2 4 MAY 2005 1 Aferroelectric nmenory circuit and nethod for its
fabrication The present invention concerns a ferroelectric nmenmory ¢i a5
conprising a ferroelectric nenory cell in the formof a ferroelectric
polymer thin filmand first and second el ectrodes respectively contacting
the ferroelectric the 5 nenory cell at opposite surfaces thereof, whereby a
pol ari zation state of the cell can be set, switched and detected by
appl yi ng appropriate voltages to the electrodes. The invention also
concerns a nktfancbélactriie nietory airarit ahdamethod dor dts fahrieationy circuit of
this kind, wherein the menory circuit is provided on an insulating
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used as bistable memory devices are well-known in the prior art. The use of
ferroelectric polymer in thin film form can realize fully integrated devices in

20 which polarization switching can occur at low voltages. However, the
investigation of the thickness dependence of polarization behaviour of the
most widely used ferroelectric polymer according to prior art, i.e.
polyvinylidene fluoride-trifluoroethylene (PVDF-TFE), shows that the
remanent polarization level Pg decreases and the non-switching polarization

25 Pincreases as the thickness is reduced, and further that a large drop in the
polarization level is observed as the thickness is reduced to below 100 nm. In
PVDF-TFE polymer films, the polarization behaviour is directly related to
the crystallinity and crystallite size in the film. It is believed that in thin
films, a stiff metal substrate on which the film is normally deposited by spin-

30 coating, may inhibit the crystallization process due to the heterogeneous
nucleation process which determines the crystallite orientation being
influenced by the substrate. As a result, neighbouring crystallites may have
large orientation mismatches which cause a high elastic energy in the film
and prevent the further growth of crystallites, thus creating an interface

35 region between the metal substrate and the thin film. On the other hand,



35 region between the netal substrate and the thin film On the other hand,
2 4 MAY 2005 2 recent experinental results seemto indicate that ‘2‘»5‘4@@05
crystallinity nmay be obtained even with a netal substrate, so th%lt

actual mechanism at present remains sonmewhat unclear. The interface has a

t hi ckness which is a considerable fractio of the thin- filmthickness,
causing a |l ower polarization 5 level and a higher coercive field. Due to
said interface, ferroelectric polyner thin filns in contact with a netal
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contacting the conducting polymer, whereby said at least one of the

clectrodes either comprises a conducting polymer contact layer only, or a

20 combination of a conducting polymer contact layer and a metal film layer.

In an advantages embodiment of the ferroelectric memory circuit of the
invention, wherein only one of the electrodes comprises the conducting
polymer contact layer, the other electrode comprises a single metal film
layer.

25 Preferably the ferroelectric polymer thin film has a thickness of 1 um or less
and preferably the conducting polymer has a thickness between 20 nm and
100 nm.

Preferably the ferroelectric memory cell comprises at least one polymer
selected among one of the following, viz. polyvinylidene fluoride (PVDF),
30 polyvinylidene with any of its copolymers, ter-polymers based on either
copolymers or PVDF-trifluoroethylene (PVDF-TrFE), odd-numbered nylons
odd-numbered nylons with any of their copolymers, cyanopolymers, and

b

cyanopolymers with any of their copolymers. In that connection it is
preferred the conducting polymer of the contact layer is selected among one



preferred the conducting polyner of the contact |ayer is selected anong one
2 4 MAY 2005 3 of the followi ng, viz. doped polypyrrole (PPy), doped
derivatives of polypyrrole (PPy), doped polyaniline, doped derivat) &gy @f05
pol yani | i ne, doped pol yt hi ophenes, and doped derivatives of polythi ophenes.
Generally it is preferred that the conducBing pol yner of the contact |ayer
Is 5 sel ected anong one of the follow ng polyners viz., doped polypyrrole

(PPy), doped derivatives of pol ypyrrol e doped oI yani | i ne doped
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preferably orthogonally, to the electrodes of the first electrode means with
the ferroelectric polymer thin film global layer in sandwich therebetween,
20 such that the ferroelectric memory cell is defined in the ferroelectric
polymer thin film at the crossings of respectively the electrodes of the first
electrode means and the electrodes of the second electrode means, whereby
the array formed by the electrode means and the ferroelectric polymer thin
film with the memory cells forms an integrated passive matrix-addressable
25 ferroelectric memory device wherein the addressing of respective memory
cells for write and read operations take place via the electrodes of the
electrodes means in a suitable connection with external circuitry for driving,
control and detection.

The above-mentioned objects as well as further features and advantages are
30 also realized with a method in the fabrication of ferroelectric memory circuit

according to the invention, the method being characterized by depositing a

contact layer of conducting polymer on the substrate, depositing

subsequently a ferroelectric polymer thin film on the contact layer, and then

depositing a second contact layer on the top of the ferroelectric polymer thin
35 film.



depositing a second contact |ayer on the top of the ferroelectric polyner
thin 35 film 2 4 MAY 2005 4 In the nmethod according to the inveztir{w @65
i s consi dered advant ageous depositing a netal filmlayer on the s és ate
before the first contact layer is deposited and depositing the latter
subsequently. In the nethod according to #he invention it is preferable
depositing the 5 conducting polyner thin film by neans of spin coating, and
simlarly depositing the ferroelectric polynmer thin filmon the first

cont act | ayeln the metharbaafordpigita that invgntion ihipeensiderad adivantpgeons of t he
met hod accor gi.ng;d IR ' fi :
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cont act Iayelp. a8t PRPER'O e shal | be explained in nore detail in the
following in connection with discussions of exenplary enpodi nents and
exanpl es, wi kta preferedeprahediment pkthepmethndiacrording tq ﬂwr@semwrwilieéﬁr#i g. 1

shows a ferrggiigéet lrailyér HRARIthe Fetrodfsc@fif ipdlyier BiinCfilA dre ahhBaleddatan first
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Qei?ﬁ;‘lero

i nvent iléh, fiegperatue o abastddd’ CTCPREGIHE dERPSIHORSIERY cel |

according to the present invention, fig. 2c a third enbodi nent of a 25

f erroel ect ri In amothey peeflekregicembddngettoof the petdeehacdiordeng tothe frivgntidd a
fourth enbodi t. of f lLectriG.. f . r-di esent
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the present 1Wgotia98r 3l Bfeferably a metal film layer can be deposited on the top of
the second contact layer.

The invention shall be explained in more detail in the following in
connection with discussions of exemplary embodiments and examples, with
20 reference to the appended drawing figures in which

fig. 1 shows a ferroelectric memory cell according to prior art,

fig. 2a a first embodiment of a ferroelectric memory cell according to the
present invention, fig. 2b second embodiment of a ferroelectric memory cell
according to the present invention, fig. 2¢ a third embodiment of a

25 ferroelectric memory cell according to the present invention, fig. 2d a fourth
embodiment of a ferroelectric memory cell according to the present
invention, fig. 2e a fifth embodiment of a ferroelectric memory cell
according to the present invention, fig. 3 schematically a plan view of a
ferroelectric memory device as known in the prior art, but with memory

30 circuits according to the present invention,

fig. 4a a section taken along the line X - X in fig.3,

fig. 4b a detail of a memory circuit according to the present invention and as
used in the memory device in fig. 3,



used in the menory device in fig. 3, 2 4 MAY 2005 5 fig. 5 a conparison of
the hysteresis | oop obtained respectively with the nenory circuit according
to the present invention and a prior art nenory circuit, and fig. ?N{AY'?U%
fati gue behaviour of nenory circuit according to the present 'r?ven I on
conpared with that of a prior art nenory &ircuit. Now various enbodi nents of
the menory circuit according to the present invention shall be .di scussed,
taking a prior art menory circuit as shown in fig. 1 as the point of
departure. Ifig.f5 g.compdrissm ehthwshysierssis loop ebtaigshrespeptively with thenor y
circuit, al r ' Ay 6 8R! ki frgyyc hed
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provi ded as omstatl, ahid ns ML. M2 and it is to be understood that the netal of
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el ectrode. ANewcwrowhOBROFERENST oL the MEmery caicuaiaccord it HiCBIeseNt he

i nvention  SRQURbA shhll-be2Bistsk et alinghopRor hAGhEARES dRbuiEds shewhaal i zed
as thin filns 20 P1.P2 of conducfi n? %in% vvhhch in either case,can be
the sane or figi}pethepoyrfudenarfissoly which showsopfgction thio¥e8fodi ment
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INn this case_. IS a ¢co SiIte 10l ne t ayer s . ne secon

el ectrode EthygqairPEEﬁe Fi)ecttﬁé{edeaY %8 tmﬁé{nyeeim&&%&ﬁf?ssa&%ﬁﬁ?i sing a netal

filmM interfacing the ferroelectric thin filmpolynmer F_which constitutes
the nenory mhtfest ambodimenhef amwemoryigiteaioCyaceerdingaoghgparentAor@srt h
enbodi nent . TRIDF ' PRI OF Aafalat ' sih I n
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el ectrdde E2nrtbw begtam iedeeirede Biithetmeta) élmoM lchayinew beehianlaesd by a

thin film P1 of conducting polymer, while the top electrode E2 is retained as

a metal film electrode.

A second embodiment of the memory circuit C according to the invention
shown in fig. 2b and herein both electrodes E1. E2 are realized as thin films

20 P1.P2 of conducting polymer which in either case can be the same or
different conducting polymers.

Fig. 2¢ shows a third embodiment of the memory circuit C according to the
invention and here the first electrode E1 comprises a conducting polymer
thin film P1 as a contact layer interfacing the ferroelectric polymer F. On the

25 conducting polymer thin film P1 there is provided a metal film M1 such that
the first electrode E1 in this case is a composite formed by two layers M1,
P1 The second electrode E2 is similar to that of the first embodiment,
comprising a metal film M2 interfacing the ferroelectric thin film polymer F
which constitutes the memory material, in other word the memory cell

30 proper.

A fourth embodiment of the memory circuit C according to the invention is
shown in fig. 2d and it differs from the embodiment in fig. 2¢ in that the
second electrode E2 now comprises a contact layer of conducting polymer
thin film P2 only.



thin filmP2 only. 2 4 MAY 2005 6 Finally a fifth enbodi nent of the nmenory
circuit C according to the inventionis shown in fig. 2e, and here both

el ectrodes El; E2 are now conposite, forned of respectively netal “,lm Mos
M2 and thin film conductor polyner Pl; P2 provided as a contact ezy
between the nmetal film5 ML.M2 and interfécing the ferroelectric th|n film
polymer F of the nmenory cell proper. Conventionally, as known to persons
skilled in the art, the prior art menory cell can be applied as a nenory
cell in a pdéisally afifth emhddimestof the menray|citsuit € aapovdingdw/ihee of the

kind shown i.n £ig. 3« %%qhnﬁ-g ”%iﬂjﬁé(reétpotﬁﬁggéﬂr%es B1eg2t iR dgyroel ectric

thin film i's prowg as a wever apasswe mat ri x
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and used as MI1MRoand mteefacing the &rm%@@tyl%ﬁhmlﬁ m EOlﬂBeIFErQ HEE MEBORE DI y

devi ce conprdeqpé ﬁerSt el ectrode neans in the formof strip-like parallel
bottom el ectrodes interfacing the global layer Gof ferroelectric thin

br ovi E’Shygﬁr?ﬂé\w’?ﬁﬁg Bilg S RAPTE AP BRI rd IR e SHETA BHOR aemichdll,
strip-like p@erlhbhlebeeipqexttedoahea; nignoryi egll adaqiasaweangtrex aﬁ@rmsebber ably
per pendi oul L 4. he A RS, BA o KR HECL B TF RS markld, 42

shows a cros 3¢5 Of the kind she device’in
fig. 3 It()akemnatarlq:l, i.hethe faafroelxctlrfmﬁlemfﬁlmgs peodisieddast mglobaérlamn @etric
menory devi c t o the
erbodt ment | HOWRVER"S PARLEGHt RrfogTEPIOmENdiy deyioe G ESHANL therd
el ectrode El Goianaalﬁetlacomdrmel\mn)aﬂﬂﬂaﬂ wemarytciraubembpodimentiubt 188280l 8 ner

Pl interfaci g e@'i‘cé: tﬁelﬁe cﬁh?ﬂ@é%{}ﬁ)’%&l%trlc}cﬁﬁﬁ(lﬁh?g%[}}rﬁelp okBEd L hin

filmused as ?H teria e menory e ‘nenory_devi ce
shown in fign @gmlflager Gaartmsqsi/@% p ARPNAGY Biadedahip amemeryRIrelE & r ode E2

of t hedlsseconﬁuﬁh@pﬂ{eogl% i NfeWEd Boﬁ‘fbrﬁ'e@ﬂrépgl%cﬁod@fméﬁ‘@s irf tHesfor 8¢t r ode

Chin i1 m { erenbke@erlia hornmaledodes BLpueefaseny s global daurS Al Lonce
the menory cfdrfddléctticA®R THNPolyinéMN A k8@ éRBtrodeMhedns of similar
electrodes E2 is now provided on the top of the ferroelectric thin film
polymer, but with the strip-like parallel electrodes E2 oriented at an angle,
20 preferably perpendicularly to the electrodes E1 of the first electrode means.
Fig. 4a shows a cross section of the passive matrix-addressable memory
device in fig. 3 taken along the line X-X thereof. As rendered the
ferroelectric memory device is now provided with a memory circuit C
corresponding to the embodiment shown in fig. 2¢ or fig. 2d, that is with a
25 composite bottom electrode E1 of a metal film M1 and a contact layer of
conducting polymer P1 interfacing a portion F the global layer G of
ferroelectric polymer thin film used as the memory material in the memory
cell.

In the memory device shown in fig. 3 and fig. 4a the overlapping crossing of
30 an electrode E, of the second electrode means with an electrode E; of the
first electrode means defines a memory cell F in the volume of the
ferroelectric polymer thin film therebetween as indicated in respectively figs.
3 and 4a. Hence the memory circuit C according to the invention forms a
portion of the complete memory array with the ferroelectric memory material
35 F and the electrodes E1. E2 as depicted in figs. 3, 4a, although now the
electrodes E1;E2 of the memory circuit as well as the memory material F



portion of the conplete nmenory array with the ferroelectric nenory materi al
35 F and the electrodes El; E2 as depicted in figs. 3, 4a, althougzlh plcm/ @pe
el ectrodes El1; E2 of the nmenory circuit as well as the nenory mat erli & 1854
MAY 2005 7 thereof, all formrespective definable portions of the

el ectrodes El. E2 and the nenory material F as applied globally in the
ferroelectric nenory device of fig. 3. Fig. 4b details a nenory circuit C
as used in a passive matrix-addressable 5 ferroel ectric mam)r]\é device, as
enphasi zed ithemiofhell fbimy. respestivé definableportions ofiibe sdeciredes Ei hB2 mador y
circuit Ci | : ' : feffbal tr | Re or
he. embodi mife PRy aGHiaFERSIRRIR SobaRy ihBe (RHOCRFE UL fovk® &
conprises aafdfig!3filmML and a contact |layer of a conductive polynmer P1.
The top el ectrode E2 may now either be a netal film 10 M2 or a conductive
pol ymer P2. Fikenb desaidd aanemsey cireuit O@stusegrinc patsivhmatrixeaddressaplof t he

enbodi nents depicted in fiqg. 2a-2e in_the matyrix-. addres I gevi ce
shown |m|3 ei tfcrgiéfréef?%?lcéns‘ﬁ‘a’gif dgVice, as éﬁézeéiléls%]rgﬁgri ﬁge?’lf‘% ot(r:rl‘g's %ﬁﬁxﬁg

di scussed i rbegsgeer thiat tee memdérynamouiy C oi thisichsCcamespoidgta eithémrthenvent i on
conprises a ferroel ect.rig hn g | 0R 4@ '
cover ed wi ¢ e SRRiny e o SRBhe bitbdgihnt i FenddSI TR SORR, Wlle ke |
a soft condumition epedtyodss, E$womprisssraoetalniglm pdil yand aphatast layerddposi t ed
onto a netal]j . tratenqf | NSt iy ] : v, t:

pl ati num or CﬁnﬁgHE%%Aglﬁlg?rl) oléleftr'-:hcelt 1{6}08? %?Ra%c%jyfrrrl%y}ﬁﬁmetr S\% ateﬁﬁgil\r,l%fsrg of
whi ch iy beM2tomarconduetivé polymer BAcEhefe isofycaurye, wetiengto preddpdeadhe t r i

f I'uoroethyl gpe &Oﬁﬂlréme gﬁi‘ﬁ%ﬁ&%@so({luﬁ)i&ﬁﬂnindﬁg.g%ﬁ-tfc tnhot'ﬁetrﬂﬁtri)@UbSt rate by

e.g. spin-coating. e conducti ng ner iIsu as e bottom el ectrode,

whi ch repl acakiressabinmemeny gevise ghppinoin eithemibgad aaddigs ddles, for instance
of nmetals such as Al, Pt, Au and the |like. Provided according to the nethod
of the preseNbwi thegsteson, intveatioantatitbedispobyatein gérertl tatess. 26 naseothyought to

| nor ease t hEiBNLG, ssoring Lt SsHoRTeRer SRR Rlrste} Bl BLdRy ol o"

the forifer afimompasebstratth thatriseoyened ngtht hiconductiee polymenl Aceairdotg tales.

30 of 't he | rbieeh o FEaL Yl 8 R ERbaRRAP pBI AR B { AR O e

film cryst gidliythibphemnds aleposited wnto fymetadlized subsicae ef@cinstancoar silieon

General 1y, wafer covered with platinum or aluminum. A ferroelectric thin polymer film,

the thickness of which may be 20 nm to 1 um, for instance of polyvinylidene

20 fluoride-trifluoroethylene copolymer (PVDF-TFE) is then deposited on the
substrate by e.g. spin-coating. The conducting polymer is used as the bottom
electrode, which replaces conventionally used prior art metal electrodes, for
instance of metals such as Al, Pt, Au and the like. Provided according to the
method of the present invention, the conducting polymer electrodes

25 arethought to increase the crystallinity in the ferroelectric polymer thin film
and hence increase the polarization level and reduce the switching field
relative to the former as compared with corresponding thin films on metal
electrodes.

The introduction of a conducting polymer as an electrode in the memory cell
30 of the invention serves to reduce the film stiffness, (i.e. increase the film

crystallinity) and also to modify the interface electric barrier. Generally,

phase separation between polymers reduces a crystal region near their

interface. This property is used in the invention by first applying a

conducting polymer film on a substrate for forming a bottom electrode. The
35 ferroelectric thin film and the conducting polymer film have a good



phase separation between pol yners reduces a crystal region near their
interface. This property is used in the invention by first applyi ng }AY
conducting polymer filmon a substrate for formng a bottomelectr é . 'Izquér)
35 ferroelectric thin filmand the conducting polynmer filmhave a good 2 4
MAY 2005 8 separation of phase, which w Bl dininish the non-crystallized
region of the ferroelectric thin filmduring a subsequent anneal i ng
process. Because of the different charge conduction nmechanismin conducting
copol ymers ceppeataxh ofiphhseyevhich will dimibush shedonrerystalizedregipac therri er

bet ween t he @} &E1LAAE AN Ml B6rihE o ABEGALH CarkRHTR priokb® IBedmidl bfere | n a

manner causi n_(i;] bo remanent ~ pol ari zation | evel” PR aqd swtchin peed
in the ferrchffesent ¢chargelopmdictipnmechanisindacondpsiing qROTHISTS GPTPR ‘ﬁg

pol ari zat i ony, Rhirfefaf 0l GEBeliePed WeAtUALiHtRRRRI VAdick betWBeH itheRlcotrdde AP
present invention, the .cc;gﬁuctl :}gimpoly [ (ilhat rrgg be used bnﬁl%/ de, 10 but
are not Il i mthederroetrsbea RBYRST At @Wgafe K 2TRRARETIFIEEZ APHV TG ves,
doped pol yaniehisienapeldrifitio R Plemdvavitekihmg spudddapdd feetoddddteighenes and
t heir doped derivatives. Ferroelectric polyners that may be used in the

I nvention Irxfdlgrgﬁ,r I t@h€create, Whilk tkénba.swiethingmolatieatoh | Ads irdéudddyDF)
and its copolyhers with 15 trifl uoroethyl ene (PVRF-TFE), ter-polyners based
on either cAsASHaly ohservedn eXRETIBERSS; ferroel ectric pol ymers such as
odd- nunbered nyl ons or cyanopol yners. In the present invention, the use of
a conduct i ngnpihieypreser iaventide, theceendumsing pel yonars tthat naythe usedhinolote, TFE
copol y t hi i . i i id; i LEaGk:

ol oot ades. reftaire Ml AP UL YTpLiElc Bhyi il IHCiachRl el atinds
hysteresi s |depedspolyanime aubthairdopedsleyivativien; and dopgd pelpiiieRkenss and

conducti ng ptﬁle}’ﬂ"@é &jﬁ&ti(,gﬁl@e;nave a higher polarization level than those
provi ded wt rretaq el ectrode, for instance of titanium under the sane

lied el ic field h in fig. 5 whigh shall. be. di | ow. 25
The. t abr | cat FeOBiectil ROLHRC ek uFschi Btk FRVEntigRVinEhide il 4gf iaf
pl anar  subslimafed togpeiwdnylitibna fluonitiectd VIDFpandnes cepallyindre wigscri bed in
th fal i | es. | d dj f 1. i i
or esentidd T o hhaaanacs (PERHIERY S BN TR O oilfer HETHERPES ore
not i nt endedPVIXR-T&; dthey fe¢rooeld0triepolymsensisadhas ¢ddrnuimipredaybasper of t he
di scl osure Ocryatn%?)o?}llrﬁ{a@'

In the present invention, the use of a conducting polymer electrode increases
the crystallinity in a PVDF-TFE copolymer thin film are compared with the

20 thin films interfacing electrodes metal, such as Al, Pt, Au and the like. The
polarization hysteresis loop show that PVDF-TFE copolymer thin films
provided on a conducting polymer electrode have a higher polarization level
than those provided with metal electrode, for instance of titanium, under the
same applied electric field as shown in fig. 5 which shall be discussed below.

25 The fabrication of thin and ultrathin ferroelectric polymer films on a planar
substrate covered with a conducting polymer shall be described in the
following examples.

The disclosed embodiments of the invention are presented for purposes of
elucidation and not limitation. The examples are not intended, nor are they to
30 be construed as limiting the scope of the disclosure or the claims.

Example 1
In this example a conductive polymer called PEDOT (poly (3,4-ethylene

dioxythiophene)) shall be used as one of the electrodes of a ferroelectric
polymer in memory circuit with thin film. A PEDOT film can be produced



Exanple 1 In this exanple a conductive polyner called PEDOT (poly
(3,4-ethyl ene dioxythiophene)) shall be used as one of the elect Qqﬁﬁ @k a
ferroelectric polyner in menory circuit with thin film A PEDOT R be
produced 2 4 MAY 2005 9 either by chem cal polynerization, by

el ectrocheni cal polynerization or by spif-coating a ready-nmade sol ution
cont ai ni ng PEDOT-PSS (where PSS is polystyrene sulfonic acid). Here, the
chem cal nethod of producing a PEDOT film has been used, The solution for
preparing suidthex bry clmmyaé polymerigationebyislastmgfiemisalpo ymerdzatjon Ak by

di oxyt hi oph tg@ Mfard%o@nﬁ&ﬁ%hfalﬁﬁigUPE@(wlmn@me&@ss ion in

Byt 1 on C angp! ‘iéaw% Planic gerd). PHrEcoihs fRemicl Faihed aiRfofuRme a o o

tPol yrrelrl tzatlpED%TTmh hﬁs)lgé’mt S;q:%]%é?éﬁltﬁfmcbréﬁaﬂhtghsﬁ&h afilmrism xi ng the
WO SO i ons e conductin Xé{lsm 'SE

spi n- coat ed BHKIHre hetweqn Baytren etﬁglp BAligREhi ORI, mggé the film
is then put Bﬂytaoﬂ@ (fe&ﬁ@&o@elﬁl atlphélwtekolm&mnubmnoa APPAl, borh vlishi ng
Popr opanol G COmmTEALlY AT, S e 8D ety Raviiin Corid, BeRfiet MoRess
On top of tl“?uifwmddatd Mﬁxﬁﬁ@@'ﬁlﬁmdmmbolfy?’[dm&dtﬂn‘t of ED(DTrtoLFEBDTn this
case 80 nmthic IS nmeans. o INn-c t echni que,

wher eupon anapﬁ?ﬁgﬁf‘f(ﬁﬂ“ﬁf gﬁnmﬁesl%fée%mrlyépgl@e %F‘(&?@‘tt‘r"é’l%r ows. A top

el ectrode of tltanl umis applied to the ferroelectric filmby neans of
evapor di on. Thneondvetirg BEIOL polymeriis nhis exampls) spinjcoae) QB copol yner

PVDE- Tr FE. %ﬂeﬁﬂgzeé St heyfer L P6r PYBinSsreadtforl ﬁ@]ﬂ)olse§ Fhe i fsetheAghR G 4 Got
polymer thin fil processed according to t exanple 1 di S(é_& ?sed above. The

menory ci rcuﬁltOch’C) Blawnéw briov: aeauigst A §0 Bapadm%uegmree@s

conduct i ng pl@nm?er anyaﬂenvbéllsrrﬂériz%ral EDGE aﬁd%fh@%@ﬁitfd?ﬂ%&?roﬂaﬁoi hld 5 the
hysteresis | I S that tained with t i_lor art titani um

el ect r odes 19HIZQ@C‘8?EﬁrrT§aY ez%tecr%tlwafmﬂuaﬁ t%@rw@ﬁﬁ@nttoacﬂ dhfzation is

denot ed PR, EdiRIVERESMEDOT Flm RIeAbERRLIOFhin AN, Imﬁn%@g@mqlrﬁqhmms Vc -
These are Sh@‘lrl\ﬂp for, _both curves, as .app the subscrip

ar.ent fror
for the pres®ROsitcddnt Msangof spin-coppgiachyapg, v, ?Ffeunqns\mapn%h%ém hat

the hyst er esjts| £Ur@Foshal hilaesTBlloWR! A fptdlestrade dTetithdiligl RNgspIRal ween the
non- swtchln%lp | ari zat.ion P.and 30t e remanent,[%ol ri zation |s rreduced
et etﬂ][ tion

and nor eover? er1oe ?,:‘551,0 mdpe?%sr o evapora erroelectric , 1n this
example, is 75/25 copolymer PVDF-TrFE.

20 Fig. 5 shows the hysteresis loop 1 for the ferroelectric polymer thin film
processed according to the example 1 disclosed above. The memory circuit C
is then provided with a bottom electrode E1 of PEDOT conducting polymer
and with titanium as a top electrode E2. In fig. S the hysteresis loop 2 is that
obtained with the prior art, i.e. with titanium electrodes only. According to

25 the convention the remanent polarization is denoted Pg, the non-switching

polarization P and the coercive voltage V¢ . These are shown for both
curves, as apparent from the subscript, i.e. "1" for the present invention and
"2" for the prior art. It will be seen that the hysteresis curve shall become

more square as the difference between the non-switching polarization P and
30 the remanent polarization Py is reduced and moreover it is apparent that for

symmetrically shaped hysteresis curves P* is equal to 2PR+;’.

Example 2
A conductive polymer, in this case polypyrrole, is deposited on a metallized

substrate (such as a silicon wafer covered with Pt or Al) in a known process



symmetrically shaped hysteresis curves P* is equal to 2PR+P. Exanple 2 A
conductive polyner, in this case polypyrrole, is deposited on a netallized
substrate (such as a silicon wafer covered with Pt or Al) in a kncwhMafddless
2 4 MAY 2005 10 wherein the substrate is dipped in a solution of the

pol ymer. According to this exanple, the Hubstrates are dipped into a | ow
concentration polyner solution to reduce the deposition speed. Generally,
the substrates may be immersed in the polynerizing solution for about 3 to
about 30 mi nuhersimth&subgratedsdéppadiinea salition pf Shepobimes. CGERE may be

used to obt gi ' ' ; EPHHTE mnsolvhet
t hi ckness i ?hil}sée{c}ﬁ?gge? ﬁéegglﬁ%%%ki??%?ép‘%ég %ad?s aa ldggelftﬁé;t@? hlﬁgk}:]egs may be

| tho
varied in tHelutaprdo geduee Hip derPsationspe Qﬁ??f?ﬁlx)’aﬁ SED3tRLCE B3y ORi ppi ng

time. The desghiRed iatie golyfReiing sbh@rofdiabdud SpesibowB pPhaaatbsra step,
wherein the conducting po is s m-coategl

pol yier 10 Tayger wth the .
ferroel éctrir@omtwﬁeraﬁweﬁmﬁlr%tﬁardﬁppwgt CHPLEEW Peks It(éogéﬁ‘m&h?
EVDF‘ TrFE CQiB%'iﬂé@Fth%l&fesZﬂr?ﬂlh@éb@hrﬁﬁYe?% 30271831’61fggﬁbthiehhe%saitsim;e;iffo&/!ﬂié Tr EE
avi ng average nol ecul ar i ght royn are us or_form t he
thin filml prl‘ffﬁge lweﬁs\,\g‘éﬁ%‘l@hﬁé“eﬂugﬁqsﬁ mﬁ)ﬁﬂ?&a‘i*’é&‘f&n ﬁl‘ﬁo‘aégFo"rp%) RBr s
anfl cool efl Stb%(?ﬁtd@mnﬁlday g@mihgﬁhgm@ﬂaudﬁ)pinglﬁlirEEaTghheleScAbedrsthp:tsi thgn
pol ymer el ec e er,i s deposited, on nmet 4 subst e ' a
silicon waf eé"rl]o@(?\’ﬁéir E‘% a\/\ﬁl‘?ﬂ?sb‘ilg? ipﬁﬁ?ﬁdu[rFtsgerﬁ’ﬁﬁﬁ%rplé?}ﬂﬁncﬂﬁﬁﬁétﬁ%f’{}g? S on top
of a feiroellager iscsgihicoated milly tlspferredatirigpdlyomerBayn fdm Rysol ution. The
commercial Baytron P is a waterborne solution of PEDOT in presence of 20

pol ystyrene gUihkQiYeSetCd:chri FleDantBht PVISE VIBF Bopol§Mdriod B/2bianidz68/32Due t o

t he poor wetting properties Qf any of the said nmetal filnms and a
f erroel ect rimolariqantent radiax af Y FE haviggavseaghmaleeylapaeighiseronngdhe

Baytron Pt @do0rctustd {6 foraifg SO SR MEPMEyd?SThe filhé arapibsdauentlyer
spin coating, a heat treatnpent a% 100C f(())](r?fiZ -18 m nutes is necessary. This

process can ameatedat 196 “Chiorchhaues and €9 dpga tyremitgBIPETaYf Gent

I's used for dissolving the ferroelectric polyner. The only requirenent is
t hat tHiSs soExampleBal |l not di ssolve or swell PEDOT-PSS film at room

Forr ool eot i 8 CREECHREolRuREHe Qhfirlaetts APRBlBRest s RehiRDel Sibsats,
f erroel ect ri@.epal silieon iwafdi epmgtedcanthgrlatisuDECEniwN IoalTmivbmaiilms) @O nm
on top of a ferroelectric thin film by spin coating from Baytron P solution.
The commercial Baytron P is a waterborne solution of PEDOT in presence of
20 polystyrene sulfonic acid (PSS) which serves as a colloid stabilizer. Due to
the poor wetting properties of any of the said metal films and a ferroelectric
film, a certain amount of surfactant must be added in the Baytron P to allow
a uniform and smooth PEDOT-PSS film formation. After spin coating, a heat
treatment at 100°C for 2 —10 minutes is necessary. This process can increase
25 the conductivity of PEDOT-PSS.

A suitable solvent is used for dissolving the ferroelectric polymer. The only
requirement is that this solvent shall not dissolve or swell PEDOT-PSS film
at room temperature and prevents a possible diffusion process between the
ferroelectric thin film and the PEDOT-PSS film. The concentration of

30 ferroelectric polymer in diethyl carbonate (DEC) is 3%. To obtain a 90 nm
thick ferroelectric film a, spin speed of 3800 rpm is used.

A second PEDOT-PSS conducting polymer layer is formed on top of the
ferroelectric polymer film. On top of this second conductive layer an
electrode layer of titanium is deposited. This is done by evaporating a 150



thick ferroelectric filma, spin speed of 3800 rpmis used. A second

PEDOT- PSS conducting polyner layer is fornmed on top of the ferroelectric
polymer film On top of this second conductive |ayer an el ectrode Iayer of
titaniumis deposited. This is done by evaporating a 150 2 4 NAY? 2008 200B1 nm
thick titaniumfilmon top of the conductlilhg pol ynmer. The active area is
defined by a shadow nmask. Fig. 5 shows the hysteresis | oop that can be
obtained with a nenory circuit according to the present invention. This
mermory ci r cuim thicksttamival film®rctomr ek henerndustingepelyiensi fdgtacsfve agadenor y

circuit Ciryda ey anthadesAflisg, 1. For the bottom el ectrode El the
conducti ng pol yrrer&}gl | sa C PEIZS)OT that I's pol yt h| ophene doped wth ferric

t ol uene sul phon ) u ave. hi on Vi
PEDOT- PSS. THE" ?os‘éogt Ly ERBR oo al B4 v b icd Idrhoint 120 My 1 s
t he hyst er esiceotdiog tofthet;ﬁeiﬂltmmvenyom This mem(ﬁgcmrcdlm@ d:ssentlellpr esent

uni 1o 1 Gop FarkPeahTERRF Byudiflfist STihg oty ALY IR YR A% "

remanence PRXaamuleclodrari thiethotiea edmtrodle)ﬁlathd dmmitlotmglreﬂynmdé’sl BICE2 both

oresent | nvantP o anatd goRERRTys obbed TR Tt tehe b BRARLY b0 g

with that ofsuppesed |t@maacthlgh¢lzcorrdm:tlva§ thani RERO TR .t hlee templactgde
nysteres's |@PRSmadé of ﬁl?aﬁllﬁ?n BAaBRICRbBE 1 ROMRIH R deSRy 1%0#5I thghe menory

circuit C according resent inventio at I ve [ler than the
non- svmltochl rrgemrmcn@altt Grﬁqngr@mgtWethSrHréﬁelﬁrlﬂVeﬁB%r pawém,gcquqmaments houl d

however [}9(%139 heﬁﬁ 18nBO&I G MR YO RI9 Y C&hné 188p 01N atyshé@8RMobpr t he

menory CI rc resent |nvent|on pro bably due to a sorrewhat | ar ger
t hi ckness ofotimerrpéra:rbme@é@rry @repf fpitth semanence) Rinaand eqersiyidy Vaadidver |

the hysteresis 4RPPstERTPIREADES F | By bHhGh&AE loY tﬁbmtﬁntmtwﬂt be sbere, the
bottom el ectrodes wi.t h a_conducting pol yne

r, inth ase Uzgllﬁé | rrproves
the pol ari zaDEBIPTHCIFNAL EcFGCHE @&tﬂ etntr:ﬁeltt IPNFBBPS} RN
menory jEat erﬂeﬂia@ﬂ@ﬁa@%ﬁiﬁti’on Fkgcoﬁlp@%@ﬂﬁﬂﬁtﬁah%ffthé lpﬁlttﬁ“ at, ¥ikep ratsr y

o errory ek et o Pt hrste s oty Ak Bt Rob G ine Pt o o
Phe mermory. GRAIBOZRUaEcar of Hhe PEFTOREY FRUBING BACCSTaR S0dhaPRaH! s g
remanent pol gy Saller han (B8 noatedHeniy Folafishtion P, of the prior art
memory circuit. It should however be noted that the coercive voltage V¢ is
20 somewhat higher for the memory circuit of the present invention, probably
due to a somewhat larger thickness of the ferroelectric polymer thin film than
expected. However, the hysteresis loops compared in fig. 5 clearly shows that
the use of bottom electrodes with a conducting polymer, in this case C-
PEDOT, improves the polarization of the ferroelectric thin film polymer used
25 as the memory material appreciably.

Fig. 6 compares the fatigue of the memory circuit C according to the present
invention with the fatigue of a prior art memory circuit at room temperature.
Curves with open squares relate to present invention, those with black dots to
prior art. It will be seen that the memory circuit according to the invention

30 shows a much-improved remanent polarization as well as fatigue behaviour
and the difference between the memory circuit according to the present
invention and the prior art memory circuit is appreciable up to more than 10°

fatigue cycles, as can be seen from a comparison of the relevant curves of the

remanent polarization Pg;;Pg,. The non-switching polarization P is nearly the
35 same for both hysteresis curves while the switching polarization P* at 10’



and the difference between the nmenory circuit according to the present
invention and the prior art nenory circuit is appreciable up to gggﬁwt@ﬁn
10* fatigue cycles, as can be seen froma conparison of the rel Whr ves
of the remanent polarization PRLl; PR2. The non-sw tching polarizati on Pis
nearly the 35 same for both hysteresis culZes while the swtching

pol ari zation P* at 107 2 4 MAY 2005 12 switching cycles is nore than seven
ti mes higher than the non-switching polarization. This can be conpared with
the prior argwitoagecyales iscmenetaan peyesr iimgsihighestham thefnonssyitebangi gher

than the nonsetizaNbAITRY Sdn BatldoMparbd whel tRdVbtiohiate wileSthe rehadicher word
the present inventi.on . equals. yields 40%5 i ovenent.and a nuch better

np .
di scri mi nat i Barigatignds enly five; témﬁél}ilél&’g&h@ﬁé{‘eélor’i’ﬁ‘éﬂtc PP IR dthpose

a high el asti@’ aoRtBng Eycleerosthes wdrd thBipresyid il EntdRiequbls yieldbue0%o t he
orientatjon m smatch betﬁeen hlgq nei ghbour.i n cr.%z%%t({l tes which are

di ct at ed by WRPIYCHEH & tierrscripppation ¢ Y ¢ pol ymer thin
films. This results in a | ow c‘r%sstal linity in 10 ultrathin PVDF-TFE fil ns.
As a consequidris beligved dhatli s nRyDFsUtEErate opayl ypose & hagh elastici enatgpdnexhi bit a
| over T eMANCRI RA6AHZRih A d AYthANmd BRE Y The Bchtlli g nShACIY BEALen | 1
addition, the interface barrier between a meta? el ectrode and ferroel ectric
pol ymer fi | ntheencighbouringeestelitenorhishiare igigtesobuusing # apetpl pebwtate ot o

the reﬁanentth%%?fdez@étm?a me tHRDfi1h3. @hm&u&ggﬁraelofw%%gﬁhﬁtfﬁf ve. In
the present 1nvention, the ferroelectric propertjes, of -TEEfilms with

P
t hi cknelds f reiwashipsP VOR-THE flms. Aoz sensgquenge, theathin PV R B eed under

di fferent el ggidlimetifBhdSonasis ReSD ex ARAE HEWer TERaRXREPHIRMation 18FE] 4i8d Show
that, using conducting pol ynmer ,eleﬁértlrﬁlde .the crystallinity
!

and
pol ari zat i oniMEAed7E tehagnelayz aqditions thernitertage &t Bet\mmwus

with that ofmehg dlestioed aad fefrorctiE pol Ve filmn%[yiaaso fedl®Athel Ndi cation
that conducting polyner electrodes function properly in ferroelectric thin

fil m devi cespofdiptithinRp@lariaticn Feaslafiablte the remaReAEpb R zatiohePy, given
rmdlflgﬁlon of the el ectrode- .al so.resul in.a beneficial

Todi {1 G 1 orP GOt GuAHE BYEEGID AT Grn Bt Bre A SR HER BT g SHE 25
level and swhiopRities §PPRDFOT FRAUISS &4 thMdi €krid¥pdréang.05ttael pad afd zat i on
Lovel s R N St Lo okt oge Lot FomRaed
el ectrodes umdasurcde Therexpexipeéntat idsalltsshioth thaanasing dondiétidi@0Solymer
electrodes, the crystallinity and polarization level are increased due to their
20 match of elastic modulus with that of the ferroelectric polymer films. This is
a clear indication that conducting polymer electrodes function properly in
ferroelectric thin film devices. Furthermore, it is reasonable to suppose that
the modification of the electrode-polymer interface also results in a
beneficial modification of the interface barrier causing both the polarization
25 level and switching speed to increase. More important, the polarization level
is higher and the switching field or voltage lower compared with
corresponding results for ferroelectric polymer thin films with metal
electrodes under the same experimental conditions.



13 CLAIM5 1. Aferroelectric menory circuit (C) conprising a ferroelectric
menory cell (F) inthe formof a ferroelectric polynmer thin fil m?Zﬂ?inzﬁfﬁt
and second electrodes (El;E2) respectively, contacting the ferroe ”r
menory cell (F) 5 at opposite surfaces thereof, whereby a polarization state
of the cell can be set, switched or detd& ed by applying appropriate
voltages to the el ectrodes (E1l;E2), characterized in that at |east one of
the el ectrodes (El; E2) conprises at | east one conducting polymer contact

| ayer (P1; PAOLAIMScting the menory cell 10 (F), or at |east one of the

el ectrodes (El; E2) conprises a conbination of a conducting pol yner contact
| ayer (P1l; R2) C%tfaﬂ‘bieltg‘thbenaiﬁnmy¢1Icait|(C()R)omprishrEg adembeldckme nzgreory M ;

M2) adj oi ni t t P, f th
ol bctroges. (it (B R orrCde B 3etBRlschsy pRlmet MR rydud Rl g8 ARG, ¢ By
| ayer (P1, P?e)leamdd@s (B1,82)frebpedtiedy, <(dﬂta<m1)g1156:ﬁ¢mioeli¢etm Inmm@t)e@@lﬂ 68k (E2;

El) conprises a_canduct r
ferroelngctrlag HRPSt S&‘Fﬁ?%r“‘ %%)%?a‘(’:vg%{r]%%% PPg ¥f§t1érf§tat£é£}lg€l:%{1rl |C§re1db% t hat
the ferroel eetyiwitploé¢d oedetduited bylapp(ljfl)lgtmmraptlhteckﬂ]ésseso'fo theoelecyades Iess
3. A ferroel tgbg menory circuit (C according to claim1l, characterized

t1

in that the pol ymer has a thickness between 20 nmand 100 nm 4.
A ferroel ectcrha(racvtemca inithauat leas) ong obthr algctiodes AELE2) eompaisesat Xast in

that the fer&r@é&?&ﬂdftﬁl%gggr%{?lc@éﬂtaéﬁayﬁp(’Pf 'p%sco%adtﬁ?gstheoﬂ@nmlyydmr 25

sel ected anong one oW n vinyl 1 dene fluaridé (PVDF)
pol yvi iyl i defg, of ahlemsy one thtbe@dﬁﬁir Eei/ Wpﬁé?%%"@é’ﬁh‘néﬂoﬁlq Her

copol yners r@éonsfg V&s&kwr%‘tnw&%?ex( {;MDFPﬂBFcE)nta@Qﬂg myérmerrﬁérwéw ms)

odd- nurrbere anopo gmars

cyanopol ymeran tnmetah 11’@51flab’ﬁé(Mle 8) ?ﬁcﬁ’r@ln%&‘%&m{}/‘%‘c@rﬁr&)@ lyaner ‘E,O%?ﬁ)ry
circuit (O 3 610(1011 nEp ¥ Q»rqin'y O the élB@fr@&é@(ElZeEZ) aniﬁi?destah&)rﬁbﬁfhﬂﬁiﬂ &0

'z "Goped E%pgg@uét%fépe e%tﬁ'eﬁ a?y%r?ﬁlfi’ GG mosla) i e PR o ped

pol yanils ne, arﬂpﬂﬁdoﬂﬁfle‘lfcadttolﬁ ; BD) y@m kiseea codepedingaolyhicopioatas, and

doped deri valtaly\e/refpé).fpﬂo(l)xltyhl op enes. 2005 14
2. A ferroelectric memory circuit (C) according to claim 1,

characterized in that the ferroelectric polymer thin film (F) has a thickness of
20 1 pm or less.

3. A ferroelectric memory circuit (C) according to claim 1, characterized
in that the conducting polymer has a thickness between 20 nm and 100 nm.

4. A ferroelectric memory circuit (C) according to claim 1, characterized
in that the ferroelectric memory cell (F) comprises at least one polymer

25 selected among one of the following, viz. polyvinylidene fluoride (PVDF),
polyvinylidene with any of its copolymers, ter-polymers based on either
copolymers or PVDF-trifluoroethylene (PVDF-TFE), odd-numbered nylons,
odd-numbered nylons with any of their copolymers, cyanopolymers, and
cyanopolymers with any of their copolymers.

30 5. A ferroelectric memory circuit (C) according to claim 4, characterized
in that the conducting polymer of the contact layer (P) is selected among one
of the following, viz. doped polypyrrole (PPy), doped derivatives of
polyoyrrole (PPy), doped polyaniline, doped derivatives of polyaniline,
doped polythiophenes, and doped derivatives of polythiophenes.



6. Aferroelectric nmenory circuit (C) according to claiml1, characterized
in that the conducting polyner of the contact |layer (P) is selected amﬁﬁ?
one of the follow ng polynmers, viz, doped polypyrrole (PPy), dop’ZeéjMAY
derivatives of polypyrrole (PPY), doped polyaniline, doped derivatives of
pol yani l i ne, 5 doped pol yt hi ophenes, and ldbped derivatives of

pol yt hi ophenes. 7. A ferroelectric nmenory circuit (C) according to claim1l,
characterized in that the netal of the netal film]l ayer_(la\g‘ i.s selected
among one of6.t he Affetriogldatyjc memorykingiiiti (G acsoadingute, cleimahiaharastarieepper
8. A ferroel; | | ' ' | hebheed
10 in that oRanpLEeERINcLld fblymetdr Bt elayer ?gﬁiﬁfr@éﬁ%@éa%‘?‘?cﬁ fin a
mat r i x- addr exfsthslfellamviag nstlymies. vz, dopedipolypyrrRle (PRY n&rﬁgﬁ?‘{/d@él"ﬁtlt"?‘% of a
menory circuy 05h& pbYadildh OB pdded&iva e LHF polyaadigst ri c
pol ymer thi ?%R#lﬂjyé{%%g?mi‘?Ir)}g{mgggla%ecoér}d F?I ectrod SR(l’gl; 2)yrform
portiond ofdeped P%lb’tlblﬁﬂh%%r?dldeql@&dra@évm‘é‘ﬁso B%fi’éﬁ‘cq §S- each el ectrode

means 15 conprising a plurality of parallel strip-like electrodes (El;E2)
with the el&ctrolldsricERctnt mbmose carditgl@caqeoddingtnslabei hcharactariegdat an
angle, pref.erably ort | I Q- ) fier

el ectrode me. nt a{ \}/het We?%ggﬁﬁélrer%gf%gflwga}%gﬁyrégdsﬁ?ﬁ%ialn%];rbé gg&"'fﬁ%er (G

i n sandwi ch folleviage vieeumsuicim ¢ platinuheg titeniwelaadt¢apperenory cell (F) is
defined in the 20 ferroelectric polyner thin filmat the crossings of
respectivel yg t he glfeeldedstasic hEmorpleidchet (CY &dcortingt tooclaimeRsharactetized

el ectrodes (E2) of the second el ectrade. , _Whereby the.array formed by
the el d& rod@ %‘ééﬁ@ g‘i’ﬂio‘?elﬁétmf Wyegqulg?gg%%f‘ at‘HFﬁ’OFY CHARE I ¢ he nenory
cells (g) f %H’%@&dﬂ%s@gbﬁi ada%l g@%miflar ﬁa’fcnitx,- ted tks sedrhery e¢l Q|E|) ed:’?r |) cf
menory devi ce erei.n t addressj.ng.of re tiv C s. (F) for
write and re‘g&“{%@ﬁé‘f‘i%ﬁ&fg‘?{ S %Ipé)ééog i3 at%lé?%gf eF Zgiggonfr?%r,qg%ct&c t he
el ectrodes nesigmerthin filint ahdehacfinstentd sevondtdicetroden @l 1, E2)dorbr yorftmms
driving, contyol. and detection..9.. A nethod in.t f i L o, of
ferroelectri ?Té% @“‘g??%‘lﬂ‘i 8%&}{"‘1%8%‘2% %Spﬁé}l‘r’wgﬁﬁ gaéffe%tﬁfl'({&( eafélsérrpri ses
a ferrdd ectedmprieimg y phelality bf paralldGttipelikoetactfodesf(&rl;B2) adth the pol ymer
thin filmand fir el r X . ] cting
the ferroel e%? ?ﬁr8a%rse@?%/8€g?%]g?%n%g%leggggg %l{:éean%aerlglgioggeq{th%%Eé?%%\%agr eby a
pol ari zat i onpr=fetablybrthiogoaelly, tathebaleseddes (Bt k ddhedirstietasttale mganppl yi ng
appropriate t r ; ; . ei nory
circuit (O %gh[}?‘g\?ﬁ gtggléocﬁﬁgﬁjoﬁﬁ@gfgﬁﬁlngﬁéﬁé‘%e}@t@ge{ @?ﬁ lgggré%g’?%}g?eri zed by
deposi ting atherelstweons such thagdhe derroeledtrac mameny gekk(F) s definad invhe005
20 ferroelectric polymer thin film at the crossings of respectively the electrodes

(E1) of the first electrode means and the electrodes (E2) of the second

electrode means, whereby the array formed by the electrode means and the

ferroelectric polymer thin film with the memory cells (F) forms an integrated

passive matrix-addressable ferroelectric memory device wherein the

25 addressing of respective memory cells (F) for write and read operations take
place via the electrodes (E1;E2) of the electrodes means in a suitable
connection with external circuitry for driving, control and detection.

9. A method in the fabrication of a ferroelectric memory circuit (C),
wherein the memory circuit (C) comprises a ferroelectric memory cell (F) in

30 the form of a ferroelectric polymer thin film and first and second electrodes
(E1;E2) respectively contacting the ferroelectric memory cell (F) at opposite
surfaces thereof, whereby a polarization state of the cell can be set, switched
or detected by applying appropriate voltages to the electrodes (E1;E2) and
wherein the memory circuit (C) is provided on an insulating substrate (S),

35 characterized by depositing a first contact layer of conducting polymer thin



15 filmon the substrate, or a netal filmlayer on the substrate foll owed by
said first contact |ayer of conducting polynmer thin film depositin Yg
subsequently in either case a ferroelectric polymer thin film @rk Y& 1083 r st
contact layer, and then depositing a second contact |ayer on the top of the
ferroelectric polyner 5 thin film 10. Aldethod according to claim9,
characterized by depositing the conducting polyner thin film by neans of
spin coating. 11. A nmethod according to claim9, characterized by depositing
the 10 ferroflmaty the pudisyrase, otha mdtal filrayereon ithe substratsctoll byypardeans

of spin co 1¥%eron]fgct IAVERLBOOhASGRLAEDE G, BAITIND J GRS SibLRfchIly

annealing th i rst tact [ayer erra tric po
filmat a teimpeitkergaseds fersprlactriupayanercthin fidny o8 phe firgecorigstiavesnand eps.

15 13. A Wtﬁféﬂ&cﬁﬁﬂ d%a §eeoﬁh%ma%t 18 &H}%t 8f bive P&P@él'e&triwpaly‘iﬁﬁond

cont act Iayer of cting polyner thin fil nthetopo t he

ferroel extrit Ff}/mer thin film 14. Arrethod accordlngto claim 13,
characterized by annealing the second contact |ayer at a tenperature of
about 140C without annealing the 20 ferroelectric polymer thin filmbefore
depositing the second contact layer. 15. A method according to claim 13,

characteri zefh by AeRefidd ASbcrdifil 8 claih 90 dR¥SEtcFRol Sy 86Foiing e Second

contact | ayer.
conductlng polymer thin film by means of spin coating.

11. A method according to claim 9, characterized by depositing the
10 ferroelectric polymer thin film on the first contact layer by means of spin

coating.

12. A method according to claim 9, characterized by annealing the first
contact layer and/or the ferroelectric polymer thin film at a temperature of
about 140°C after the respective deposition steps.

15 13. A method according to claim 9, characterized by depositing a second
contact layer of a conducting polymer thin film on the top of the ferroelectric
polymer thin film.

14. A method according to claim 13, characterized by annealing the
second contact layer at a temperature of about 140°C without annealing the
20 ferroelectric polymer thin film before depositing the second contact layer.

15. A method according to claim 13, characterized by depositing a metal
film layer on the top of the second contact layer.

25



