fig. 3 shows the equivalent circuit to Fig. 2. Since several capacitors are
stacked in a small area, several times the capacitance can be obtained in
comparison with a case in which a single capacitor is used. Thus, sufficient
capacitance is achievable without a deep trench.

The writing and reading processes are the same as the conventional DRAM.
The writing procedure is as follows. When information “1” is intended to be

stored in a memory cell, a voltage of “high” level is applied to both the
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15 el ectrode layers of the conductive structures 23,
25. A material which has a l|arger dielectric constant
such as Ta205 or Zr02 is suitable for use as the
dielectric layer 27. Fig. 3 shows the equival ent
circuit to Fig. 2. Since several capacitors are
stacked in a small area, several times the capacitance
can be obtained in 20 conparison with a case in which
carrespading aynadilinerd ard bisdine 6riysthisseperatiorna positive charge is
capaci tance i s achievable wthout a deep trench. The
storet iimall ainel paesliel ogpauitoce ¥ aenanfermbtiors Sfeisastended to be
conventional DRAM  The writing procedure is as

starbl Oé\@/olté@@ Bf Mg I@@él‘ ie Ié\pplléd to trfe woicNeEed dnd &eoltage of
store ina menory cell, a voltage of "high" level is

@I \?éi' id %pﬂgcﬁtt ol thg it I| B;iﬂﬁé‘ Qgéﬁét%r dnl cR8rge RAMfe

I ne hi's opera i ositive ctharde Is

{
i ?ﬂﬁrseﬁa%ﬁ g e e A
| e
iermalien stored i the mepry el ks 8 UTENt Iduppd B Rgharge of
By this operation, any charge in the 5 parall el )
tba pacaliebcapacitas ﬁd@tegmﬂi orrgle bit line ﬁgN?ﬂi&a%@dﬁh levekvaitage is
follows. If the information stored in the nenory cell

dpplidd to thewore hihe Brahice tbvojevel doltatesisgpplibd toftiee bit line 6. If
paral | el capacitors is detected on the bit line 6

“i@'lﬂfSrrﬁafblﬂgtdréd ) tHéOﬂnbﬁgﬁl?Y ic8ll is1p] hedutrent Rand@est on the bit

| ow | evel age is applledtothe bi t

|inerbewﬁlle lafh|%ﬁ el %f?éd@k déﬁbe%tj% ‘fﬂ% \éxfbg{l thﬁ?o i né |g\ﬁ|lével

urrent

phagd i€apbif iR bl%liﬂ% 856 15 applied fo the bit Iine
Note that the number of capacitor layers is not limited to four. As long as there
are at least two capacitor layers, there is an increase in capacitance compared
to the case of a single capacitor layer which is proportional to the number of
capacitor layers.
Figure 4 is a schematic view of a ferroelectric memory device which is a second
embodiment of the invention. Elements of the structure of Fig. 2 identical to
those of the structure of Fig. 1 are given the same reference numerals. In this
case, the capacitor structure comprises a first conductive structure having
electrode layers 33, 35 connected by a vertical wall portion of the first
conductive structure. The capacitor structure further comprises a second
conductive structure comprising the electrode layer 34. The electrode layers 33,
34 are spaced apart by a ferroelectric layer 34, and the electrode layers 34, 35

are spaced apart by a ferroelectric layer 37. Thus there are two capacitor layers,
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Note that the nunber of capacitor |ayers is not
limted to four. As long as there are at |east two
capacitor layers, there is an increase in capacitance
conpared to the case of a single capacitor |ayer
which is proportional to the nunber of 15 capacitor

| ayers. Figure 4 is a schemat7ic view of a
ferroelectric nmenory device which is a second ]
eanb beingea fersdcapasiton e fesipeleaticiayess 34, 3hare pad of greingle
of Fig. 2 identical to those of the structure of Fig.
fdrreelectric \vodytHevirgpadolded @oafigerationeAaopolymmert ¢fi s

case, the capacitor structure conprises a first
vmééﬁéﬂu&id@éﬁtﬁrmh@r&bﬁm\;\lﬁl@? %P(\ﬂbl?ﬂ'trFEp?fdraéé@Wﬁpléﬁis a35

nected by a verti cal portion of the first

s@@%@?%é%ﬁaﬁc{rqﬁé géﬁoelgg‘lﬁgﬁé\eégg ?{4937%? é’l?éﬁ’\éﬁvélg HHTIO,

i'ses a secon con tucture conpri st ng

I , I ,
0%;'22) B SEaar s D). e Sl GflebTH 2 a5 Brridsiod Hiomately
trode | 4, . b, -
sPPACBRLorT & Fehal pecaliel ¢AEEce UMancs apel eeirie Spid ()
| ayers, 7 each being a ferrocapacitor. The . .
|larger thanchergaereing dield githederrgelechisr matsariah (5¢)iglapplied between
ferroelectric body having a folded configuration. A

the pod vorductivevstrydtuiede altiéinatepoldezatiah is induced as shown by the
trifluoroethylene (P(VDF/TrFE)), for exanple, is a

aSFrowiRl Bghat kg 8lshbWs dheqlivalenttieglit tocFigay eBg uilizing this
or alternatively PbZrTi03 5 (PZT) or SrBiI2Ta2® (SBT).

sg@ﬁpﬁgfﬂe[] ivared b t@?ﬁ&éﬁﬁgﬁ%@éjis@h{lﬁlﬁ)ﬂ@ \;%wkl))efrwaged to

ey forma set of para capacitors

G ieR Ehotep qued sicle neftePPepbr@ily Al S83h6 fcou

between the two conductive structures, alternate
sinalis eahanked-s i nduced as shown by the

The storing and retrieving schemes are as follows. When a certain level of
positive electric field (E) which is higher than the coercive field of the
ferroelectric thin film (Ec) is applied (i.e. E > Ec) between two conductive
structures, the spontaneous polarization in the ferroelectric thin films 34, 37
become aligned with the applied electric field. Suppose this state to be “1". On
the other hand, 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 the single memory cell which consists of a multiple capacitors can
memorize one data bit, namely, state “1” and “0".

The readout procedure is as follows. Suppose that the information “1” has been

stored in the memory cell. When a negative field -E is applied between the
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arrows in Fig. 4. Fig. 5 shows an equivalent circuit

to Fig. 4. By utilizing this io structure, the

effective area of the surface electrodes is nultiplied
conpared to a case in which there is only a single

flat ferrocapacitor, and so the readout signal is
enhanced. The storing and re®rieving schenes are as

foll ows. When a certain |evel of positive electr
efeictiodes B thaicell. the fisldreversesihe sroniaaeeyy polerigation At this
the 15 ferroelectric thin film(Ec) is applied (i.e. E
timeEe)edinit dispracemert oudeot cagsedsby tha polaszatiorereversal can be
spont aneous pol arization in the ferroelectric thin
obséedh theleadl ettothed o onegraup bf tleetradps.i Iétheetlectric ¢
fleld Suppose this state to be "Il ". On the other

d rbu’i‘ré?ff @eabbé/@rvéd ot & &cr@de?éﬂ Matehe G d-iFforimation

Ecl), the spontaneous

’g‘g&bglﬁbﬁdétegtﬂ?hme Prdrifatidno8t hig. b%'eh etQI”in tﬁ@ inf&mory

e direction associ ate

cﬁhnlart o aHahregetiels Tl £ Hep anpled fs%&s?reﬁ?éFwo

can mam)rl ze one data bit, nanely, state !

groups ghelectsades the spesianeeUs @%@Zﬁbpn Syuld erlae%% b?ﬁ'at
the information "I " has been stored in the nenory
rewdrsed Wyehe dieldathecause ¢hel polBrizatiap plasclraady\arientehin the
el ectrodes on the cell, the field reverses the

negativé arestord Ofrrefond | Meleétrlddisplacémt cetrent carcbe observed
di spl acenent current ‘caused by the pol arization

ih B48é 69%ta‘t‘§"b'b?h Qbﬁi%rq@t@ Rihed\enéthaptid été?ét?daiaois(’ﬂ'eor “0",

group 0 ectro e el ectric displacenent

Lfrn,hg r’n@%'s%}é? ﬂqye'ré %@e%%&épo?erﬁ?%& Ff'étnhwﬁotsl Irt&fto two.
's%ﬁégq‘%t gEeis TR AToTR Ty Bsrstaich rerpeves, 6 redout
bet ween the two

signal proportionally to the number of capacitor layers.

Fig. 6 shows a third embodiment of the invention which is a ferroelectric
memory device based on a so-called cross point structure. The memory device
includes two parallel, flat ferroelectric layers 61 arranged touching each other in
a facing configuration. On the respective outer surface of each of the layers 61,
a plurality of parallel word lines 65 are formed. Each word line is in register with
a corresponding word line on the outer surface of the other of the ferroelectric
layers 61. Each pair of respective word lines 65 is electrically connected by an
interconnection 62. Between the two ferroelectric layers 61 are bit lines 64
transverse to the word lines 65. Each memory cell is at the intersection of one

of the bit lines 64 with one of the pairs of word lines 65. A portion of the

structure inciuding only a single memory cell is shown in top view (i.e. looking



10

15

20

groups of el ectrodes, the spontaneous pol arization

woul d not have been reversed by the field -E, because
the polarization was already oriented in the negative
direction. Therefore, no electric displacenent current
can be observed io in case of state "0". Thus, it is
determ ned whether the stored data is "I " or "0".

The nunber of capacitor |ayers in the second
tawarddiomeraf the layars 16iin Eig. Bo) which additienalyshavwfethe pasition
nore than one layer, this structure inproves the
of treedhoititine §i4g(waicfﬁndprtt)pwimm woutcbnotmealiyipd biddein between the
capacitor layers. Fig. 6 shows a third enbodi ment of
|é31@es BMY. g . 618) Wha efodsssettibaar viewan tié plahie Asmnarked on Fig.

evi ce based on a so-called cross point structure. The

”‘FF\& Lg)?\é'r %ﬁrffagggl gSG(‘a\)\Pofﬂﬁé%Jlﬂ Ile 64,!tAE portion of the upper

rroel tric 1 arfranged touching each other

f

V\}SOrF(H g% ﬁqugggﬁg@ﬁﬁ% rgglggs é&gf‘erfa?ﬁfﬁétb\fe\é‘ﬁ T’%’c_;e%er
. I nes .65

Préftulsa i Tamotabartg, Sodipeifedowst aurf?‘ﬁ%?ef g e%(afﬁ of the
outer surface of the other of the ferroel ectric
bitdiperGs, dhe pedian fthe lower wapbling 08 faging it anééh%éerr%electr'c
el ectrically connected by an interconnection 62.
niterieldn hetweemotopethesebastitute alsegend fatocapaciipr. Bothdbese
64 transverse to the word |lines 65. Each nenory cell

férfocdpdditers é‘ﬁeﬂNﬁI@iﬁtth@'ﬂegbn oharkedfbytdriréletor! Fige6(B4Information
W th one of the pairs word lines 65. A portion of

c‘aﬂeo\&&%étfﬁw%w 1 d+9'ca9 bgrqpp rﬁn%'aﬂ O@mcatgggerov%aqy%érshan the

on

SRR i gL (PR pidto an
R A T SO ey .
memolrygcell so its fabrication process is easier than the structures of Figs. 1, 2
and 4.

Note that the number of capacitor layers can be increased by increasing the
number of ferroelectric layers. Each ferroelectric layer would have parallel bit
lines located on one of its sides, and parallel word lines on the other. The word
lines adjacent different ferroelectric layers would be in register with each other,
as would the bit lines adjacent different ferroelectric layers. Thus, each memory
cell includes a number of capacitors which is equal to the number of
ferroelectric layers.

Fig. 7 shows a fourth embodiment of the invention which is a variation of the
third embodiment. Elements having the same meaning as in Fig. 6 are given the

same reference numerals. In contrast to the third embodiment, an additional
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6(b). The upper surface (in Fig. 6(a)) of the bit line
64, the portion of the upper 5 word line 65 facing it,
and the ferroelectric material in between, together
constitute a first ferrocapacitor. Simlarly, the

| ower surface (in Fig. 6(a)) of the bit line 64, the
portion of the lower word Iipne 65 facing it, and the
ferroelectric material in between, together

isotation layer? hislocated b@twe@aatba@diaﬂent papacitaigslasulation layers
ferrocapacitors are within the region nmarked by a

ace coheerventrin gasé (o usingéalventtto coat a femaeleetrictlayernl They
this menory cell by applying an electric field (E)

préVedt dahitje dfitBe |apsHdetnéathlwhilfthe Upper telerds fatsricated. An
Iayer (Ec) between the pair of word lines 65 and the

njiﬂrgahl'c;r?ﬁal%ﬁa[ such a§S T?ES? an Ui‘ééﬁlé’fﬁé’t@ﬁb‘lr\ﬁhi@ﬁ%é%q{ot dissolve

urre a transistor or each menory cell, so it

|r||:ﬁbe écﬁ?érl\tgﬂ‘.egf @? 288%5 Rﬁfei}q%ﬁe({tpﬂ;éé/% n%.ﬁalgébgé 'fgretﬁe(?éolatlon

CaDa‘E'mé olatEi Bupeah Afeo i BiRESS hale s P TReltstodd of below

ger woul d have parallel bit Ilines |ocated on one of
th@ itdinBes, and parallel word lines on the other. The
word |ines adjacent different ferroelectric |ayers

Rign 8 shdwes an eqeavalentrcirouitidiagram for ke meraeryvealisdftfigs. 6 and
bit lines adjacent different ferroelectric |ayers.

Figus, TRafrotapaciyors Airé @hdrked @ls\ 85 $ andraéger of
capacitors which is equal to the nunber of

Ff|§.r§ ﬁgéfp%tn'h'\&té V\Eﬁs cgfr@arlﬁ g | s&r&&? rlécﬂ)@ rffﬁ’%’c%tgﬁém loops

I'nventi on I ch |on 0

arg SRl eﬁ@&%eh%éhg&r%tﬁﬁeéﬁ@% R ”ﬁgeaémhf’ef loop s

rﬁgansfurrgg tbettveeér? ?hef g ectrodes %ﬂlandnéS 11n Fags]I dé ! Indn t%us represents

results for a single layer structure, essentially equivalent to the a known
capacitor having a single layer structure. The larger loop is observed between
the electrodes 64 and 65. Fig. 9 indicates that by using a structure with multiple
layers, the memorized polarization (i.e. the polarization at the electric field of
zero MV/m) can be multiplied proportionally to the number of ferroelectric layers.
Although only four embodiments of the invention have been described in detail
here, many variations are possible within the scope of the invention.

For example, while in Figs. 2 and 4 the same dielectric material is shown as
winding continuously through all the capacitor structure, alternatively different
insulating materials could be used to form different insulating parts of the
capacitor structure. For example, in Fig. 4 it is not necessary that the insulating

material which is laterally to the sides of the electrodes 33, 34, 35 (i.e. at the
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isolation layer 71 is |ocated between the adjacent
capacitors. Insulation |layers are convenient in case
of using solvent to coat a ferroelectric |layer. They
prevent damage of the |ayer underneath while the upper
| ayer is fabricated. An inorganic material such as

Si 02 or an organic material which does not dissolve 5
in the solvent used for coating of ferroelectric |la
sepesheighbakovethe substrate 4iasoene pbihereleqtiedess38.a34, 036\/) is the
| ayer can al so be placed above the bit line instead of
saaieoferraehectiic maternial. astihgt whichhis lscated bgtween pairs of those
circuit diagramfor the nmenory cells of Figs. 6 and

diedrodés. [Msorhefabheativei teehniqaes thatwe diffesetsektions of
65-2. io Fig. 9 is experinental results conparing two

inS{FAtHE Haterid] PRy bé fnvéd at &ig@%ﬂt@iﬁﬁb% a‘ﬁ%rlﬁ tﬁl@tc%'sﬁeﬁjmay be

usi ng a evice as Il USt rate Fi gs

c%ﬂ%ﬂgéh&{ool?é’elzbﬁfer%ﬁ%&%‘?ghsbﬁtt%%érgﬁ Ea'b‘?%ﬁ&‘?' gi%ep;‘&

us re resen resul

S|n | aye ess nti al alent to.the
R Auther Xeinae otiehs raPESEeh afersior s abpys amiimdits are
er loogp is observed between is the electrodes 64
sauba a@yallrﬂgt angd jminedaee of the sulstigte syrfacetthednygndion is not
wth multiple Ilayers, the nenorized polarization
limited. intthis rpspecti eithier,candhit wawdd bé @ossibte fa pilodlucé anzer o
M/ m can be nultiplied proportionally to the nunber

embddimenewhidh eembitierthe préddr dmantionwitH e concept of a
enbodi nents of the invention have been described in

thPIcARY ¢ PB@E@(M fFPWnc‘ﬁ%hﬁl%éj atitd E%%?é g Vﬁsﬁ‘ﬁ’gk@d Bkl more

scope o e invention or exa In Figs.

st TR BB AE BT, C2pacitor

structure, alternatively different insulating
materials could be used to formdifferent insulating
parts of the
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capaci tor structure. For example, in Fig. 4 it is not
necessary that the insulating material which is
laterally to the sides of the el ectrodes 33, 34, 35
(i.e. at the 11 sanme hei ght above the substrate 7 as
one of the electrodes 33, 34, 35) is the sane
ferroelectric material as tha which is |ocated

bet ween pairs of those electrodes. In sone
fabrication techniques the two different sections of
insulating material may be forned at different tines,

Glaichs n this case it may be 5 convenient to use

different materials in the different fabrication
3t epPA midndryfdévideesorapasing @ plotdiiey dhee cell9redchy@emory
of the above enbodi nents are substantially flat and

:cg"?{ih?“&f‘?%éé{?étaﬁs yastd RhGingur face, the invention

In t I's respectl either, and it woul d

' ﬁep%?i%%ﬁ?h@%v%%@%a %d‘?%}@?%gﬁg %&P“*ﬂ#é‘”"@g B diéigctrc
e cuBereB G rrl o lafiredis (ﬁb;e SRS Bhoyg8rthe pair

formed in the substrate 12 Clalms . A nmenory
defieleetredafofare a geepestive gRPaGIHasT rrermry cells, each
menory cell including a capacitor structure having: 5

at | dhscapacitars bieingkeohrdated etedtrically impathliepta each other.
pai rwi se by dielectric material, whereby each pair of
el ectrodes and the dielectric between the pair of

el ect rodes forma respective capacitor; the capacitors

9\ FRIMGS R S&4drHing!thidif PR hlcH thbigRERic material

ot he
between the pairs of electrodes is ferroelectric material.

3. A memory device according to claim 1 or claim 2 in which each memory
cell further comprises a transistor having inputs for receiving a test signal and
a control signal, the transistor being configured to apply the test signal to the

capacitor structure according to the voltage of the control signal.

4. A memory device according to claim 2 which comprises at least two
sheets of ferroelectric material arranged in a face-to-face configuration, a
plurality of word lines and bit lines extending across the sheets and each
memory cell being located at an intersection of one or more of the word lines
with one or more of the bit lines, said electrodes of the capacitor structure

being portions of the word lines and bit lines.



10 2. A nmenory device according to claim1 in which
the dielectric material between the pairs of

el ectrodes is ferroelectric material. 3. A nenory

devi ce according to claim1 or claim2 in which each
menory cell further conprises a transistor having
inputs for receiving a test $tgnal and 15 a contro
signal, the transistor being configured to ap

t®st ASF@H%FPMQ?V{Q?@CC@&‘H}QG@ claigk4 leWU\CB the @Bﬁ@tsn@f fﬁU oelectric
the voltage of the control signal. 4. A nenory device
avatarial ate separatechby antisalation h?me'r.s es at |least two
sheets of ferroelectric material arranged in a
face-to-face configuration, a 20 plurality of word
lines and bit |ines extending across the sheets and
each nenory cell being |ocated at an intersection of
one or nore of the word lines wth one or nore of the
bit Iines, said electrodes of the capacitor structure
bei ng portions of the word lines and bit lines. 13 5.
A nmenory device according to claim4 in which the
sheets of ferroelectric naterial are separated by an
i solation |ayer.



