28 NOVEMBER 2006 1 A nethod for making a ferroel ectric nmenor3s NQYEMBER 2006
ferroelectric nenory device, and a ferroelectric nenory device The present
i nvention concerns a nethod for making at | east one ferroelectric nenory
cell. 5 The present invention also concernsl a ferroelectric nmenory device
conprising ferroelectric nenory cells capable of storing data in either one
of at least two polarization states when no electric field is applied to
the menory cdl h&:thmﬂd‘oelmaki‘ng adierve¢lectni¢ memnvy cellcin a2 derxnelectsics at

| east one fe f nRSh delsed oel ectric thin film
and at 10 Ieaéie%hfftrd?twc et ana igfgqgéégén%lget oypfes?pece{l ve parallel

el ect rodes, ein the electrodes of the fir.st t rovi d

substantial |y g‘FtHTS@?JHdPVFEPQPF@H\GﬁV}? a %E‘Pfi fey H}f’?(rl gl‘%} ?gge egré)gg)%c&rlget
said first semmemédryseglond set of el ectrodes contacting ferroelectric menory
cells at opposite surfaces of said at | east one polyner ferroelectric

| ayer, angd mg*hr% eﬂl’g@éntl f32 anedlﬁd bShedt a%fro%@@am Iﬁe;mﬂ& Rivied ect rodes

are adapted t or Wwri erroelectric nmenory cells
appl yi ng appr cpmpatseng£emragb§tnlﬁém@ngw rlly eepaiie of ssoring d@F%é‘i FltbﬁI ppe of

pol ari zabl e g} gl 't\%}ﬂﬂ&ﬂ?ﬁ’ﬁéﬁ%ﬁlté‘é whasto El@%tn@%él!ih@bbﬁﬁb@&b@ﬂé ations of

t he spont aneous po ari zation vector 1 n the absence _ of an external
el ectrical fi&amonnheclis wherein th@f@p@ﬂ@aﬂ&m@wﬁq%% comprsestdedstnay be

swi tched betwgga t%ﬂ%%?ed?ﬁbq@&@ﬁ fd%ﬂfedbbfybﬁgy(ﬁ%ﬁéir rfeﬁoéle%mc tmeﬁlmrm ef f ect

exhibited by materials wth Such bi ates of mainent ri zatlon
can be ut@d i heastadisst apprnd atsesand sehet B‘fSRCHEVE(ﬂaé‘f‘]i ¢lglesirods a‘ﬁ' grejn the

consi dered t0eR&t@dedWheirsRet Afeephidid Rl AlttantifTy Orthd; on'ﬁlli')élﬁﬁbnshl
passi ve matri x-addressi ng rrermrg appl j cati olgs are | nEI errent | et gﬁg%%

two sets of pi® ¢ élecéfloéiéﬁr(lfd?@é 8l paig first set,a %ISFQIO‘P S‘étn brles

fag hi 03 : In 0'bgﬁfacftfhgcfe@ﬂieq?@tri@xh%h?br?fceﬁll:’s(h?et%p@@bﬁé%utfa;ébs Qﬁ?%ahﬁat least one
i ndi vi dua accessed el ectrica el ective ex i on

appropri at eyeIpQ m%g%rm?lﬁsmq ﬁ?é’eéé@éalﬁfﬁ‘ef?fé‘ Helfpstihe f15sh St a%‘? §860nd set
ferroelegsric olf%ll@ftr@desl Sreidaptetbtb rdel, wefosh be valirclerastdesteicsmemary cells
capacitor-1li k cture such. hat nMeno 30 cells are defined in the
ferroel ectri c pé’illl}"éllg wr\%é’ﬁ & NBlt@g‘aest{l%B@é’ crossings. Wien appl yi ng

potential differences between two el ectrodes, the ferroelectric material in
the cell is slisrrecientrice age cbdadrically pbd@n@ahlhurmateg@lﬁeﬂmmsaessmllaastztatq on
response geneg C LEesi

rans pui at (g e prirdthiuhs of (B8 sRoftkBuP boRurPRfildrP Peclof A" abs¥yce,
nmenory cel | c&hapeexternal |e&ccar1@ebﬁue1;h amignncwmcat the spantpaeeys/polagizationi ng of

20 vector may be switched between those orientations by an electric field. The
memory effect exhibited by materials with such bistable states of remanent
polarization can be used in memory applications. One of the polarization
states is considered to be a logic "1" and the other state a logic "0". Typical
passive matrix-addressing memory applications are implemented by letting

25 two sets of parallel electrodes cross each other, usually in an orthogonal
fashion, in order to create a matrix of cross-points that can be individually
accessed electrically by selective excitation of the appropriate electrodes
from the edge of the matrix. A layer of ferroelectric material is provided
between the electrode sets in a capacitor-like structure such that memory

30 cells are defined in the ferroelectric material between the electrode crossings.
When applying potential differences between two electrodes, the ferroelectric
material in the cell is subjected to an electric field which generates a
polarization response generally tracing a hysteresis curve or a portion
thereof. By manipulating the direction and the magnitude of the electric field,

35 the memory cell can be left in a desired logic state. The passive addressing of



28 NOVEMBER 2006 2 this type of arrangenent |eads to sinpli cd8NOFMBER 2006
manuf acture and allows a high density of cross-points or nenory cells.
Sputtering is a nethod comonly used for depositing different types of

| ayers in ferroelectric nenory devices. Thé& bottom and upper el ectrode sets
5 are often deposited by sputtering and sonetinmes the ferroelectric nenory
| ayer as well. Published International Patent l'ication No. WO 00/01000
(Hayashi & al this dype b6aemanghments deads to s:lm}xltctltyc@E manu faciyneand rlloagsca high

sputtering pr 88§§i§y %prcr&gse}%lnﬁggfe o an% pttom el ectrode made of e.g.

pl ati num A gas m-xture ei t her oxygen gas or nitrogen gas
10 is used. This reduces th unt of surface |rre uch sharp
hillocks and PERHETINS lﬁmwﬁwmyéﬁﬁggg ngﬂ ‘i'i‘{gf‘rfFah YAS qafsnprl nt
ChaLact eri S;I teirery\in Pf@rrbbl@bm@hﬁemet}aﬂk evieky. le\flopttohi and u\p!pbh etwtﬂaﬂemagg
such nethods on perovskite ferroelectric.ce

zirconium tifHnG Sn((%f?)mﬁﬁtiu iy I.mugteén\ge? B%IBSFIQ}GS eflcﬁ%el%%trlcarﬁgmif type
of problem 1515}@@(113 well b@ubdidhed dattrnanosald? atehb A ppdicatenador WO §00
devices with na per

el ectrode may %ﬁgé‘tﬂé%ﬂmgt@‘ﬁ féf%g[xrre@gc@ﬁr%}x&%%tﬁo&n%%%g&gt her
met hod for pspu'utdlmg prbeesspﬁmercreﬂtmg radeodth bodtpum redektradeSmadet afhe. gNo.

6, 359, 289 (Par 0s K ' n | t]

devi ce. - wher oPfn AUa S RuhDE R hde Yasar OB Erldi s of ot &8
evapor at Bl onioused. |1§<hasl réémc:asmﬂngrmnovmtl elysurfac irr¢gulatities rsach/ais,% sharp
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either side o I nsu I éf can a
magnet i zat i oncharasterissics, the therer arearelativedy ifewt probbeme iwith penfogming @uch

nonents, and ﬁgg}ﬁg@ygﬁt({e}hpﬁeﬁ Q,Eﬂ;rﬁér%@s]g@e ?@rré‘el’%eﬂ[lcy %Hé i é gf [egargldfi%@rﬁﬁ

nmenory. The insu %éf er 1s rimari I um and/ or
i ndi um oxi de titarrite (P )W\blmhtuswamwpomﬂar @&@@@tlo’le, nnotheaéypc od|prablesin can

form par h@@d? b GdPEsea! H{)Yv'e{?elt %rz rHéle@fn@ éﬁ&fﬁdé@%% ifipe

preferre odo preparing ga |umOX| e Is postg um from
an ef f usi on spglmena‘samerppéxmﬂi@rla @zéntegasg of tpuppex p ;gfpdgénéjé of

nore reactive source.
Fowever, the S?o A e R e e T R S

val ues, i.e. lftgjﬂiféllpb%rrﬂeéﬁoéﬁéii g‘}qlﬁé@({qht Theref ore, the solution
for thermally evaporatl ng gallium and/or indiumoxide or nitride does not
address the pithBI Ememltéé@rﬁ 3\5/9@8%{1%znkh1)dﬁscﬂmses thd makidg ofa @agnefposurred or

formed 03 an }l@rgc? dvl \gicgo\n)ﬁm?éml & it 1nsu1at1ng tunnel barrier is preferably thermally

evaporated onto a fixed ferromagnetic layer. Similar to the way ferroelectric
memory devices function, the two ferromagnetic layers on either side of the
insulating tunnel barrier can assume different magnetization directions, i.e. a
relative orientation of the magnetic moments, and consequently be operated

25 as a non-volatile random access memory. The insulating tunnel barrier is
primarily made of gallium and/or indium oxide or nitride. Additionally, an
oxide or nitride of aluminum can form part of the barrier material in the form
of an extra layer. The preferred method of preparing gallium oxide is by
depositing gallium from an effusion source in the presence of oxygen gas or

30 in the presence of more reactive oxygen provided by an atomic oxygen
source or other source. However, the problem addressed herein is that of high
resistance-area values, i.e. large tunnel barrier energy height. Therefore, the
solution for thermally evaporating gallium and/or indium oxide or nitride
does not address the problem present when electrode material shall be

35 deposited or formed on an underlying polymer layer.



28 NOVEMBER 2006 3 Further there is from EP patent applicati ShNRYEMBER 2808
Al (Puffmann, assigned to Rantron Int. Corp.) known a ferroelectric
capacitor for use in a ferroelectric nenory device. Generally this

publ i cation discloses a conposite bottom etectrode conprising an additional
| ayer of palladiumand a contact 5 |ayer of e.g. platinumnetal, or an alloy
of platinumand other netals. The ferroelectrig mem)%% mat er. | is here an

|
i nor gani ¢ nat &urther therg is|tzam EYinatenti annlicationaie. ¢p787 Qi 'w%ﬁnm,| - known

in the art. ThesibAB ¢ RAhA\A InONCHHE) RABAGI 4 CerdbEiRchrad chfaditof forlsk in a
conposite and consi st ,of platinumor _an elL)%)(R/ of P’l at.i nu nd other netals.
F seallpothfis PYRT]

As the ferroelf@dpeiestrigmemary davigs, Geg CAUPPAPIORES B COHIPASfCh
as PZT, ther mybtiont ergetdde ¢dhpribign@eaddnldhal @ ardfapaldatiuirhend aawessctf or
depositin -thﬁ topfel ect[@gde does ﬂOt co tltg[? a%[%rob(i]eﬁ} Thuts |b]_.|s a
primry obj ecla¥ qfigoplatmpm metalqran alloy ob plafinum and, e petaliy gy an
el ect roFIe : ay@“érrberecm@”cgmmto@ hmtinialaisflﬁerre@ﬁ! iﬁotga';r_ﬁcmatmri)al,degbd:@d 1E%ha3d

articul ar it is.an objec . present, 4 nvent.i 0, pF0v] de o
Por ki g an ArspBice BahRG %4 ] Bhith 5 Relk P ER i e P Sy oo RelTBhE
menory devi ce.onfBheropposéteade canlbardimilarly sompositg antl avhsistefipladanm or an
' ti t ' et hod . f d |t} .
uppor el ect r GOV AL RRYY RAd oZher FRERL AR i B RElRRERA by bR Al
ferroel etOri c i2a@npnbsgamic mratérial bech abP&dt, thérmaleingoagmtibilitw betwesm il8st o

I d f I ' ' : i.th t | th

provi e = 1t LRBERSLuhd (F R L RO RN b i s PRAL B PG yhoa e

advant ages ar eprobkeai.i zed according to the invention with a nethod which is
characterized by 25 conprising successive steps for (a) providing a

substrate congiisiings atprifast obfecRofihd pRIZchfUBfent{oh) taPprwiide AdmatHdd &dr
el ectrode adjacent to éalnd |BF<ionta t wth s ,,.and formng.said

d.substrate .
first el ectrod@@KiNgRNglCrEade 1ayer tI%?mOFSéﬁgirlS Hhé fgfrqe SFICTREMALY &EViss: de
layer; (¢3 pravidqiartcaldriy ftisfa@rsbjetest tHeCpresayeinvadiiaaaot ploviddd methednt act
with said first el ectrode, sal(eg feréﬁc/) | ectoric 30 Ige/equbel Eg]aa &gl mer
ferroel ectri c IPhIRKINE AN UpReT €d§Ctiods, fayieh Jonmemenycelly ure fegelesineent to
alnd in gont ac?]nemmlfy devidef Eveh Iﬁlsferp@{tmwﬂlﬁitl i@yaifobj@ﬁdofftl@clf préxgnsai d sec?)nd
el ectrode with at least one netal ,oxjde lLayer.and w at east. one neta
Cayer | ot act ndmSSHUPIL BT CE Aanerad g AHSiRE e kleby de metil faf dabper
chanber; for mehgteddd entot a oreosketadic mendery Rayer ibyhefem dif agfearaddectric
hi gh- pur&by e\f)%ﬁ)}pl{lg}ion source in an effusion cell, said effusion cell being

A further object of the present invention is to provide a ferroelectric memory
device made with the method according to the invention.

The above-mentioned objects as well as further features and advantages are
realized according to the invention with a method which is characterized by

25 comprising successive steps for (a) providing a substrate consisting at least
of a silicon layer; (b) providing a first electrode adjacent to and in contact
with said substrate, and forming said first electrode with at least one metal
layer and at least one metal oxide layer; (¢) providing a first ferroelectric
layer adjacent to and in contact with said first electrode, said ferroelectric

30 layer being a polymer ferroelectric thin film; and (d) providing a second
electrode adjacent to and in contact with said first ferroelectric layer, and
forming said second electrode with at least one metal oxide layer and with at
least one metal layer, placing said substrate with layers formed thereon in a
vacuum chamber; forming at least one metal oxide layer by providing a

35 high-purity evaporation source in an effusion cell, said effusion cell being



28 NOVEMBER 2006 4 provided in said vacuum chanber, and evapfMOYEFMBER 2006
thermally said high-purity evaporation source fromsaid effusion cell onto
the surface of said ferroelectric |layer while supplying a working gas at a
first gas pressure, reducing the gas pressbtre and formng said at |east one
metal |ayer by 5 evaporating thermally said high-purity evaporation source
fromsaid effusion cell onto the surface of said at | east one netal oxjde

| ayer whil e mprevidediingaidiveewwnchyaebess asd gvaporgimgtherawlly sadd digh-purity

el ectrode is @9%61%?%@5‘31&8@'ﬁoﬁl%al(ﬁ@ﬂ“u'sfbrp@é'll dfto vné &lﬁawofeardoel ectric
| ayer. Preferab substrate conpri,ses a si.licon dioxide |ayer on top of

the 10 silicéerrpelgstric mysrayhile y‘iupﬁb’“hg grv piking as\ad égtt EHYHE: i s

hi gh-purity tIré&tiulﬁg\thglgraafiﬁéssu@é@harfahwnglsalkieﬁ%agr@&ﬁwl 1Iawfeb of the
second electrode is a | gl Ci r}lum and the ar | east e nmet éfXLde
By i‘ég

| ayer of ?he §¥éBWd’t’élge -PYFity e éﬂ‘i”iﬁ’ﬁio&@%ce FREm UsiHe
and a conbi natceAMb thé tsﬁflfa@m@@a@@ aBl¥hst dhe hiétéhb)dfﬂedllagét gehildPmeistadiihy t he

wor ki ng gas i s oxy as or a gas xture of at as en

ni trogen gas. aISﬁCP%g gagtpcr@?‘sqfﬁsg’% F@yo%géﬁc% SR etﬁtlé'g’VF‘éggaajﬁﬁﬁnt ¥
by volunme of Ghg inwokitatd WiRE said féfreelRctriopsergas nore than 50% by vol une
of the working gas and preferably the oxygen gas then constitutes 15 20 to

25% of the WO'ﬁféfkq%glﬁsth%ysu‘ﬁ%rgf@c%rﬁg\‘i%g%ﬁ%‘?ﬂb‘éﬂ ﬁ dﬁ;ﬁﬂe%ﬁen% oc‘;%'B? th@ the

vacuum chanber IS torr ant ageous he ef f usi on
cel | comp®i sesilicasy layebl e nade of carbon in its graphite forrn and the
cruci ble can then preferably be heated to between 25 1600 and 1900C duri ng

the thermal e\P@@ﬁ:fr@bllyOﬂheQﬁght;mﬂﬂuygdwwaﬂiun @éur@vlaﬂnghtpmysmmmmn Rurther

pr ef erabl e enmbod %ma@y 633 cordi ng t t.he in gﬁg{lon ri sgs adq|t|0n€ st eps
For (e) form Bieleray ddeataremelslday et ik 1669 ngre Beugis itp 1ayerohel ectr i o
thin film ﬁaltdaxfule;m @ﬁﬂghé rak ¢edsa ok Ihenajhgx[xle)myde@faﬂg: aeemd *eb:doamﬂe?eolayer
contact with a ectrode, fqrnmed as,.in. Rrovi

el ectrode com?&l itﬁ?ﬂ‘é“%toxll%eastﬂtaBHﬁnr%?ﬁ’I&el adﬁfi? Cﬁmi’ éfmé 1t3ﬂ8"?ré’?‘é$e 8l de

| ayer byl1$§her thnievaddseitdeon, said el ectrode oxi de being prow ded adj acent
to and in contact with said ferroelectric layer fornmed at the step (e); (9)

T\IOOE/E‘NEERG‘ZS'O?P‘?SF&AGI}" HeSRbAURE L3NS oxyBA gab o? ap&d RGkiure JTBHtakAR 0:84dn28
gas or nitrogen gas. In the latter case the oxygen gas constitutes less than
50% by volume of the working gas and the nitrogen gas more than 50% by
volume of the working gas and preferably the oxygen gas then constitutes 15

20 to 25% of the working gas by volume.

Advantageously the gas pressure in the vacuum chamber is between —10° and
~10° torr.

Advantageously the effusion cell comprises a crucible made of carbon in its
graphite form, and the crucible can then preferably be heated to between

25 1600 and 1900°C during the thermal evaporation of the high-purity of
evaporation source.

A preferable embodiment according to the invention comprises additional
steps for (e) forming a ferroelectric layer consisting of a polymer
ferroelectric thin film, said ferroelectric layer being provided adjacent to and

30 in contact with an electrode formed as in the step (d); (f) providing an
electrode comprising at least one metal layer and at least one metal oxide
layer by thermal evaporation, said electrode oxide being provided adjacent to
and in contact with said ferroelectric layer formed at the step (e); (g)
forming a dielectric interlayer consisting of a dielectric material and



5 provided adjacent to and in contact with said el ectrode for#fNOEMBER2USE,,
(f); and (h) providing additional electrodes, ferroelectric |ayers and
dielectric |layers by repeating steps simlar to steps (b) through (g) at

| east once, such that a stacked structure df at least four ferroelectric
menory cells is made. 5 In this connection it is preferred that step (h) is
performed thrice, such that the stacked structure is made with eight

ferroel ectri cprevided ashacentda@nd; ipegansael withrsaid lecarpiepiormad althecsten si ng

a step for (i )anHr(ﬁ)(iR%miﬁ%aHHitidrﬁﬂ'?:‘lé"bt%&%’E &6 ILRIRE 15 c9 adll dieRgtrione
nmetal oxide |layer and at |

_east one tal layer, said thirteenth el ectrpde
bei ng el ectri dayary bygishestieg qupsa%lmqﬁaééf’ St‘il{? {%Emu&lh.ég)oﬁthléﬁs%?%‘iﬁ’ EHG&S:
The i nventi on(RdtSPst@RREEsRMchurk I Agkatfous feRbBlettde M&RoeNaE RS iemaded in
that said first set of electrodes conprises at |east one netal |ayer and at

| | i de | .. :Saj ' ' |.ded
b acent To o IndbR st i Bheidithal fedhy iy PEHGRALH ftgOsRUPHASH,
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Cecond st of 'GFD PBGIBREE and BYTuARLCSarRRN p 0% IR ) pPiLEMNR @ T 50 ¢

second set of i ng provi _ contatt with a
ferroel ectri cthizmjeenth atatttdeet cempuisingeaidiedsisenc nfetal exideddyer ard pbleastionn a

vacuum chanbe : : rad d ' ' SRRt SRULEE
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provi di n§0a wiwki algthgaathar elactegsissti vely a first and a second gas pressure.
In a preferred enbodi nent the ferroelectric nenory device conprises three
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ferroelectric _ ) _ )
evaporating a high-purity evaporation source from an effusion cell onto the

20 surface of said ferroelectric layer while providing a working gas at
respectively a first and a second gas pressure.

In a preferred embodiment the ferroelectric memory device comprises three
or more set of electrodes and at least two ferroelectric layers each set of
electrodes being provided adjacent to and in contact with at least one

25 ferroelectric layer and each ferroelectric layer being provided between and in
contact with two sets of electrodes.

The present invention shall now be explained in greater detail by means of a
discussion of exemplary embodiments thereof and in conjunction with the
appended drawing figures, of which

30 fig. 1 shows a schematic hysteresis curve of a ferroelectric memory material;

fig. 2a schematically a principle for a passive matrix-addressing device with
orthogonally crossing first and second electrodes provided in parallel in
respective electrode sets;



materi al provided between the crossing el ectrodes; fig. 3 a bRNRVEMBER 94Sof
a nenory device according to a preferred enbodinent of the invention; 5
fig. 4 schematically a partial cross section of an effusion cell as used
with an enbodi nent of the nethod accordingdto the invention; fig. 5
schematically a cross section of a ferroelectric nmenory cell as used wth
an enbodi nent of the nenory device according to the invention; and fig. 6
schemat i cal | y fig. @bothe desdee om fig. Zaowithonemiosy celp coamuisingdermoedecfricel i s 10

in another enmbodipBNhrARARH He@ebR thderdsIufNElcRfrodBsf ore the present
invention is explained with reference to preferred enbodinents a brief

review of its _gener agkground.shall be.given wt articw ar .reference
to the structﬁ?ger}’o?%h%a? ﬁ;@%gaﬁlrggggyﬁrgmfyefi%gp@gpp{%ngﬁg%p{efgrrg d how t hey
general | y are eatbdisrsd ofahe igeeltivn; 15 Fig. 1 shows a hysteresis curve 100
for a ferroelectric material. Here the polarization Pis rendered as a

function gf t .V@§5l%9§atYCaliEht§ pAPFAL Lb8s Sé@tg(% of igﬁ%f%?éi@iéig%ﬂt aPfisdPwidna ed

by Ps and 't he gatlve saturation polarization by -Ps. and - PR denot e
respectivel y tembosisient o thedethegaccoedingiaibainyenti®nization, i.e. the two
per manent pol arization states 20 which can be present in a ferroelectric
menory cell afig vhicengaticdily a<eoss fetionepll #femoelegtiiogiemody cell a$@iseds i s

vor tage. 111 S alcerREfony i RERPYGRY bR BRTAI ARRpLYR 88T ' v©

function of voltage, is this based on  practical considerations. Generally
vol t age coul d fig eqpaidcally aies0ss sestionco DU staekest FesrRplBCtElame My Aally

&
general | ypshaliy arandbrEﬁn%ﬂiirﬁéﬁ Jc%%m%it\s%x in¢8AP6E. the positive and the
negative coercive field strength for the ferroelectric material. The

vol tage can t be cal cul ated by. mul tiplying t leld strength with the
Uhi chiness of - tdoreHToBief} fitvaliph isi o1 ingabitf relerfaf 1 PEORFTRAN.
saturati on poleatbadivems aPricfi@vids ofiitd gdreral backgrduadchaBtbd givenawithnor y
cell is subjected tQ.r | ye ' 1 Lchi t -Vs

whi ch exceed ;Paétg%‘ﬂ@lf6§Ff’3§‘|§§eag°el"{?cﬂ?‘gastgg%9 ;fﬁﬁee}tt@x:%ﬂ?r\égéabggg‘grrgg?ec?ﬂg appl i ed
el ectric fiel dnémoriesmandchow likey generallycanei asldressedi fair readéut: el ax and return
to respectively one of the two remanent polarization states PR and - PR,

herein aljso rengdefqfods 4 ﬁgm%éigf@hm 160 P& AtSrrddR i€ midtérial HBR the
hysteresis 28 EMBER 200 7

direction, e.@olanizaHamE lﬁéﬁﬁﬂ%ﬁ%ﬁr%&f&ég’%ﬂggﬂg Yéggggg}gﬁﬂ%g&ﬁ{‘]’flo, t akes
pl ace by appl ghfiffafloN§4AAti¥4ti6h 8 HEASteli8l By and the negative saturation
polarization by —Pg. Py and —Py denote respectively the positive and
negative remanent polarization, i.e. the two permanent polarization states
20 which can be present in a ferroelectric memory cell and which can be used
for representing logic "1" or "0" as is the case. Vg and —Vg denote
respectively the positive and negative coercive voltage. It is to be understood
that when a polarization is given as.a function of voltage, is this based on
practical considerations. Generally voltage could be replaced by the electric
25 field strength E and equally generally shall then Ec and —E( respectively
denote the positive and the negative coercive field strength for the
ferroelectric material. The voltage can then be calculated by multiplying the
field strength with the thickness of the ferroelectric layer for a specific
memory cell. The saturation polarizations Pg and —Pg will be attained each
30 time a memory cell is subjected to respectively nominal switching voltages
Vs and —Vg which exceed a coercive voltage V¢ respectively —Vc. As soon as
the applied electric field is removed, the ferroelectric material will relax and
return to respectively one of the two remanent polarization states Pr and —Pg,
herein also rendered as respectively the points 110 and 112 on the hysteresis



-Es or a negative voltage -Vs which then respectively can be 2BhVENBER 290§
swtching field or the swtching voltage, and the ferroelectric nateri al
will 5 then be driven to the negative saturation polarization -Ps and
afterwards relax to the opposite polarization state -PR Correspondingly a
positive switching field Es or switching voltage Vs m ght change the
negative polarization state -PR to PR The use of sw tching protocols of
this kind whicotveals chasgkndithe polarizatiomdiseeiion.ss-2dEtom the semapentepesitivec
field by 10 a kg t i ot Y uring
the write andPoiAiEat BOR 110 R b e e Y At T
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word |ines 202eahdpbiatidnsnes 212 are activated to 25 respectively active
word lines AW and active bit lines ABL. It can then be applied a voltage

which is IS:Jf f img.ﬁzltshbmizfghla&ﬁésmth@Eltﬁdg@nauy?irbzﬁhgmectﬂq)?@tAculnrd_fngatcgi ven
menory ce as. s in fig. ejt her efine a peci fi ol ari zat, on
direction in §F@(§émglt?r%ﬂogﬂg¥glh‘? bPﬂEOP{??g?WW(ES qutzllegp%ﬁfecg;od%&sﬁah
detecting or ﬂienéigaftbﬂ@etdwowd a@@&f(ﬁ‘di lineeltsi 200, dibbeeviaoed I\)&;’.’»D, andreehtiica lywhi ch
constitutes a re erati.on. The rroelectric terd . Qr e
ferroel ectric eﬁ%@&?‘ﬁi%o%raﬁ%laﬂlf’e?(]ﬁ&gﬁ’%?ﬁés &‘%@P%&g@’ ?Qm%tv ?%ﬁg %]2 AEFPOSed
above as a ferindal & thecmagpacah be 2@2triXheithemwordclehés WO and 1t bitdirsesl BEt ed
ntials of the associ ated bit line 212,

Yo he act rUER IR BpReRings ST iaeaiy M of eorREdRRRa Oluoh mi "the 35
di fference comi@nosy tells definediinahe svodsciiing betwerepetheswofdl hmkes AMEoansd it t
e 5506 g, Bt SR8 B0t b ARy R by el 210, 22
menory c20l s 2Akrein memory cells 220 is indicated between the crossing word lines WL
and bit lines BL. The ferroelectric material in the memory cell 220 then
forms a dielectric capacitor-like structure with respectively a word line WL
and bit line BL, e.g. 200 and 210, as electrodes. During the driving and
detecting operation word lines 202 and bit lines 212 are activated to
25 respectively active word lines AWL and active bit lines ABL. It can then be
applied a voltage which is sufficiently high to switch the polarization
direction of a given memory cell as shown in fig. 2b either to define a
specific polarization direction in the cell, which conforms to a write
operation, or for detecting or monitoring the set polarization direction,
30 something which constitutes a read operation. The ferroelectric material or
the ferroelectric layer located between the electrodes functions as mentioned
above as a ferroelectric capacitor 222. The memory cell 220 is thus selected
by setting the potentials of the associated word line 202 and bit line 212, i.e.
the active word line AWL and the active bit line ABL such that the
35 difference conforms to the nominal switching voltage V. Simultaneously it
must be seen to that the remaining word lines and bit lines, for instance



whi ch are not to be addressed, shall be controlled in regard 2NQYRMBER 2006
potential, such that so-called disturb voltages at non-addressed nenory
cells 220 are kept at a mnimum 5 As the nethod according to the present
i nvention concerns ferroelectric nenory de¥ices and particularly wherein
the ferroelectric menmory material is a polymer, an exanple of a
ferroelectric nenory device of this kind shall be given in order to ease
t he under st andéeprgseftedily 200@ndahl0 i fig. 2a andvwshioh erossemat meatpny| asdls 220
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el ectrode | ayeiatabyeatdﬁﬁ'nnatheenmmmmmanrooBlﬁuwﬂall leter dertant biti exkorf raten(BER)
20 which can be reduced by replacing defective word and bit lines in the
memory array 300 with redundant word and bit lines 304;34. In order to
perform error detection the memory macro 310 may have data fields
containing error correction code (ECC) information. The memory control
logic 320 provides a digital interface for the memory macro 310 and controls
25 the write and read operations on the memory array 300. Memory initialisation
and logic for replacing defective bit and word lines with redundant word and
bit lines 304;34 will be found in the memory control logic 320 as well. The
device controller 330 for the memory device connects the memory control
logic 320 to external bus standards. A voltage generator or charge pump
30 mechanism 340 generates some of the voltages needed for writing and
reading the memory cells. A separate clock input to the charge pump 340
from the device controller 330 via an oscillator (not shown), will be used by
the charge pump 340 for generating voltages or perform charge pumping
independently of the bit rate of the application using the memory macro 310.



effusion cell, an exanple of how such an effusion cell is reaPdH@UEMBERZR04 s
shall now be given. In that connection an effusion cell shall be discussed
in a5 generalized fashion, with reference to figure 4. Fig. 4 shows an

ef fusion cell 410 which conprises, anong oBher, a crucible 420, heating

el ements 422, a housing 424, supports 426 and a cover 428. During a work
operation the crucible is fllled with an evaporation source 430 of

hi gh- purity wAsdhe imethpdracevrdingdodhe piesent haventiben ppples 40 thermaking efisne 10
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el enents 422 are u Z%I@Qﬁ nunmber and Iocat on of the heating elements 422

15 may vary bé%@é’é Nt FRERCE O SHHICI4res t he heating el ements

422 are placed in proximty to the opening of the crucible 420 such that
condensat i on Big.dvsiporaan@ifisoon cell48® whithtemprisasj amangiadbel, altrachidesi ng

424 and the c r Sun e
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detai | ed deschoion mﬁ@dﬂhAc&ﬁt&fesuﬂ)@Qﬁ@ 426 @cglresutls cm&ﬂlélﬁt420blnsed@1me 904

(Mattord) or ﬁ’oémg]alt DNty Wdept&%ﬁggte( ﬂecé\fag))oratti@n WBLed: 450 ﬁ'éﬁﬁﬁgo' s made

wi thout any of thefmhaving alimting e resent. inventTon in any

way. 30 Speci ¢lemeny 437 aremsed. Ehﬁ@@nmtaéldolfocm@n ttheheatiog demgntodLhe

i nventi oy f%_ag%&g)e@@eéﬁ %hb%@%rfa%ﬁg‘ﬁnddﬂs aSérﬁEﬁﬁf‘és%UHe%tﬁ'i%@éMleﬁ?é’ I ce
enbodi ed as di5cussed in the foregoin shall now be describéd in relation

to the nore H&herapl %&Pédpd?ﬁoéﬂﬁﬁé(épéée\m@ﬁl%%&hesC%blfeﬁ‘?:ﬁlé%ﬂé@ in the
properties aééx?dd?ﬂa%ﬁ%f%%f'o?@ﬁé&@@uﬂc@égo 1r§t1ﬁpla&éaﬁfse@lv<qaea heht eRuefngd

et ¢ ency os 13 #RA e coper deEohistd the sypeandihgs fram bexs BN horbry —

material wit htlié@ﬁbe?éinéﬁ\/ﬂﬁﬁalﬂ&lﬂﬁed thl thiei Alsi 99 4R ap N delpepadin of BROT

Fatigue Z%ndurtaerr}gzlsera{ure an% its d g\e/e Co);/)ment 158 Hlision cell 410 as well as the
substrate 440 are here located within a vacuum chamber 400 which can be
filled with a working gas, but also can be used for providing a vacuum
environment. The substrate 440 is mounted on a holder 442 which can be
rotatable or not depending on the needs of the particular situation. This

25 simplistic description may be complemented, if so desired, by the more

detailed descriptions which are found in e.g. U.S. Patent No. 6,011,904
(Mattord) or U.S. Patent No. 6,162,300 (Bichrt), to which reference is made
without any of them having a limiting effect on the present invention in any
way.

30 Specific and preferred embodiments of the method according to the invention
for making an electrode layer in a ferroelectric memory device embodied as
discussed in the foregoing, shall now be described in relation to the more
general problem connected with defects and deficiencies in the properties
arising when an electrode layer is sputtered on the top of a memory layer

35 made of a polymer material. Particularly these defects and deficiencies in the
properties shall appear in the form of a memory material with poor



pol ari zation and that the remanent pol arization val ue decr ease&NQYEMBER 2006
I nstance w th an increasing nunber of switching cycles, reversal of the
pol ari zation directions and generally due to disturb voltages and stray
capacitances in the 5 menory cell array).l(ccording to the invention it is
general ly proposed to solve the problemw th damges on a ferroelectrlc
menory | ayer, above all a nepory |ayer of ferroelectric

thernal |y evamiuaaltzaﬂgntm@pett&st #yhpopkfatigue efwANCef @i &F%@PY Oéd%smge

ferroel ectri Cp(B‘I%PiQhMoh%XﬂrthaT‘ﬂh@ ré&ﬁ@ﬁé&&@ﬂﬂﬁﬁzﬁﬂ‘@ﬁ vl aecﬁeagésoefbeqﬁgtaﬁce
menory devi ce C%n be made by dlffe%tre ositing net og Blﬂaé_coailngls
the. best - sui t WD L CRYin FERRReT SWH m&@%eff,éﬁve@a of ithe PoJarigation ayer

of polyner medieeétddbns dNE gbAELDN Ghetd ﬂpﬁ@rbsﬁfélt&%’m &id blrapeapadividk g thas
the silicon substrate can be regarded as being rmal |y conpatible with

the process aM@MUNEEILHMARY) not be danmmged. However, the 15 upper el ectrode
set nust be evaporated to avoid damaging the nemory material, e.g. a
f erroel ect ri cApobsding todheinetntidn ithsgesealhepriposedytol solve Pl piatgemowiih,
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el ectrodes, transferred from one manuf ﬁcturl gf; equi pnent
anot her . Dur i $RMPAtiBle Withstherprogess and henceshalfgotbe aﬂb@ﬂféf tlak‘e@v?ﬂ 4k and
the el ecty odey 3%3«9 ABadrbdé @ef ﬁmgt B@Waﬁbréiéd@ofa'vbﬁd dHﬁitaginé Memepderyand a

first netal oXi de | ay JI4 thereon This | ho ai not nwant ed
effect, sincemaiial; F’r%ata CEIX1CRO D’giférmﬁtf&l |ab¥’F auvelyom i er

layer, prevengje§ng 9biﬁtugypaea11gﬁnaﬁe@mm§d&ﬂ 2(&»@ preventing separation
that mght lead to uced atlgue endurance or contact faults. The first

the bot tom el Eig Potho\es sctubEEii B RS iéeiBh ¥ ARRIICR R AR et b R

present i nvenfdrored en assaibstratel£00sintd conerisesca fitstoor bpjtem eleetrodedd 0530 by
means of,q her gl f‘EYr%%?écEHiichyerAg%,nanad ggeé\@@ypﬁﬁ)@p 8 ctrblie 530. In a first
preferred embodiment the substrate 500 consists of a silicon layer 502 and on
this a silicon dioxide isolation layer 504 which are made in an as per se
known manner. Sputtering is used to deposit the first or bottom electrode
510. A number of metals are suitable as electrode material, but titanium is
25 preferably used. In order to deposit the polymer ferroelectric layer 520 by
spin coating as usually employed, the device, i.e. the substrate and the
electrodes, must be transferred from one manufacturing equipment to
another. During this transfer oxidization of the electrodes takes place and the
electrode 510 shall thereby consist of a first metal layer 512 and a first metal
30 oxide layer 514 thereon. This is, however, a not unwanted effect, since the
first metal oxide layer 514 may function as a barrier layer, preventing
diffusion, or as an adhesion layer preventing separation that might lead to a
reduced fatigue endurance or contact faults. The first ferroelectric layer 520
is then formed by spin-coating a polymer on top of the bottom electrode 510.
35 Following this, a method according to the present invention is used to deposit
the second or upper electrode 530 by means of thermal evaporation. Again a



nunber of metals are suitable, but titaniumis preferably use& NPMEMBERRO§G
forma second netal oxide |ayer 534 in the second el ectrode | ayer 530 and
simlar to the first netal oxide layer 514 in the first electrode |ayer 510
such that the second nmetal oxide |ayer 538lcontacts the first ferroelectric
| ayer 520 5 and functions as adhesion | ayer or offers other functionalities,
the vacuum chanber 400 is filled wth a working gas during the operatlon
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NOVEMBER 2006with high quality and purity can for 1nstance be deposited with working gas
pressure of less than 5.107 torr. In case ordinary electrodes without specific
requirements as to purity and quality are the goal, the second gas pressure
could be as high as 107 torr to 10°®. There is a trade-off between the required
25 purity of the second metal layer 532 and the time required to evacuate the
vacuum chamber 400 or reduce the pressure therein to achieve the desired
low gas pressure. As mentioned, the working gas may include either oxygen
or nitrogen gas. One option is to use only oxygen gas. Another option is to
use a mixture of oxygen and nitrogen gas. In the case of a mixture, the
30 oxygen content is kept below 50% by volume and the nitrogen content
consequently above 50% by volume. Preferably the oxygen content of the
mixture is between 15% to 25% by volume. In certain embodiments the
working gas may have further gaseous components.

For thermal evaporation a crucible 420 preferably made from carbon in its
35 graphite form is used. It is filled with an evaporation source 430 which can
be selected among a number of suitable metals, but preferably titanium of



12 high purity is used. During the evaporation operation the &% NEVEWBERZ2006
wll be heated to between 1600 and 1900 degrees centigrade. The nethod
according to the first preferred enbodi ment can be inplemented wth
different variants. It is possible to use B2substrate 500 with a silicon 5
| ayer 502, but without the silicon dioxide |layer 504. Simlarly, the first
el ectrode 510 can consist of nore than one first netal |ayer 512 or nore
than one fi rkighmparatly isxused. Diyerg greyaparatien opeyatiemshe pracdbleaddy vihibe
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provi ded such,that pote |ffere appl i ed between t hem can be used
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response of t erroelectric |ayer
required i nsu¢att b@@pphed between them and hence influence the polarlzatlon response

of the first ferroelectric layer or memory material 520. Likewise the second
electrode 530 and the third electrode 602 are provided such that potential
differences applied between them can be used for influencing the

25 polarization response of the second ferroelectric layer 600. Insulation before
depositing further sets of electrodes and ferroelectric layers is provided by
the dielectric interlayer 604. Now further ferroelectric memory cells in the
stack can be formed, e.g. by continuing with the fourth electrode 606, a third
ferroelectric layer 608, a fifth electrode 610, a fourth ferroelectric layer 612,

30 a sixth electrode 614 and another dielectric interlayer 616. The fourth
electrode 606 and the fifth electrode 610 are arranged in such a manner that
potential differences may be applied therebetween and effect a polarization
response of the third ferroelectric layer 608, while correspondingly the fifth
electrode 610 and the sixth electrode 614 being formed such that potential

35 differences can be applied therebetween and the polarization response of the
fourth ferroelectric layer 612 influenced. Again, a required insulation is



28 NOVEMBER 2006 13 provided by the second diel ectric interl 28¥PVEMBER 3006
case further nmenory cells are deposited and fornmed in the stack.
Particularly and in a third preferred enbodinent it is regarded as practi cal
that the steps of the method according to the present invention are repeated
5 until the ferroelectric nenory device conprises 12 el ectrodes, 8
ferroelectric layers and 4 insulation |ayers in the formof dielectric

i nterlayers. msided byrheseepnd digleetriomiedarenfel Qiapease tirther memarycslls

provi de el ectglieqpép(g%pjaaq{d fhaiaernthl ftheg ent locations in the ferroelectric
menory devi ce. By enploying the nethod according to the present invention it
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| ayers or in an : 0 - US| k ment
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second menor betweeardigfarent Bdationsahdbe feotlegtnie mempry deviger equire 9

el ectrode | ayers and possibly an insulating | ayer on the top, a total of

ei ghteen | ayeBy-erffﬁmiﬁ%aQe fiRh6€ avLéMlling tOtie pisehdinvetich itswiibbai ned, but
with the di sadvan]gf e that . addressi ng 0 rmrmr.%h C}Ir.l F‘ .annot. t Zfee | ace to
al | ferrdbl ecPP$d egfe‘i“énu GRS & ARSI AeVIES WIth gfpgh 1BfCETRTIPN HeNHX N @,
every second, valuehdtuict drethree-tdim eghﬁmaﬁdfdﬂimd hredils admbﬁgek?mm t he
possibility of sneak currents a u d%sir capacitive couplings increases.
The nenory deVBESHRERIANREF 15 B A58 T5PsIN e EmOrS (oYt obedddgsels o
conprom se anelestraldes. fviz. Bottenpand ey etextrodespand én additied inful@dng ayers, but
wi th inproved,addressi ossipilities as, the u of 4 i.sol atjon |ayers or
"t or | ayer s of POETS BB Reh ERoRZdrvEE VIR el fot SRR FRR Y € 5.
stray calfaci t meoesy lagemsethins ithplieeibroledtayde fayiens ahd e drllecteicrlagestouct ur e.
Real i zed with. t met ccor.di 0,4 Nt ke
Further achi e Rl LSeSrE e 8837 3atdS BYTRER af SauPlRe R WhaGar of .
menory | ayer tmaneleetrddpadithedinst memuerydayeayforgns the bettomed Bthter sacondenor y
material int LLd , ' [ ' S |
port ance whigm 0 2y p A0 B5e8EechRTER RS obl keq ke GG fovers
ferroel ect ri capdpystibly 28 iINDIENBERapEO® the top, a total of eighteen layers. Thus a
20 device with a total of 18 layers is obtained, but with the disadvantage that
addressing of memory cells cannot take place to all ferroelectric layers
simultaneously i.e. in parallel, but at most to every second, and further with
the additional disadvantage that the possibility of sneak currents and
undesired capacitive couplings increases. The memory device according to
25 the present invention provides a compromise and shall for 8 memory layers
comprise a total of 24 layers, but with improved addressing possibilities as
the use of 4 isolation layers or interlayers offers a better protection against
undesired couplings, e.g. stray capacitances, between the memory layers in
the volumetric structure. Realized with the method according to the present
30 invention there is further achieved that the top electrodes of the ferroelectric
layer or a memory layer can be deposited without damaging the ferroelectric
memory material in the deposition process, something which is of essential
importance when it is formed of a low melting point material such as a
ferroelectric polymer.



14 CLAIMS 1. A nethod for making at |east one ferroelectric R&ENOVEMBER|2006
conprising successive steps for (a) providing a substrate consisting at

| east of a silicon layer; 5 (b) providing a first electrode adjacent to and
in contact with said substrate, and fornm h§ said first electrode with at

| east one netal |ayer and at | east one netal oxide layer; (c) providing a
first ferroelectric |ayer adjacent to and in contact with said first

el ectrode, saFdA4MPoelectric | ayer being a polynmer ferroelectric thin film
10 and (d) providing a second el ectrode adjacent to and in contact with said
first ferroelectrAcmetymt foramdking at legssend faeceledtréd enxdmorecell,t h at | east
one netal oxide |layer_an I th.a east one netal |ayer, placing said
substrate w tﬁompévé}%sg%c%ﬁg etsr%géseh(hr in a vacuum chanber; formng at |east
one netal oxi (e fbvidingra fybstraseiconsigtiaghitdeagiofi 4 yileoagdayat;i on source in an
ef fusion cel | ;4 sai d.  .ef fusi.qn ' ' [ ' mﬂmr,
and evaposfat i %bg} &{O%é(}lﬁglehﬁ *@aﬁlgg’{ﬁ%"égggﬂﬁ%@ g%éég%g‘r‘é’t% Pg%tgﬁﬁggg% om sa:é’d

ef fusi on cel | amhforming saidrfirat elestrogizi witheatleadtanter netdldgper amd atleagpphegi ng
a wor ki ng gas i S pressure, reducing the gas pressure and
formng said g%tt?lg%{_slth_éga% fretal |ayer 20 by evaporating thermally said

hi gh-purity e(@moxidiog abostdertocdestsigildyeeddjasemintocand imaentachvidusdidce of
said at | east I: ! [ a4 \ VR r Feiot i83Rin film:
pressure vvheflgg[)e/\e lgﬁgh%’%éﬁgee@égc}%ééﬁg pr o%?a?e({c]y aéj glcen%)é}{i {)leanlci1 |ﬁnm’
contact Wth 8edd ferroelectric | ayer. 2. A nethod according to claiml,
characteri zed i@in3UPsd R Pelcfode MRAI %o andiihi Cftadli Withd@id #¥ef on
top of the sif%@?aygr. 3. A Gr:ng:tﬁt(())d a(;ior I n {lo 1cI al n?l, charéoteri zed by
sai d_hi gh- pur faryoelegapolayer.oand bumziagsaid geeonthelssiiody withatilaast onpe meiadt hod
according to skﬂienpager GRANAER Qf 1R oY nidtaf1Bfer] SRRINSESId JW)stlaté iR Of

sai d second el ectrgqe being a layer of titani'um and said at | east 0 one

metal oxide | BYEFS rrag] theleen in aeyasgiumb gbapbrRgloaming &t leastancaneihosidee,
titani umgli oxjAer o ﬁo@%ﬁhfgr@higmpﬁﬁt}t eVapdrdflofdodec@nd ahidfalyiomcetli exidde.
5. A net hod acgor,dl n g clhaim4, é:hara.cterl zed BZ %al d vg)rkl ng as  being
oxygen gas. 28 fmgyg\&h omgspropded in said vacuum chamber, and evaporating

thermally said high-purity evaporation source from said effusion cell onto the

surface of said ferroelectric layer while supplying a working gas at a first gas
pressure, reducing the gas pressure and forming said at least one metal layer

20 by evaporating thermally said high-purity evaporation source from said
effusion cell onto the surface of said at least one metal oxide layer while
maintaining a second gas pressure, whereby said second electrode is provided
adjacent to and in contact with said ferroelectric layer.

2. A method according to claim 1, characterized by said substrate
25 comprising a silicon dioxide layer on top of the silicon layer.

3. A method according to claim 1, characterized by said high-purity
evaporation source being high-purity titanium.

4. A method according to claim 3, characterized by said at least one
metal layer of said second electrode being a layer of titanium and said at least

30 one metal oxide layer of said second electrode being a layer of titanium
oxide, titanium dioxide or a combination of titanium oxide and titanium
dioxide.

5. A method according to claim 4, characterized by said working gas
being oxygen gas.



6. A nethod according to claim 1, characterized by said worki 2lgNQ¥EMBERRORS o
gas m xture of at |east oxygen gas and nitrogen gas. 7. A method according
to claim®6, characterized by the oxygen gas constituting |ess than 50% of
sai d working gas by volume and the nitrogehS 5 gas constituting nore than
50% of said working gas by volunme. 8. A nmethod according to claim?7,
characterized by the oxygen gas_ constituting 15 to 25% of sai d working gas
by vol ume. 9. 6A medhogthed eceonsding 4o elaimml 1charpeteatredrby: saidoyosking gasr st gas

pressure i n Birh ¥ 3644y it RSSO IRIVERNanRrach 25 6 torr. 10 10. ‘A

met hod accordi ng arm 1, characteriZzed by said effusion cell conprising
a crucible made frgmcarbon in i.ts _graphite for 11.. A nethod according to
claim 10, characte %%%@agﬁ? lﬁgﬁgicgﬁgl %e? ag‘?&ﬁ@&X g$%8¥¥\%eéhgﬁ%oo and
1900 degrees ceﬂﬁﬂit@ﬂtﬁ@eledwtlhmng(eof b@idnwbrkiﬁgzgmrlzlwt volunoé asdithe Iniitghgpgr ibty
evaporatign squrce., 15.12. A 0 r.ch.Nn i acterized by
provi di pgg) S uc@@%gp{}%tltuéld]cﬁ ]F]iOSE‘i]i%a%g ggggfg%d(‘gﬁ)hgggrﬁ%ﬁgm }év?g‘quﬁ%el ectric |ayer
consisting of a polymer ferroelectric thin fil %sal d ferroelectric |ayer
bei ng provi de8. adj A&cBrethed agperding doslaig 7urharactasizadaey Hgexysheas as in

the step (d); c8fstifuki pyk&izp%@mssi@%&m% EABY bdluileat | east one netal

| ayer and at | east on netal oxide | ayer by thermal evaporation, said

el ectrode oxi ¢e bein rovided,.adjacent to i n. t - W i
ferroelectric”t ayeﬁ g’cﬁlﬁr% ag{;oxichgg tgthzBm( i) ?ﬁ%%f{ﬁfbﬁ%%\?g%‘d\%gl&g’? rp?‘gssure

i nterlayer coissaid varuaim @hdindeebicing beewesn h0” and D5 powvi ded adj acent to
and in contact with said electrode forned at the step (f); and (h)

provi di ngg addiipi onal pRIRGH HLESRInG 6 (cPAREE! EhsrabBYBied E’jf‘gai‘ai &iragionl &l ayers
by repeating steps.,simlar tao ste(i) t hrough, (g) }ﬁ%ﬁﬁ;%aﬁ once, such that

. s.(b)
a stacked stcompsisangp guciigdnadefron sarhom city gra YPRells is made. 30
13. A nethod according to claim 12, characterized by performng step (h)
thrice, such tlhat thmethadkedostingco clanm $0elkravidrized byhsaidecuoiile dteing

menory cells and twely | ec r (s for (i)
orovi i ng. o Reptedd b afeRlTARERRY 1300 debntel doMilaBORRA R R | o er
and 28 NOVEMBERap&@sionl®f saidllaghtpwity eveparatiaysoyrceai d t hirteent h el ectrode
being electrically connected to at |east two of the other el ectrodes.

15 12. A method according to claim 1, characterized by providing successive
additional steps for
(e) forming a ferroelectric layer consisting of a polymer ferroelectric thin
film, said ferroelectric layer being provided adjacent to and in contact with
an electrode formed as in the step (d);

20 (f) providing an electrode comprising at least one metal layer and at least one
metal oxide layer by thermal evaporation, said electrode oxide being
provided adjacent to and in contact with said ferroelectric layer formed at the
step (e);

(g) forming a dielectric interlayer consisting of a dielectric material and

25 provided adjacent to and in contact with said electrode formed at the step (f);
and
(h) providing additional electrodes, ferroelectric layers and dielectric layers
by repeating steps similar to steps (b) through (g) at least once, such that a
stacked structure of at least four ferroelectric memory cells is made.

30 13. A method according to claim 12, characterized by performing step (h)
thrice, such that the stacked structure is made with eight ferroelectric
memory cells and twelve electrodes, and by further comprising a step for (i)
providing a thirteenth electrode comprising at least one metal oxide layer and



14. A ferroelectric nmenory device conprising ferroelectric ne#NgVEMBER 2006
capabl e of storing data in either one of at |east two polarization states
when 5 no electric field is applied to the nenory cells, wherein the
ferroelectric menory device conprises at |ddést one ferroelectric |ayer (520)
formed by a polyner ferroelectric thin filmand at |east a first set and a
second set of respective parallel electrodes (510;530), wherein the

el ectrodes (520)least ansemetallgyers spidathirtgenihi eleetrpde bobrg aleciteirally 6pnnegiedal

rel ationship tg atthé et b dpgpesot}lgr@ggg od¥s. said second set, said first set

and second set of e ectro 510; 530) contacting ferroelectrlc nmenor y
cells at opposjte lgrface | east aqne dtymer ferroelectric.l Layer
§1§]g €

(220) . ana’ mhehs n Atfeftgelscin3lenoly defR¥aoihEia R feTidn b GHRsfiorg qaus
(510;530) are @@abl;eedf tmrr@datarlﬂfm&m oe of attleastetwo poéaxization snnmsrwheel | s

b I h 15 h

e ot st dor “ARERPHR B8 16 FPRTRO T U6 g ora SO SRt b Brkdibet®) o

at | east one matmlorpxicsicd aympricsd d) leastione femreelesatic ddyaxl (620) dorsed byG)

bei I ded ' t t i1

e TSy el S A R B AR

that said secandp&ﬁtveopamﬂle&bl&mwe@iﬁ(w i%})pwlme@naﬂlelaiasﬂro Swlfﬁ)adf tlhayer
532 d at t .1 af

(el ec% ; ggesa 5‘@%? gﬁ%%ﬁecgie%glgb tg?cflgﬁltl§' ,?)gt‘i’l)a 8?131 flcl ?HE‘I‘[iIipst% t%l% electrodes

ferroel edOri c (|539§3|0f s@EiZSJﬁ)qonainith h?ati farat detsaub pek agst seifofeelectroddsa(sS 1B389)is

formed in a V%ﬁ?%tﬁ%@#?el@%ﬂ% me%n??lgfycélﬁeét’%ﬂ&sf%oﬁﬂ?ﬁ@s'JIgsa‘?dQ't?&nglbgl ty

evapor ati on source S on ce onto the sur
sai d ferroel equalymer dgmoelestny layen (é2ob,rw1 mhe;gela atderstiedarst set and second

respectively gef b?%‘lecﬁft?de% 4994150 a?%ﬁ&'fc?rea@reﬁ‘eﬁﬁb?Q’@ﬂlt%cferrfd"elé‘@t?}?:r y

devi ce according to claim 1 characterl rising three or nore
sets of el ect mBE@Ory sels Lyamyzing approgridtevoltages thqxgto 30 ferroelectric

| ayers (330, G%aracthlz@&(iﬁ‘ tggt of electrodes (510,530,602,...) being
provi ded adjacent to and in contact_ w th at | east one ferroel ectric |layer

(520, 600, . ..) sadfasicyetrafrelectrades (i:IQ)ag%mpl(lsezoatal@est ong medahlgyer 631 Hetnd
bet ween and i nyrqendasie Metd dMBe 3866t (31148 Q58 TRIESet(H10e2RBdeS 91 GOB%ing: ) -

provided adjacent to a substrate (500) and in contact with a silicon layer
(502), or optionally, a silicon dioxide isolation layer (504),
20 that said second set of electrodes (530) comprises at least one metal layer
(532) and at least one metal oxide layer (534), said second set of electrodes
(530) being provided adjacent to and in contact with a ferroelectric layer
(520), and
that said second set of electrodes (530) is formed in a vacuum chamber (400)
25 by thermally evaporating a high-purity evaporation source (430) from an
effusion cell (410) onto the surface of said ferroelectric layer (520) while
providing a working gas at respectively a first and a second gas pressure.

15. A ferroelectric memory device according to claim 13, characterized in
comprising three or more sets of electrodes (510,530,602,...), and at least two
30 ferroelectric layers (520,600,...), each set of electrodes (510,530,602,...)
being provided adjacent to and in contact with at least one ferroelectric layer
(520,600,...) and each ferroelectric layer (520,600,...) being provided
between and in contact with two sets of electrodes (510,530; 530,602;...).





