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1 Memory device which comprises a multi-layer capacitor Field of the
invention The present invention relates to a memory devices. In particular,
the present s invention relates to memory device having a capacitor
structure. Background of the invention The capacity of semiconductor
memory devices such as Dynamic Randpm Access Memory (DRAM) or
Statlc Random Access Memory (SRAM) IS to increasing steadily following
= R d BR#CHeE on a chip
doubles every 18 months Manufacturers are maklng 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,
1t & in reliable data retrieval large capacitance is
quired. 15 One solution is to form a deep trench on a silicon substrate
f A Riswerbaveaiiapitsiater & mamos farsasednamgicidar, the present
F)\ﬁgo tlonal to the capacitance, is increased. This structure is illustrated
HRG Sy Eie ARG E LIRS R ANAG AR B SRR PRI o) A
transistor (the region marked generally as 1) is 20 formed on a substrate 7
Wlth two of |ts terminals connected respectively to a word line 5 and a bit
ermlnal of the transistor is electrically connected to an
i a pair of electrodes 2,3 sandwiching a

qjﬁl tric | ¥ The elegtrodes 2, 3, expend over the surfaces 2
capacity of semiconductor meémory devices such as Dynamic Random

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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of a trench in the substrate 5. Unfortunately, this structure requires a
complicated fabrication process that pushes up its production cost. In
separate developments, ferroelectric random access memory (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 maintain the
stored data, it is suitable for use in passive devices, such as RF tags or

@ 84ra8ch wikbreswhsiiate Selledoriseatsiy thils fitruofardereoelieetria

material and a pair of electrodes which are located respectively on the top

SR BbeRIeCstbacation Tuasg Fehaemtshieship filspintbuniEmtiondststored

as a direction of polarization induced in the ferroelectric film. The

ferroelectric material itself may be organic or inorganic. In general,

organic ferroelectric materials have the advantages of easier fabrication
dhdSRaBindREIeR e SRdGErO BleGiEm ERRIR BoRNAFOMEMorydRRRAM) is
material is not as large as that of inorganic material, so the readout 15
SIS R RR N HZRSh P GeHAIB RRRARINAS MEPEE GigvarRkigE0Iss @ its non-
%fain mare reliable data retrieval. Summary of the Invention The present
¥ahlih SRRt BrAdPhERAHRE BBXTEISABIR RYWRN ieemaintainyisesipred data,

terms, the present invention proposes a memory device comprising

B UHPEIR SR A DRSS A Gtk DG BEcs s AE4A apide. A single
airwise bg dielectric material, so that the pairs of electrodes form
SR EEUGRNSHSHS |§f/é‘r£h iR RO slettn rmateda e anpinof

rallel to each other. 3 The invention may make it possible to store a
%?FQ%FO%BH%’B? a{gr&c%f&d respectively )cgn the toppand bottom surfaces of

said ferroelectric thin film. Information is stored as a direction of polarization
induced in the ferroelectric film. The ferroelectric material itself may be organic
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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dipole) per unit area than a memory cell having only one capacitor.
Accordingly, it may enhance the readout signal. In one form of the
invention, the dielectric material is a ferroelectric material, so 5 that each
of the capacitors is a ferroelectric capacitor. The memory device may be
of the type in which each memory cell cgmprises a transistor having
inputs for receiving a test signal and a control signal, so that transistor
applis¥entaadnaymapte tihoeaphiate sterenardaagesminguotthbchatggéor
of the control signal. io Alternatively, the memory device may have a
dinelRireeivEt peAt hrncturecMonieH travineranlidobi hags diomdeeesdingly,
play a role as electrodes. In this case, the memory device includes at ‘
leaEtwBhGAd e errsaEtfignahterial arranged in a face-to-face
configuration. Each sheet of ferroelectric material is between a set of
NoragifELRhthe & wHicdRe shelecick malesial delrifermelautitraatayial, so
an jntersection between the word lines and the bit lines. Optionally, the
Ui qach itleIceRROTRIS IR iRlosiestin RRRA B{Pan isolation layer.
ﬁ)[‘ief description of the drawings 20 Preferred features of the invention

P DR OSBRI R CLRE HPRILCHENGH EAR) MeNTIeRuelbeamprises a
he follow'\[}]&fi ures in which: 4 Fig. 1 is composed of Figs. 1(a) and 1(b),
lifheis {RRYSTQERRARAIRE AiesteiRAbRORA 6PRlEgnabSa that

RAM memohy cell structure . .
ransistor applies the test signal to the capacitor structure according to the

voltage of the control signal.

Alternatively, the memory device may have a so-called cross point structure, in
which the word and bit 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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which has a trenched capacitor, and an equivalent circuit; Fig. 2 is a

schematic cross-sectional view of a memory cell which is a 5 first

embodiment of the invention comprising four layers of capacitors; Fig. 3

shows an equivalent circuit to the memory cell of Fig. 2; Fig. 4 is a

schematic cross-sectional view of a memory cell which is a second

embodiment of the invention comprising two capacitor layers; Fig. 5

shows B9 el ifpvemmperedioioiss. MémaEnctalt mibich ae Fasmsotingl &

composed of Figs. 6(a) and 6(b), shows schematically a third

sRhsoRRtie st esthee orieNhRiAis aseiineatio sk ongaieviceell structure

having cross point memory cells; Fig. 7 shows a fourth embodiment of

YRiORIBRRIR HRRTOS IRAIRAC IR B 2N BOISRIRS RiRRAL15 Fig. 8 shows

an equjvalent circuit diagram of the memory cells of Figs. 6 and Fig. 7;

and Fid.'® <hisuR SGRmain siPRssBRstionabaiavy of argrmeyricedpabi is a
tructure with a multilayer structure which is an embodiment of the

THGb AR CHSRE ekt B AT BIOSFERAFRCLIRO RSl 20 PaTERTA

firstly to Figure 2, a memory cell which is a first embodiment of the

inventiblis SRR RAAHCIR! ElEHENE BRRBRSTaR el Qi 2

identical.to those o&the structure of Fig. 1 are given the same reference

numeral¥ 1 'Béhtid ?'98%'@Pi?%ﬁéggﬁfrﬁ?@ﬁ’éﬁ/@"&éﬁaﬁ:%‘?mé@éﬂéﬂmﬁhiS a
Siusiye havig, o mutil clecically noulated conductive stuctures

Fig. 5 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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a dielectric layer 27. The conductive structure 23 consists of three

electrode layers, vertically disposed one above the other, and electrically

connected to each other by a vertically extending conductive wall portion

28. The conductive structure 25 consists of two electrode layers

electrically connected to each other 5 bysa conductive wall portion 29. The

electrode layers of the conductive structures 23, 25 are interleaved with

Sadieleeisic kyeiat eadheponotvbinic sl cidjac2Bioslesistelefldysse frosode

a capacitor. Thus, there are effectively four capacitor, where each

RRIStyeEtrRivsisPasRiruTe RRE YR SR pited apdre by ticeihsolatoected to

layer which is a portion of the dielectric layer 27. The electrodes are 10

&Hhertbardne mutsiicalnstaadings; ouduetiveanalbp dotiona28st Bidoeenductive

parallel capacitors. Each capacitor may be considered as a capacitor

SYEFBmpRSRGSiEtE obe plaabads éﬂ@tﬁ ghecsliseliy g nhstedctioaash other

ielectric directly above it, and the lower portion of the electrode directly

REMAAKBVRIEROE PR P nicherRirstias adaniars\wf ieoeandostivse

used for the 15 electrode layers of the conductive structures 23, 25. A

EHAIGRHch PRSEE [AFGEPRTEE ik @Afipthaichoathahessopaingfivertically

Slaétable for use as the dielectric layer 27. Fig. 3 shows the equivalent

AHURRT0 S HOSARYEE LRI BARRS IR Shatacdharrarsmaiifassiaely four
severalttime%the capﬁgcitance can be obtained in 20 comparison with a

CROEH AnMA Y SRR CapaatiisoraigtsrAl 3 Raireiaiedmirranases apart by
achieva I%e WithOU&ﬁwdf-ﬁep trench. The writing and reading processes are

e '05H18 Q5 FRESESHVER B -PBIRAROTHRE RIRR IS RIS i s RIRsiades are
When iqfo&mﬁ\tion "1" is intended to be

connected alternately by the walls 28, 29, so that they form a set of four parallel
capacitors. Each capacitor may be considered as a capacitor layer comprising:
the upper portion of one of the electrodes, the section of dielectric directly
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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stored in a memory cell, a voltage of "high" level is applied to both the 6
corresponding word line 5 and bit line 6. By this operation, a positive

charge is stored in all the parallel capacitors. When information "0" is

intended to be stored, a voltage of "high"” level is applied to the word line

5 and a voltage of "low" level is applied o the bit line 6. By this operation,

any charge in the parallel capacitors is discharged. The reading
proceshradingsvolibiise IbthadibibimatioBytiresddpahatioenaopp sitivésciidrge is
a current induced by a discharge of the parallel capacitors is detected on
ersit linelb haineeahe) o knatitoisa g he naptisd atiahe Wosdititen8 ethtbabe

low level voltage is applied to the bit line 6. If the information stored in the
ieraoracelieg® ohbiglvrégias imanedadotiebia lime &wahitbaavaiage of
level voltage is applied to the word line 5 and a low level voltage is
appiicg 6! tseapilied ©. MetbitHmake Buriecorcapasitanayargenotthe
limited to four. As long as there are at least two capacitor layers, there is
AAleb s3Ik pdeitineRaERfarkie et eaRECGEH WiRid agfrlaws. If the
layer which is proportional to the number of 15 capacitor layers. Figure 4

S OIRAERMGIORSbEREIENRTBRIMGE hig monP dali@ e HGe @ Rk éogligcharge of

-embodiment of the invention. Elements of the structure of Fig. 2 identical

therrssalist gapasietans setssiedrRNgRRPHI sMehierehigh Aevsbiabiage is
In this case, the capacitor structure comprises a first conductive structure
RS0 SNECHSER 135cr2ns] SAUbIRREIBPR ForRl SHLIPPRIGH bFe 6. I
dheanprmaton Stored T the matmons coll & 0 n6 Surfont 15 InaUGed on the bit
line 6 while a high level voltage is applied to the word line 5 and a low level
voltage is applied to the bit line 6.

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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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, 7 each being a ferrocapacitor. The

ferroelectric layers 34, 37 are part of a single ferroelectric body having a

folded configuration. A copolymer of vinylidenefluoride and

a#obeinbysciesrRQIPEINFE)) eftarenataptdcitay essitdb|d hraefarfaftasingle

ferroelectric layers 34, 37, or alternatively PbZrTiO3 (PZT) or

BBz ESBTYaviNg ddoldribeB3figura®ard cerpeyaeaittrnately

so that they form a set of parallel capacitors. When a certain electric field

vy lidestieiide @ egdrifive rathyieme (EHYEETE matépnbioymse, is a

applied between the two conductive structures, alternate polarization is

Mdatde B tHERLohBderPalesiicHgyYarsFiy S Ehowa taTeaiNeardnpZrTiO;

circuit to Fig. 4. By utilizing this 10 structure, the effective area of the

(R eTRaBIsts (B pI O BIR R 33 cade W0 FcPAMERE EcoApnately

a single flat ferrocapacitor, and so the readout signal is enhanced. The

s Ry Bt aidAer)gleaR asiiovss. \inen & cartain riostris field (E)
ositive electric field (E) which is higher than the coercive field of the 15

a5 AN PARFFIESe RIGGPIRR (PEISISRES bRAIREN (6)dsRARIRF between

structures, the spontaneous polarization in the ferroelectric thin films 34,

§7 e GrRARNG SRR e Spitt alecariaigtisn ip fdusrs dgehevie by the

"1". On the other_hand, when a negative field (-E) stronger than -Ec is i
ggﬂy&lﬂ_g}gé.fig. 5 shows an eguwalent circuit to Fig. 4. By utilizing this

structure, the effective area of the surface electrodes is multiplied compared to
a case in which there is only a single flat ferrocapacitor, and so the readout
signal is enhanced.

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| >
|Ecl), 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



10

15

20

~Ecj), the spontaneous polarization aligns with the negative direction,

which is zo opposite to the direction associated with state "I". 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. Syppose that the information "1" has
been stored in the memory cell. When a negative field -E is applied
dJetirodnsindhelsetioties iigldtie\wisandie R rvaresus delssiraiirpust this
polarization. At this time, electric displacement current caused by the
tiomrilatbicrdigniesaraaBewhrvey SRty Bainatatkation WySgaugan be
of electrodes. If the electric displacement current is observed, it is
QoPrivedceniiae teadeHariiad o aim Fous af elesiodaspidbarriedsc
information "0" had been stored in the memory cell. In that case, when
dirplesganoatiriarentiiaobspned bitisconHteiRe hrlips stuiediptpsg ation
the spontaneous polarization would not have been reversed by the field
waspdcabiewiripprie dhshihriniperalstidhie@hirenigagrd the memory
direction. Therefore, no electric displacement current can be observed 10
aelbdsctbristaseovhaIse gRINEiRkHsARPRRIRIPEINRRT B8 16
"0". The number of capacitor layers in the second embodiment is nat

GFRiteE &f BIRCHRS fondNes TRERLARSADIERAGTIBARI K YRS S B T Peen
improves the readout signal proportionally to the number of capacit ,
[By&rseRigy dhaRS alini 6 AHB B REPR B R R AFABAUAACH R ignted in the
ferroelectric is memory device based on a so-called cross tpoint structure.

TREANEH IR CHiice RIS AL SSRITE IR ASe TRk A TRk &g e Observed

arranged touching each other in , g
in case of state “0”. Thus, it Is determined whether the stored data is “1” or “0".

The number of capacitor layers in the second embodiment is not limited to two.
As long as there is more than one layer, this structure improves the readout
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 including only a single memory cell is shown in top view (i.e. looking



10

15

20

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 20 layers 61. Each pair of respective word lines

65 is electrically connected by an intercgnnection 62. Between the two
ferroelectric layers 61 are bit lines 64 transverse to the word lines 65.

et dsconerp tHs saetisebihidrsBigid(lof, onkicbfandifinials Sxowiimeosition
of the pairs of word lines 65. A portion of the structure including only a

sihiile kiklinerfEdwiidhowthin tep Wi (! bokimya vibgdridsendefwieen the
layers 61) in Fig. 6(b), which additionally shows the position of the bit line
@yw@miﬁtﬁi&@ HACIRSSIS peinnalMisvhindba blaneénAhanadagesson Fig.

61&.? Fig. 6(a) is a cross-sectional view in the plane A-A" marked on Fig.

6(B): The Upper swace (i Filg. @) sfteitiiied theeppriibaroefibe upper
upper 5 word line 65 facing it, and the ferroelectric material in between,
getiise &naring | metitifolrriestrisimaieratir weanriagsther

Fig. 6(a)) of the bit line 64, the portion of the lower word line 65 f.acin%ait,

sRASHE ferRdiiRictREORRRARHPH BETWAEY, thgdane coidaandia Sigop)) of the
ferrocapacitor. Both these ferrocapacitors are within the region marked by
Rithinr &h i Besyompirthadowss wardlngfedasinadimanioiyectarmplectric
applyi,ngtan electric field (E) larger than the coercive field of a ferroelectric
BE B bREMBRNNOBEINST Woratiinie B5esRNiHe BRIMRAGH]T Beth these
Ec). This structure does not require a transistor for each memory cell, so '
& Ta6ARAGIR SratR Ythin daf FRAION tRASIRERIf S WAtRoRN £ g B 4information
can be stored in this memory cell by applying an electric field (E) larger than the
coercive field of a ferroelectric layer (Ec) between the pair of word lines 65 and
the bit line 64 (i.e. E > Ec). This structure does not require a transistor for each
memory cell, 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 paraliel 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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15 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, agywould the bit lines adjacent

different ferroelectric layers. Thus, each memory 20 cell includes a
otz veiptiniecatrchtstape tbarrdingnbtrapaeirsaidasi aipsrdavers
Fig. 7 shows a fourth embodiment of the invention which is a variation of
are conreaiebbilifest SesieasHeemderoahRdaresifryiadanstigl ey

are given the same reference numerals. In contrast to the third ,
retRicRmean abiliedAueT orEeIRse ARl R tRRRERKER SPRated. An
‘adjacent capacitors. Insulation layers are convenient in case of using .
iserasticoeatar RtEYeBIasRPaydr APHIP NSRBI L UCSY Fa?ng‘SSO‘Ve
underneath while the upper layer is fabricated, An inor%a% ial su

o bie GRGA ARG Qe CREE o AN LIy Qe B oretion

used for coating of f lectric | is suitable f i i
oL PRSP AN 53 b8 B Cec ot 0 B N D IBa B g Delon

the bit line. Fig. 8 shows an equivalent circuit diagram for the memory
g@l?'@n"ﬁ?gs. 6 and Fig. 7. The ferrocapacitors are marked as 65-1 and

65-2. io Fig. 9 is experimental. ' i .
R e e e Bl b R
-gr?éjdmﬁw{gfgg SnaGTors Sre Manked 40 65 HRYERY: and 65-Lin g

Fig. 9 is experimental results comparing two hysteresis loops. In fact, both loops
were obtained using a device as illustrated in Figs. 6 to 8. The smaller loop is
measured between the electrodes 64 and 65-1 in Fig. 8, and thus 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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results for a single layer structure, essentially equivalent to the a known
capacitor having a single layer structure. The larger loop is observed

between is 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
spibediriehtabpiretitn cHbs favé Beandeidficcd asitedss Réra3dmany is the
variations are possible within the scope of the invention. 20 For example,
Wifﬁﬁ@@?@tﬁﬁm@tﬁéaﬁaﬁﬁé@éwgﬁb indesadet plvaeadalindhthose
continuously through all the capacitor structure, alternatively different
plsGiaaRgs A Seae debricaliarsirrtyigrasifierive idipsanyssstions ofe
capacitor structure. For example, in Fig. 4 it is not necessary that the
instiating mairial Wﬁ)ﬁl%efsf%@%l?ttéﬂﬁﬁ@’%m&m%hé@e‘&m&§%‘? §/may be
35 (i.e. at the 11 same height above the substrate 7 as aone of the
ERIN{RINRRIES, use dEfREeHeMaRRRR iRkl diitehpatbinhirigation WiseR is
located between pairs of those electrodes. In some fabrication techniques

i Ay Hife RASRE MAIGHhRRRR P dteRET RbINBARAMRBTPariBIRts are
times, and jn this case it may be 5 convenient to use different materials in

S ABHAN B ER6R LhgR'ane gkl SHBRURRS WS B ARYBREPN Is not
layers of the above embhodiments are substantially flat and in the plane of
TGS SRS SHOVaHHI N 15 RS 1S RSP e

ancbit would begﬁgssible to %ro%uce an embodiment which combines the
BrEBaM TR NHIGHANife RIS CRBPEPEAB RN Y BACRS: SANGRRICT 2

multi Iecfagacitor Ia¥ers ar sta?_ed one or_mO{e
trenched capacitor, 1n which multiple capacitor layers are stacked one or more

of the sides of a trench formed in the substrate.



10

15

of the sides of a trench formed in the substrate. LLOYD WISE 12 Claims
1. A memory device comprising a plurality of memory cells, each memory
cell including a capacitor structure having: 5 at least three stacked
electrodes, spaced apart pairwise by dielectric material, whereby each:LOYD WISE
pair of electrodes and the dielectric betWeen the pair of electrodes form a
g&ﬁ)ﬁ)gtive capacitor, the capacitors being connected electrically in parallel
other, wherein the dielectric material between the pairs of
electrodes is 10 ferroelectric material, and at least two sheets of
ferroelectric material are arranged in a face-to-face configuration, a

purality méfisgée%ig&ﬁ@g@ i Hnsmgﬁeg?ﬁ*éa@tg%?em% %e%ﬁg%tgagh%ge%ory

memory cel ocated at an Intersection of one or more of the wor

lipgs inm&ﬁﬂﬁ ardy %ﬁéﬂgﬁg&ﬂ@ﬁa@ﬂ% .electrodes of the 15 capacitor

structure being por?ions of the word Ilnes%(nd bit lines. 2. A memory
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material, whereby each pair of electrodes and the dielectric between the pair

of electrodes form a respective capacitor,

the capacitors being connected electrically in parallel to each other,

wherein the dielectric material between the pairs of electrodes is
ferroelectric material, and

at least two sheets of ferroelectric material are 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.

2. A memory device according to claim 1 in which the sheets of ferroelectric

material are separated by an isolation layer.



