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Mul ti-Stack Ferroelectric Pol ymer Menory Device and
Met hod for Sane Field of the Invention
The present mmmmmwm& es to a ferroelectric

pol ymer nmenory devige. 5 and a nmethod for

manuf acturi ng such a device. Background of the

! nVertQBtf&rF&%éIé&ﬁibnglyﬁ'_ﬂ?F mehﬁgq)@jgé ghé QRRBH o
pol ymers such as pol y(Vi nyledene-diflruorrde) and its
copol yners, is attraddamefagtiucingrSamearch interest.
Though ferroelectric polynmers exhibit much small er

Fdd ¢ He ﬂnQ/ R%ﬁlri zation conpared to their inorganic
—wunm-p'an—?rd

. decent perfornmances, sinpler processing
and significantly | ower manufacturing costs have put
f err dhbgresent ipodntiver ralEtesty aoteridetedtBePolynierademoary device
Tge al | e%e%ﬁdemeri ts . of havi n%til oW r emmant
apgiamehg AN fatug0e SEEN@ 4FMi%e - pr oper desi gn of the

devi ce configuration. For exanple, a greater overall
BagREDURE F3e Renlian’ ecei ved by stacking menory cells
“To 1ncrease ce area. Various nethods of fabricating

ferroelectric polymer nmenory devices wth nulti-stack

or noiEfoelegyiia  Eerayuibasednomaleeropiasiricli pelyowss. saple as

T i R e
iftatast.catThaugh rfetrbelecafik, patyraeke dexpibiy nRUCHE BRTafle” Oremnant
devi ce. The method di scl osed, therein, however

PPidERH coBRaed o thRbHIBPIGARISyFaWNPRATS. idearnk meyformances,
bk A A

fe8r@3ect86 Dolyragr. mEhwryentbe rdeswoinp seatinmaer dihe, allegee\demerits
sa r ires repeated. photolithography, 25 U S .

oPhR iR TAYS rerp gl PalasZrtian an Be USECem il @ronss fssian of the

de¢ik CEonfifUrRtidr ng:o'i*“éiémhl@}’eé ?@mw oSbAfK sessitRealc8f be

by insulating | ayers. Eac mul Ti-1ayer menory stack

reqeivastiey stagkingapemery celleia ipereaserqedl gseayner materi al ,
each | ayer sandw ched between two sets of el ectrodes.

Eachyanbhs théM8ls of fabricating ferroelectric polymer memory devices

with multi-stack or multi-layer configurations have been disclosed. One such
fabrication method is described in U.S. Patent No. 6,624,457 [1], which
discloses a method for fabricating a multi-rank, stacked polymer memory
device. The method disclosed therein, however, requires repeated
photolithography and is highly complicated. Another method of making a
ferroelectric polymer memory device is disclosed in U.S. Patent No. 6,858,862
[2. The method disclosed therein, however, also requires repeated

photolithography.

U.S. Patent No. 7,084,446 (3] discloses a polymer memory device
comprising multi-layer memory stacks separated by insulating layers. Each
multi-layer memory stack includes two layers of ferroelectric polymer material,

each layer sandwiched between two sets of electrodes. Each multi-layer
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menory stack thus requires formation of three sets of

el ectrodes. This adds to the manufacturing cost of

the pol yner nmenory device. U S. Patent Application

Publ i cati on No. 2006/ 0048376A1 [4] discloses a
rrf&ﬁ&&e%}%ﬂi this %ded{r'é%ffoﬁﬁaﬁéré/ gFﬂYrbB%e?s g# gre%ln‘ohlésprhis adds
st acke ayers, each layer separate roman
tetieuinagufarpeinggost gb they palyderinagrapry d@\deelvant ageousl y,

the di scl osed net hod enpl oys a sem conductor substrate

" oac H9ePBlEn ARl EofeafE B, S0B6HRAE370RY () aiscioses

affelrpblEcef: ﬂ)é’l%’m’er GRRb ST I VInG P GaBtaSt RAKEIBYBIsY each layer
stack from the next, "each nenory stack requires

sepaiated dionpfan aRsyegdaygr by écpelyiteide layer. Thigaduamtagepusly,
ey C ' f_t CL I I r -

W PEBSRA UGS HR3byE, 2" SmlcBRERGP S ite 4 reauires

patieien sofv enatal dettaidesmbpubaedastivegerehirey rppetesd. r i Eurther,
pol ymer menpry device. Summary of the Invention The

bSP%‘é%th HQ'&‘H‘E‘WSH%‘P%W’HB?!G'Y Feqragates eagf@ée%moa/ stack from

. 5 i , :

e R A EfomonstBeR B oaldEbt BrEgde & eifetrodes.

Toelssaddsoibetheanarufantiiriageost otithedeepeteetid polgter memory.
ferroelectric polyner layer; a second ferroelectric

pol yaer | ayer over the second el ectrode; a third

o eot tte 1656 FXFHea JaRgh 40T & FERIR AN INSmEppiye method of
mMaBdctutifg afféfrébbec&ii‘,cp%l?méﬂﬁ_\érﬁd)rfydiev‘f&eeﬁ rodes and the
first and second ferroelectric polyner |ayers defining
first 20 and second ferroel ectric capacitor

Symmaty etdbe Inyantionn t he second electrode is conmon to
the first and second ferroel ectric capacitor

stru I &Sy gaTall ' i yer ;
The TELFRseAl IuRtaR, BTIdes, B A R resP & o Pavice,
campgisingd aafirst alecttdke; i anfiesitfeonelegtrich polyprasviaders ower the first

had. f 25 facturi ' ice, th

[REHRER: comprfRd mectaf gl Ing, el e Bt Eanolfir Jawgr: @

s8cdrid fedRIehsdtfic BoRMerTBYer AW th@%BEoridIBlektrbat:; a third electrode
el ectrode; form'ng a second el ectrode over the

over the| seqande fpapglgetric ppbimert dayerndhe fifst.oseeend eand third
v e ferrae i L

o388 o SRS BRI, i R ceing s

andieequeé fiérrdelecwiel caplacitor salotorss, Whgesinakesetbrd electrode is

common to the first and second ferroelectric capacitor structures; and a

polymeric protective layer between the first and second ferroelectric polymer

layers.

In a second aspect, the invention further provides a method for
manufacturing a memory device, the method comprising: forming a first
electrode; forming a ferroelectric polymer layer over the first electrode;
forming a second electrode over the ferroelectric polymer layer; forming a
protective layer over the ferroelectric polymer layer by deposition from a first
solvent; and forming a subsequent ferroelectric polymer layer over the
protective layer by deposition from a polymer solution comprising a second
solvent; and wherein the protective layer is insoluble in the second solvent

2
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sol ution conprising a second solvent; and wherein the
protective layer is insoluble in the second solvent 2
and the ferroelectric material of the first

aﬁ&ﬁtﬁé’f’é@&éléétﬁc F?ﬁét)éﬁﬁfoi‘ fRXEHrs @rﬂo@féﬂth@h@lyrﬁ& I&)'fl@r i5lifSiuble

solvent. Note that in both the first and secon
lfatélsétfstSSQiVenthe invention the protective Iayer can be
fornmed above the second electrode | ayer or

i N SHE, h BRAP e It GRS Eh<EE ST, ﬁyfﬁ iivRofign the

prigdthe, IayzemwalnSItreg foﬂheﬂ eabbvé httee sdodblde@lectrode layer or
&erroeletrlcgg mer |ayers and a plurality of

Bativel Lalow dhe séeandelgajradeyshai r of the

ferroelectric polyner | ayers being spaced apart by a

prot fCtd Yifird %)é%bct 1t@ie%%ﬁtlé‘ﬁ Pfther Hrdviady aé‘trf\%ﬁﬁ)(;&f %egvice,

the invention w |l become apparent fromthe
compssingd atl teast itprieeostackerk éarroelectdnjpolyrneniayers andre plurality

o SORTRRR R BT S AT 2 8, BBl PR Svers
béihg éb’a@éﬁ%’érﬂ% dheotbelilewyag detail ed description of

preferred enb ments of the invention wll be better
under st ood when read in conjunction with the appended

dr aviPHIY. aspestpaRderdvaniaaas Pbihg énventiotwititkerosye apparent
fr?ﬂc'n %@"?(5IF6W|@ﬁddhfa||IQEL dregP]ér% DYl |ﬂc%%ﬁﬂﬁﬁ¥lbﬁg with the

ures, 1In ences 1 ndicate sim
amcenpam;sng 2BawinGs, lllustrating oyl wagesf exarsplestbet printiples of the
view of a nulti-stack nenory device in accordance
INYPPHCBne enbodi nent of the present invention; FIG 2
is a schematic flow di agram of a nethod for

Bﬁgﬂ.&g@ﬁ%rdnrtgthg@ram@ -stack nenory device of FIG

s a schematic circuit diagramof two (2)
stacked nenory cells in 25 the nmulti-stack menory
devi Bee Jolipviag detaipd, dasqription ehiraeigsed embodiments of the

inERfoh SKt bR Hett CYh@rstbdi MherStBEK T ®function with the
appended drawings. The present invention is illustrated by way of example
and is not limited by the accompanying figures, in which like references

indicate similar elements.

FIG. 1 is an enlarged cross-sectional view of a multi-stack memory

device in accordance with one embodiment of the present invention;

FIG. 2 is a schematic flow diagram of a method for manufacturing the

multi-stack memory device of FIG. 1;

FIG. 3 is a schematic circuit diagram of two (2) stacked memory cells in

the multi-stack memory device of FIG. 1;

FIG. 4 is an enlarged cross-sectional view of a muiti-stack memory

device in accordance with another embodiment of the present invention; and
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device in accordance with anot her enbodi nent of the
present invention; and 3 FIG 5 is an enlarged
cross-sectional view of a nmulti-stack nenory device
i n accordance with yet another enbodi nent of the

Preseng. isNsehhi dllargedetRiskadcksral ikl ?f" ad Lﬂt‘ﬂ?taok memory

Drawi ngs The det al I e descrl ption set fort oW in
dewierdi aicoordance witheyet ainagiperraeliodiment nfjthe presantinsention.
as a description of the presently preferred

' t [ tjon, and is not intended to
D%%%% cEr 'E Qe [hgs =N V\,hl ch the present

i nvention may be practiced. It is to be understood

t hat Theheletdilel @esefptiorn| st férmchelons imayomtection with the
acconplished by different enbodinents that are
apﬁ?@%%@rwnsé isniptansiess ag deserptiane of dop dresentlyeprefgrred

ehDERIthEAER: ofFiﬁE%\r/éﬂlQ)nn%Wgtlerrroit i@]teﬁdeé‘rt‘o ‘?é‘;!)r"érsgﬁfjthe only form

cross-sectional view 6 Menor y
in@hich tteopresemhavention ynalebeqeratlicadic ltudes bze understood that

substrate 12 t of electrodes 14. (extendin

e SR e O agbyalet FuidonS; piaf che ¢ RECoTBRUTTRY 1T cfifterent
ehfbodinERLOMAL 2Pé itbn8bE G TR 8RCIPPaSHEY wWithth % sgope of the
el ectrode in the second set 18 is shown in FIG 1),

ifvenseN.prot ecti ve |ayer 20, a second ferroelectric
pol ymer layer 22, a third set of electrodes 24

(ext a nd pr R .

| e RBGfig ol o 16, AR4EY et SRR ROALCY & a uit

stdak mmsdnyadew&é 1CThe ghawd. f Fheorleesdryi deviobyT@rincludes a
fornmed over the first set of el ectrodes

Slihgféﬁ%e b%et%rftfr%t 89kpPf fpatiasies b# (EXlengdings indettharRage), a first
I NEGHC %@v\@gpgfg&eq@w&efedoﬂdt ga fof T Sbcf6ded 4 s wﬁl{y one

second set ctrodes ornmed over t
elestrodelire the $ecqral setel8 isahpewnli6, FIG]el) aenesntprcntdetwe layehg0, a

8 di th
st fertilediiic BohENet Aot B2LRIRKT Set ol BsctSts 2 lakanping
indy thie pAge)f aridh SeRbh@PreEtlive a9t PREITHd ﬁ%eéetl@r Séétfodes 14
that 1t extends over the second set of electrodes 18

isafImesk enothe sebsiratent2.f i The firslr feseiadeatric pqipngmdayer 16 is
ch fﬁé%r g\;&Tﬁ%t V‘f%?%e?% ae‘?@&l’ o%l 854 a%%eéxfeﬂpg ho%féspogggrq% of the

cond erroe ect rorc poly
stilpstraad 1@vipstwiden adjacait glectiedds nethbdirer sét014. TTRetddicofld set

o? }ec(t)rfodgls 6108t r|so gr%e%df olvgr ];hoer rfrltjsctI f%\r/r%Ealetc?r?c polymer layer 16, the
electrodes in the second set 18 extending transversely to those in the first set
14. The first protective layer 20 is formed over the first ferroelectric polymer
layer 16 such that it extends over the second set of electrodes 18 and portions
of the first ferroelectric polymer layer 16 between adjacent electrodes in the
second set 18. The second ferroelectric polymer layer 22 is formed over the
first protective layer 20. The third set of electrodes 24 is formed over the
second ferroelectric polymer layer 22, the electrodes in the third set 24
extending transversely to those in the second set 18. The second protective
layer 26 is formed over the second ferroelectric polymer layer 22 such that it
extends over the third set of electrodes 24 and portions of the second

ferroelectric polymer layer 22 between adjacent electrodes in the third set 24.
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second ferroelectric polymer |ayer 22, the el ectrodes
inthe third set 24 extending transversely to those

in the second set 18. The second protective 30 | ayer

26 is formed over the second ferroel ectric pol yner

ThéBfﬁ"Et 28c8MNG témHhtﬂFrd'éets BXk de¥ ey, t1t8e%(§c§“2ﬁdan°oefhe°ﬂrst and

el'ectrodes 24 and portions of the sécon
se@and)éeeroeiectnq)qumer llayers 28 betdwe@2ndefipecfinst and second
qtrodes in 4 The first

third t 24 second
iPedife Gaoapisbftrittel 8anda0, ihe'SrenslSetrof FiRgiodes 18
béinlgsdorﬁm@n te @R e fiekt i LRlofatfe fréeRet ®ipdc £ EGudtlire 2B and
22 define first and second ferroelectric capacitor

3@t r Marer eartigglagiid the firsh sek of sectsedesofl 4eltlee tfirald égyraedectric

oB8 6000 1, oLl o GERDHL 95 B8 R}y momory

stagk P8/ sindstie @ecehdciétodﬁf’elécﬂrodd&eml "tBé second ferroelectric
ferroelectrlc pol yner | ayer and the second set of

pelyRaT1ayRis2d gnddherbird sat pétequ%mey 24, dgtine agsecond mgaory
st%%fymer E bt gé&%fegeﬂg%&r%o %&9?95\& g anleg drﬁad on

ayer e thi set ectro
trele$ubratrade 48cond nenory stack 30. The first and second
menory stacks 28 and 30 are supported on 10 the

b te 12. o i.n FlG f| Sl
sot <n5 it 385 15 AP oAt i s of SlestBlhsalt Hd 24
ektefdpprRethe plainkeoft the ;Seﬁ:%?nWhﬁé‘tthéfse%bﬁétsfe@@#%lécﬁrdde% 18 lie
parallel to the plane of the paper. Several

peradektothienplanpefibe papre Several aiess-peintmbetvaen te first and

S SOCRE ol RPs 5 A1 B0 bER 5 S80St o
electradge mérand 4 tahe this &irmescloytie aﬂﬂdgérhéhdoﬁﬂﬂesfnef second
el ecféodes 14, 18 and 24. A first _nenory cell

and fhifbgetgof eéeqtgp@glsl ¥h 1\%%?%21% Adfirsk igell Sr?els deflned at
aWi’&ﬂ Wwisdrelsh 6lcefe8e lr@fhee%f‘éa T 1g‘?rto§§es Bh re‘féctr%‘?fe in the

4. and a second nenor i ned at
flnsb@at ildnantea seaond erh@noryodell Ba isroefinedrat adﬂcazmn where an

o335 do Tiernfg “E0PR.rRs e ancrioarods n s sethre seiiRy An

af8y lof fi#ét AiePnoryhesiis! 33 paet arY%erédeff 588hd mérﬁ@'yfééﬂ%t 34 are
and second ferroelectric polyner layers 16 and

thU@ rteﬁ@e@tﬂ\@éxsdsbnﬁd i dhe ifigetr and @ﬁcgmd fersoelpetsic, p@xemenéayers

‘ﬁdt 5? g:s.:eer te g sgcqe“ . %ﬁfq/uﬂ’étporﬁgn@%? fI?SA% sé@o%d and third

sets of electrodes 14, 18 and 24, the multi-layer ferroelectric polymer memory
device 10 consists of two (2) stacks of ferroelectric polymer memory cells 32
and 34. The second set of electrodes 18 in the memory device 10 is shared
between the first and second memory cells 32 and 34. Depending on the
number of electrodes in each of the first, second and third sets 14, 18 and 24,
a corresponding number of first and second memory cells 32 and 34 is formed

in the memory device 10.

The substrate 12 is made of a polymeric material that is capable of
withstanding a temperature of at least 150 degrees Celsius (°C), for example,

polyethylene terephthalate (PET), polyethylene naphthalate (PEN) and
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device 10 consists of two (2) stacks of ferroelectric
pol ynmer nmenory cells 32 25 and 34. The second set of
el ectrodes 18 in the nenory device 10 is shared
between the first and second nenory cells 32 and 34.

RRRE! NGRS I Fratd YBDR! fibie! %?%n'y“t ‘?&%BsQf witH€about
o\} ang % 1%% i% E

I'rst, secon third sets

W&B@mm&@mnbeeveﬁ up its 200@ ek, sbeangwtyplmimry cells
32 and 34 is forned in the nenory device 10. 30 The

substrate 12 is nade of a polyneric material that is
capabhe algctragesnist thedirsly secoadpurchthirkset 14t 18 amst 24 50e of

<{E S8R LT Rpe e S B P AERYERY Braep (. o
wadth of hewesn abdat 1 ]}}heaﬁd %buaﬂ 000.£mi, andl £ Hibkreosanst between
of any thickness, wth about 20mto about 500m or

abomzmrpmtancﬂabﬁuhsoom ,nand ype oadde Eheoaditgatﬂgodmenens such
first, secon nd thir 8 and, 24
&l SO STH PAs SPRRRTAC L icke! ). el sisgan 1aDr Bl (Au

oAby theRsdfon (e.g., a 5 width of between about 1m

and "about 1000m and a thi ckness of between about 20nm
and about 500nm), and are nmade of conducting materials
suchThadirst and §Qa<hfp!ﬂi éerreglectsic gotger tayeper 6(and 22 are made

of T e o TorBthblF s ¥BLPrbe. Py uorice)
(P\ADE) and @ copdlyEde eofevinpideneiovidekarimifiliefid® ©l(¢DF TFE).
pol ymers such as, for exanple, poly(V|nyI|dene

fluo PVDF) and a copol yner of vinyliden .
£l uoffhaef)'rah rqt??%\f%avea@%mcfﬁ e unq'ﬂeylymg Higst ferroelectric

p?lZﬁ\te‘:r‘Q%yé/rew%fﬁﬁ c‘%@ns&?éﬁdﬁ%ﬁ d%fsﬂﬁﬂe{) bﬂéqge%r{os?erroelectnc

rroelectric l'ayer 1 rom danmage durin
pollgpm| lelyen 25 atnhle&manlm dfeanyp gdadymer cpoqsesylngrtheay@rowing
nd is made of any pol yner possessing the follow ng
prf§ %Spertles (i) substantially non-electrically
conducting (e.g. its electrical resistivity could be

| n tn)e r asgsstant@ilyl rork8idtridaity C mohdudting 1(5.§. Cén @l@ctncal

filmformng (|||)|nsolu1kale|nthesovgnto
rqﬂﬁtvﬁxépog[q ke |rbt,lﬁnefraag¢mn@ﬁ % Ha'° Ohm-cmto 1 x 10'® Ohm- cm)

(i) film forming;

(ii)  insoluble in the solvent of a polymer solution from which the
second ferroelectric polymer layer 22 is deposited (i.e. the first protective layer
20 is not soluble in the solvent of the second ferroelectric polymer layer 22
and is therefore resistant to the solvent (e.g. dimethyl formamide and N-

methyl pyrrolidone) in which the second ferroelectric polymer 22 is dissolved);

(iv)  resistant to damage at processing conditions for forming the
second ferroelectric polymer layer 22 (i.e. resistant to drying and annealing
temperature cycles of the second ferroelectric polymer layer 22); and

(v) optionally, ferroelectric.
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20 second ferroelectric polynmer |ayer 22 is deposited

(i.e. the first protective layer 20 is not soluble in

the sol vent of the second ferroelectric polyner |ayer
and is therefore resistant to the solvent (e.g.

Tﬁbnﬁélgbﬂerf r‘ﬁaWhQ[% e ikt Er‘dtgé’tkveo}z’aﬁfe?'%@c?@ef rrh%?‘_’@' ifRially

he s cond erroel ectric I ssol ve
digso)vedeii st aolvenb a@dnﬂgpoatedpundelssongltlonsdhat alos nbbrcause

f h 25 |
defiade” et Agteritrafdt oty the " B CARdR: R’ Tk urdtivias first

fé?VcS‘éI@c%n@fpdlﬁﬁeﬁ%@FdIGf e 8feFalérds, IPrRi ﬁFg?rferlréé!I%Etr%Zbolymer
optional Iy, ferroelectric. 6 The polymer from

Iamr c1r6 tmmsplubie lrp)raasebrem/&onayémcmme irgtcprotactive Iayer 20 is

cbivale i € Fe e, boRoRc ke FORERRDT s 4 Fling or

ctifing t@npgmmr@aém ddraaiodl) tarobmiggrthyifing protsstive Iayer 20. The
ferroelectric yner | ayer 16. I n other words, the

pelymar from viteha éhe fitst wt%%\fe Byprgeris fgmed shaidd higve at feast
geSéUI\Yeﬁﬂ hgf %Wﬁhd E%lgn% tﬁéturﬂeﬁgﬁl@t n‘é? fAY&EcHR pSlymer

ep03|te I'S resis t0 danmm processi ng
layendi6t |/kitmhe($arge tidveyiinshauld atser noighée sofpeteainuihe saﬂwbnt which

. duration) . for fo the first protective |a
iSTsedy B sty GRPwTsleate [palyeE, of tha rssongy farmomtectic
pbgnf&r E‘?@r swul éxé}ﬁ}ﬁﬁesabf | §ble ?agmlctheﬁa@t fHOBR first
di ssolve the underlying firs erroel ectric

ppdegtiver layer |20 énclude, but are nodrinitédnto, insulitiogl dheamsplastic
be s n _the sol vent e hSwused to

ol nedF sB8h 8. fourPeioide: PrVEy) SRRl gP VL S8 g hyacetate and

nfdafreuelaaatdgu@s prrydreand PAyardtiesEx@d RS f6f exHhipd®)| Rlylon.
yneric materials for the first protective |ayer 2

|r1$#&atlm@eth%mopéa%lf3n@9 ymess teueht @s thesal exentigned are generally

scBIn {g’\jﬁﬁ&y?@% %P\EBWA@ P?rﬂfr&ré 8t a‘ﬁ?@g&wrﬁtg that are used

thddeﬁSlemea&Edoo@LIesrowamDpolqnﬁrpa)}@rlfﬂﬁ SNyIcfnslcd‘ncBErrdabéctric
t her mopl asti ¢ po rs

DG EIR 5 SR 8 rRA DB RE D BogBRbrATG CRBMIER Soments.  For

e% le, e bBﬁ/@thNem'efh)II h?xﬁem{b 08%@8!@5503 VEeV5F-TrFE)

are used to deposit e second ferroelectric
cwﬂnlymr, bat évot 28yloNyl TonsT e dsdiant omi-eresol, con dbé yotbes ,hand,

E R Gt X TR A
thicKre¥bRhar Eﬁ-‘)wdes protection to the underlying first ferroelectric polymer
layer 16, but that does not impose very high insulation (or resistance) between
the second set of electrodes 18 and the second ferroelectric polymer layer 22
it comes between (e.g. a thickness of between about 10nm and about
200nm).

The second protective layer 26 protects the multi-stack memory device

10 from wear and tear during usage.

Having described the various components of the multi-stack memory
device 10, a method for manufacturing the memory device 10 will now be

described in greater detail below with reference to FIGS. 1 and 2. FIG. 2
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copol ynmer, but not Nylon-11. The solvent mcresol, on
the other hand, dissolves Nylon-11, but not
P(VDF-TrFE). The first protective layer 20 is of a

t hi ckness that provides protection to the underlying

shéwsta f’rﬁ!tﬁé’@'ﬁﬁfdr' rﬁaﬁ@faﬁfﬂ?fn {r@’ﬁ{ulﬁ-@tack%e AR 10 of

not i npose very high 1 nsul atlon (or resistan
FK&t veen 25 the second set of electrodes 18 and t he
second ferroelectric polymer layer 22 it cones

aboul BodEstnpieP £, BECHet e 14TRVatVRlf, 'SR Tt et o

elctrbdes Sl 4t iaeformbtli ors el stRTETEYodR Qﬁostrb@eﬁ@om YReprs4. At
and_tear during usage. 30 Having described the various

St@@n%nf@ﬁtferbferfq%eﬁﬂp ograclayseibris fogmed vet ghe dirst set of
e%?raggsfﬂ{ fARLHE! S5 ép%lélfff%e%‘:ogg%cl%r%g Woldr HAVsirst

escrlb I n greater valthre erence
fermetéciic pdlyamet [dyerF16:at ftepB&hows a nmet hod 50 for
manufacturing the nulti-stack nenory device 10 of

ot ovPaRasTIeR o1 RubSednd ferrarlEef RRteeR Iaver fEmeaupgimer
sélutien n%v HasR @faﬁ RS 'fé’ftrGelégtr@t él%ﬁ@r %er/éfs the solvent
IS

step 5 t he |rst ferroelectric
inf yyhieh tbweerfe'trﬁ@lectncstpomeroﬂs edlsswlvedlesomd aime obse@dm the

B R N T A o p—

thef first Wédﬁlﬁt pdlﬁrlhéﬁﬂé t18,ahBdirgiTBrotb &Ry layePP0ais formed
sol uti on may 3e an underly

ol Tulies, RroSRAgadol RE b aye Bl SIAARD priey fan forming a
Nl’?Eé”d& hh?erf@éué&ﬁ ryégrlgybvayér ihe %ﬁ@%tgaﬂ, C%gzo. The

I'ssolve t erroel ectric po
filshyprotecoe dayere 20! is, depogiteel éom datuipa tsingt aekrfdwrstcoating

oIS af DB Rl SR CORING, et eindbnd Spray Coating.

PFélirkéHﬁﬁerH@Yéi‘Ichl@s akp8s t@oplﬁél'n%r U\P rh@iafibA Sréchemicals may
subsequent ferroelectric polyner |ayer over the first

beremployedeta agepareotheThpdadying rsurfaneofarctepesitiayef e first

from sol ution using a known coating
p'{oi%?qw aé\éés Ch as, for exanple, spin coating, dip

coating and spray coati ng.
The second ferroelectric polymer layer 22 is formed over a top surface

of the first protective layer 20 at step 62. At step 64, the third set of electrodes
24 is formed over the second ferroelectric polymer layer 22. The second
protective layer 26 is then formed over the third set of electrodes 24 at step
66. The second protective layer 26 is deposited from solution using a known
coating technique such as, for example, spin coating, dip coating and spray
coating.

The first, second and third sets of electrodes 14, 18 and 24 are
deposited on the respective underlying surfaces using known deposition
techniques such as, for example, screen printing, ink jet printing, vapour
deposition through a mask, laser writing, laser-induced metallization and

evaporation.
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Pre-treatnents such as exposure to plasm, W

radi ation or chemcals may be enployed to prepare the
underlying surface for deposition of the first
protective |ayer 20. 20 The second ferroelectric

pol yrae hﬁﬁfeéngzséc%nfdo"fé'ﬂ?@ele&?b Eo%(ﬁ'iérsléfy%?scﬁ Cﬁndr@ are
first cErotectlve ayer 20 at ste 2 step 64, the

depositeds dromf aepelymesdsaiution using okmmm omlrlgheecsmnqums for

f electr| ol yer I second otec

oGR8 SBR: BT reafifsdH S etme Pirer “Ehrtitous
cehmg hwﬂﬁ@d HEIRing R ndRfimitbaetos egeingryrdcating! dikecdang! and
26 is deposited fromsolution using a known 25 coating

dP@@Iﬁﬁlhﬁﬁe%@tm%s for exanple, spin coating, dip
coating and spray coating. The first, second and

thir e?@rrrlﬁ HowPlSEId %ﬁs&ﬁem&ﬁ’c f?gu@él cﬂef\R/BS(? § §fhcked

on the res ectlve un yl ng sur aces u
POy teltanBtandqulnem&_smﬂtl ata,ckfmerrmmrﬂﬁvu:e $orefeRlG. 1 is

sﬁﬂwahbﬂﬁ% slﬁggﬂ es}eép“ tltpgq%g?gqgé@%?mggﬁgz%ﬁ spnared by the
MEh G/ ée?II%tQS)%naer W@pﬁ}Eﬁth%ecénJ hﬁeﬁwaﬁewéaww are

ferroelectric polynmer layers 1 are deposit

ifdependenty driven bylapplyimng agungemndﬁmt@dmttnm@eld across the first

b a0 EB1e o Der R E nod el AR < be R hE Bt sers

of edoudides. 19 ahdre4. IWRbh adésendenitly! driven, aRétfirsidandisecond
coating, and 5 doctor's bl ade coating. Referri ng now

menayells, 28 agd Rhaperate asdwiot (2 iingdarandent memneny)cells, each
hrﬁéﬁg'ﬁ% owf] Ce&%gﬁ?#ﬂoﬁ%c%ﬂ&cﬁo ILIBWEOS WH et %ﬁr}ﬁe electric

shown. - The 'Secoh
fieIﬂ |elapplle0cﬂ@$hd8rst andahirdrseto ohslkcibdesd 4bgnd B4, the first and

SEEeL eonpel 2 Bnddiq At SEHIBREDYSl, GTeR B8 opetate as a
sn’»\gnsl M'eﬂ%r?%e"”d‘ﬁ@%lﬁﬁtﬁltsn ACahi thué bel Hupli@ss the

first and second sets of electrodes 14 and 18 and
across the second and third sets of electrodes 18 and
24. Ratarring dopeinl &G ¢, @ni erlargacherdssreactignal viewootia multi-

sﬁ%ﬂ%gm%g lpévn%é ﬁwjhg\(? n8 q%tatsgc&‘ci'd Nt t‘\zr?i nr?l%%?s RS 102,

nmenor
104 and 106 is shown. The memory device 100 includes a substrate 108 on

which the first, second and third memory stacks 102, 104 and 106 are
supported, a first set of electrodes 110 (extending into the page), a first
ferroelectric polymer thin film 112, a second set of electrodes 114 (only one
electrode in the second set 114 is shown in FIG. 4), a first protective layer
116, a second ferroelectric polymer thin film 118, a third set of electrodes 120
(extending into the page), a second protective layer 122, a third ferroelectric
polymer thin film 124, a fourth set of electrodes 126 (only one electrode in the
fourth set 126 is shown in FIG. 4) and a third protective layer 128. The first
set of electrodes 110 is formed on the substrate 108. The first ferroelectric
polymer thin film 112 is formed over the first set of electrodes 110 and
extends over portions of the substrate 108 between adjacent ones of the

electrodes in the first set 110. The second set of electrodes 114 is formed
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having its own individual storage capacity. However,
when the sane electric 15 field is applied to the
first and third sets of el ectrodes 14 and 24, the
first and second nenory cells 28 and 30 are

o%l“'rﬂet ?%6dieél’rlbvﬁd])gﬂaptrﬂﬁ‘?ﬁﬁt? F%hé e|§étr63e§ BB second

e out put  si can
sekl t4 exte@dmg/\trams%lrselydo treosednithe gmi set 039 Sbetfirsihpriotective

10
et 318 s e premibRdist TBaelesT RS met g el 2 ich that it
eRIEPAE. ovéie thee rgércbna eYHIC Bf Jé?@ctfdlﬁsu 4¢3 andUbsiibRs eoflfh% first

on which the first, second hird nmenory stacks
ferpasleatoa pefmeothin film 1§l2ptpeime@a adja¢entslectradess in the second

sBLASH P, ShERhLERY A 1R EE PR spBbbafer pre s
pedtectiveo tger 1116, (onlhey tane seﬂ| scbleatedss 1T iSd6med Siier the
114 is shown in FIG 4) first protective |ayer 25

seqend fereqalestec malymer tfum rflire Y&, Jhe eledifades mﬁhqibnrd get 120
eH@nH;}ngsﬁénﬁfer&léﬁ G t08%SinltRd se@SﬁB%%g 'ﬁg. 'tT';ﬁer %écrb%d protective

a secon rotective |

layer @2l iscformed qvelr e rsecbond félrrbeled:ﬂ#: pelyfmeurthin fiat 108 such
electrod s 126 n the fourt

trs g SSGFE qier Ieisd S8t Sl Rlectiadker 1P and erians oipe,second
felr?&le&hé pfdl)frﬁér thﬁ?fllrﬁ)ﬁ 188k 68K 8kt b%cfr‘éHHE% tHe E'Ihﬁ set

substrate . first ferroelectrlc 0 polyner t
120/ rﬁhﬁlmnrdsfefroele@ma)vm fllﬂhé 2fiis dormed ouer thlecsaqondeprotective

t e over, | bstr te 10
80 B2 TPeCIi S B Qe dRousd J2Bs IR d8Mhed | fuar e third
ferrdeldctAc ﬂ’dﬂ?m‘éﬁicw figt 1Qf4 eth@Cére@ﬁ@aeéhﬁ te ffounR dset9 126
over the first ferroelectric mer thin film112,

exteedingeiaps\RIgelyntar Hiosgeitoie Pfy set 428xt Ehaifayrth protective
laybRASHGE 3 na(?a evéhﬁe fduﬁht&ﬁ Jf éétro%%{%ilé@sua%ét if 8ktends

ctive ove
oven theefaath iset pblqtemrodelm m26 |airm péRiothgcdf tHeathird ferroelectric

P irar dhio R 124 BeRrean goReprbeleckorps i Farth gt 126, The
fist, gecﬂeha IR G| f@qhﬁcs%aié o?'e?ééthHé%SH(‘i‘ e f@:aﬁe 126 and

set 114. The second ferroelectric thin film118 Is
theoflmdseﬁm\d and thirgd éerroglneotr@cpolymelr dhier filiss 112hé 18 rendd 124

. el ectrode 2Q J4.s d ove ecaon
a5file Slstocborse 5BRVHER feirordolipanastal rughges, theustg4,and
106ethiehédabnaiedet lod leiddisdl W) belredrBRfR 16 the firdP&ARd isecond
the second set 114. The second protective
ferroelectric capacitor structures 102 and 104 and the third set of electrodes
120 being common to the second and third ferroelectric capacitor structures

104 and 106.

As shown in FIG. 4, the multi-stack memory device 100 includes a
plurality of stacked ferroelectric polymer layers 112, 118 and 124 and a
plurality of electrode layers 110, 114, 120 and 126, each adjacent pair of the
ferroelectric polymer layers 112, 118 and 124 being spaced apart by
respective ones of the first and second protective layers 116 and 122. The
third protective layer 128 protects the multi-stack memory device 100 from

wear and tear during usage. The memory device 100 differs from the multi-
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10 layer 122 is formed over the second ferroelectric
polymer thin film 118 such that it extends over the
third set of electrodes 120 and portions of the second
ferroelectric polymer thin film 118 between adj acent

s@cﬁcﬁwélﬁgfg? deVidd'§ol oy F@E S?tlnltﬂglolt ﬂ&gdég'a[nda ditional memory

ferroe ric thin fil formed over t e secon
sgx$teeﬂhethdayﬂnomzﬂacWhQSTourth set of el ectrodes
126 is formed over the third 15 ferroel ectric pol ymner

et oA P15, o 2 a8, Sl Shil FIEE s Hdis three

(Aheehty tshadgkispbadtitivetack ayshod28evise halieda Qt&4tet Member of
fourth set of electrodes 126 such that it extends

mefeertHackoean Regeanyackired witibe areseahiaveation byigeplicating

I thin film 124 bet
ey S B BUTELT P Lt cet 126, Tho 20

first, second, third and fourth sets of el ectrodes
110, ReMrinQMMm FIG6 S5aranh enlaegdd cedss-santiond| siesv ohiar chulti-

| ol in fi 112, 11 d 4,
slagk Reriary JSdR g5GieaRROMR BB METaTE dece daainclugles a
salbstrb Urszs alfidt sbPof @Téétro@@@ 154'"'% ﬁl%@‘?é‘r‘?'oélébtri%fpol}qmer layer

el ectrodes 114 being conmon first and seco
156, pdést proteetiven fayer 1 168, s rsecoml es@t 1 eleetdodast 160 d(onhe one

ol 518! BB 0 FR B8 ahP0n L £ EBebihd Rizostecr
pé@meiﬂdyélrof& Assedundnpriotedtive layer 181 andlat thirditset lof electrodes
device 100 includes a plurality of stacked

19%.(@66%'6&'0*@ theiRaas). (Thedirst q%zof elacirogles tekisfarmed on the
s@é)éfhé’lé J'Sﬁ Of heHifSF bdr tﬁﬁx%)ﬁl{ér , o¥% 6 1R '%gl ci'v%qi’the first

each adjacent pair o rlcp
sétagfezlectiddys 1948 and exieghtishevergpations df ttrasasubém;ate 152 between

afEERTCoRas o e oBorbdes in B it 5l Sa | Uie Risjarotestive layer
198 5 RfFfnadidVRr e fitst %ﬁ&é‘le@ﬁﬁ?&yrﬁér" lag8r 168, diPiRe ¥ set

and tear during usage mory device 100 differs
of eleatrodes 60ti$ ormeds oadke fiestiprotegtive dayer Ol 58, tiFé €lectrodes in

ol B A By Rl T Bt 68 B s e
seCIY ferdetsditic Riydr F6Sis forffeasvdrithe@ecbrd sB’BBDéI}éctrodes 160
stacks, a nulti-stack nmenory device havin reater
syghhihat itgxtends over the second set of electrodes 16 an portions of the
first protective layer 158 between adjacent electrodes in the second set 160.
The second protective layer 164 is formed over the second ferroelectric
polymer layer 162 and the third set of electrodes 166 is formed over the
second protective layer 164, the electrodes in the third set 166 extending
transversely to those in the second set 160. The first, second and third sets of
electrodes 154, 160 and 166 and the first and second ferroelectric polymer
layers 156 and 162 define first and second ferroelectric capacitor structures
168 and 170, the second set of electrodes 160 being common to the first and
second ferroelectric capacitor structures 168 and 170. More particularly, the
first set of electrodes 154, the first ferroelectric polymer layer 156 and the

second set of electrodes 160 define a first memory stack 168, and the second
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5 nmenory stacks can be manufactured with the present

invention by replicating the nenory stacks a nunber

of tinmes. Referring nowto FIG 5, an enl arged

cross-sectional view of a nmulti- stack mam)ry devi ce
séﬁ%fsétal}%gf?g@%ésahﬁfe irst hgeftgﬁg?@%frect r%@ %ﬁjég %rlldlrtshte third
setofrelectredes t6Gdbiinen dempad MémMeBestack i7Ost prot ecti ve

| ayer 158, a second set of electrodes 160 (only one

CecothST Bl 8PP IS uEta to B, MUl atk merginy device 10

obFIGedt immdtahersdo@ﬁdaam ahirdnisets %Etelé&trddegcw@%& 166 are
166 (extend| ng into the page). The first set of

diseellyt fermed 107 the first ned o3econd praleetiveatayers2158hand 164,
%$#ﬁ%vé§rroelectrlc pol ynmer |ayer 156 is forned over
t 15 set of electrodes 154 and extends over

por t ubstrate 152 between acent ones

b+ h¥c e8eeldGal Werbh berPrted by S52araankE “Fith e Bresent
inveatien! Mhesé aye desdriised belb@t ned over the first
ferroelectric polynmer |ayer 156, and the second set

of electrodes 160 is fornmed on the first protective
Exgedmentd  the electrodes in the second set 160

extendi ng transversely to those in the first set 154.

The BP pecepsd Bﬁ?é%bﬁfit PgDFayEE) 104 %\j QiR .HVerethyu

the second set of el ectro es 160 su I't extends
pyvelidanectas éarond pelymefr sdlation frdes which dimel f«pmoeleotnm pblymer

first otective.l ayer 158 .bet n adj
thi dimboliite ReBeRiSd dind Bin C38H7S" TTES SBIEAE tayers were
fopmeide ol dissbiRigy PV ih swhah "Rete?vand tdpin S&SAING the resultant
ferroelectric polyner layer 162 and the third set of

S@ut&e@ r 68eBVAds sphibiie imwatasy but neldNTaetbybpyrlisionee depesition
ﬁ'%éeﬁ’g;k(sérot%aﬁlqug&t Hﬁdﬁ?ﬁo&{}négg tlﬁg'ubgeﬁg gglﬁ DF;TTFE) thin

Fansversel
fllmBOThTéHéVAl [:wrste,ctlsveCt@ymL wasl thdn drlegaita m‘mpérh&ﬁé rojdlem°c for

154, 160 166. t f t d
tes hsia dBc BRSO Olchiet Santigen e L83eringnR(VDFFE)
t e
o TRe YRR e [ rc AR T S bt 3B EBeting
process |t<D formathe Secaret B\MDFerF&g Itlmntfﬂnncammn'm: anneallng process
t 168 d 17 ticul first
PG BpPpeldindl 150 Bricdiraiin BLiiee IS pol yrver
| ayer 156 and the second set of el ectrodes 160 define
Egpérirhaht 2eEnOry stack 168, and the second 11

In the second experiment, Nylon-11 was dissolved in m-cresol and spin
coated to form the protective layers. Nylon-11 is itself a weakly ferroelectric
polymer, so may enhance the performance of the resultant memory device.
The ferroelectric polymer thin films were formed from a polymer solution of
P(VDF-TrFE) in N-methyl pyrrolidone. The other processing conditions were
unchanged from the first experiment. A similar result as with the first

experiment was achieved.

As is evident from the foregoing discussion, the present invention

provides a multi-stack, non-volatile, ferroelectric polymer memory device and

12
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set of electrodes 160, the second ferroelectric

pol yner |ayer 162 and the third set of electrodes 166
define a second nenory stack 170. The nenory device
150 differs fromthe nmulti-stack nmenory device 10 of

F@gt and'fq%grli‘%ﬁrueﬁ&griﬂg?@g? F%g . %trﬁ&{@eﬁ| r? E@%eﬁfayer

betyosmTd spccdssiia vrmrhanyyestac%&n ahd rinﬁm,-staclesfeﬂoeiev:&lcy polymer
Two experinents fe rforms in accord with t

MR HEVIGey A AT orRedCHPE gt P EeT BSs Protected from

dEmRee! d[ﬁ‘mg tl\e]fgrrhﬁtnérli‘ 6LE'§U%%9€E§QW FRBlectAd y&zm-@r F&er for a

was “di ssol“ved in rroli one to
Spbﬂsqqtant staak i Advamtagemuslyhtrteh prefsent dnvemtioni propidees ree simple

alyl ofbesbn B BYE DS Rt cHtio el (65 ufitackaTerroetectric

M oy s Vvides2 Thh & pré‘sefh@ﬂwerrhﬁoh Ranres uséa s ﬁrcfduc@tdﬁyaper but
As PVA is soluble in water, but not N net

highr pesformanse %hﬁ?éélke.raﬁmpaf tar yseeinpor @F&fﬂ@'@t buginesy @ards,

p%@n%ppr g@%@%‘l ve Fgérgskgﬂgtﬁ ﬁrl eag%na mé]"kél "

t enper ature of 1OOC for three hours (hrs). This also
di d mbhe déescepton bé thm¢eefé5redgarﬁi@d®ﬁ1eﬁt§5) thd pyesent Tivention

R Sl SraE AT B v o
intéhda iyl bb*@(h%'&@ﬁ\?é 'o? Qo HARE RS mv%ﬁtlSﬁrtb 'tﬁ‘@ fSHﬁs Wisclosed. It

tenperatureo a duration hree hrs.
witk be reippeeciated| tw th&sesﬁqlmmnetmeam rt’aaﬂt chemsge@mquld \esmade to

o 98P U5 R Pl BRBHFS GBS e

costapReh@ebt.i R is DAHEIRS0d, IReidioret HEANKIS ihVEhtiRRr it HotBimied to
of the resultant nmenory device. 25 The ferroelectric

theo P@Rigular embodimentie Aisclasere Ut reavess popdifisatiens withim the
s@pe HMBE rprgégrﬁém{éhtm'nn% S¥findY by ggﬂ%doeﬂq $| Cst

processi con I ons were unchange

experinment. A simlar result as vvlth the fi rst

expeFurtbelt, umdessatiie eoptixt Aearly requitesitotfiemvise, hiaroughout the
[ ion, the present inyent .

des?crr%%% aqné]| te ‘¢ asim% the wor se'compnseV r2:ompr|smg" and the like

are to be construed in an inclusive as opposed to an exclusive or exhaustive

sense; that is to say, in the sense of "including, but not limited to".
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(1] Jian Li, Xiao-Chun Mu, “Stepped Structure for a Multi-Rank, Stacked
Polymer Memory Device and Method of Making Same”, Intel Corporation,
U.S. Patent No. 6,624,457, 23 September 2003;

[2] Jian Li, Xiao-Chun Mu, “Discrete Polymer Memory Array and Method of
Making Same”, Intel Corporation, U.S. Patent No. 6,858,862, 22 February
2005;

13



30 provides a nulti-stack, non-volatile, ferroelectric
pol ynmer nmenory device and 12 a nethod for
manuf acturing the sane. By introducing a protective
| ayer between successive nenDry stacks in the
lti a ek r \ a
3ggrl |Néé§kf %térqggfq er rgg{yﬁi tric p HaWﬁgDé Féiﬁ'délégmc Polymer
Meroooc Matefialo Withd SedlgBizear Thaf Aree Asymetindh IotelaCorporatlon

EoBERIERo. TOALTh6t Al BuBCAME ol or st

i nvention provides a sinple and reasonably |ow cost

[4]abr iEb2ahian Anelideh, qugrkl iRenbulder - Migtiel Leesor) matnﬁ IH‘ahnama
menory devi ces. The present invention can be used

ﬁermaee E%@@I@Ptrwbu?o/ym% y@mceﬂ%nclé §he5’1a1¢ntkeApphcatlon
cards,
RN torl Ao, 8000/b04GERY, AERER: £ MUEHAI, C°r Lo k
permts and the |ike. 10 The description of the
preferred enbodi nents of the present invention have
been presented for purposes of illustration and
description, but are not intended to be exhaustive or
tolimt the invention to the forns disclosed. It
wi ||l be appreciated by those skilled in the art that
changes could be made to the enbodi nents descri bed
above without departing fromthe broad inventive 15
concept thereof. It is understood, therefore, that
this inventionis not limted to the particular
enbodi nents di scl osed, but covers nodifications within
the scope of the present invention as defined by the
appended cl ainms. Further, unless the context dearly
requires otherw se, throughout the description and
the clains, the words "conprise", "conprising" and the
like 20 are to be construed in an inclusive as
opposed to an exclusive or exhaustive sense; that is
to say, in the sense of "including, but not limted
to". References [1] Jian Li, Xi ao-Chun Mi, "Stepped
Structure for a Multi-Rank, Stacked Polymer Menory
Devi ce and Met hod of Making Sanme", Intel Corporation,
25 U. S. Patent No. 6,624,457, 23 Septenber 2003; [ 2]
Jian Li, Xiao-Chun Mi, "Discrete Polynmer Menory Array
and Met hod of Making Sanme", Intel Corporation, U S.
Patent No. 6,858,862, 22 February
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2005; 13 [3] Mark Isenberger, "Polynmer Menory Having a
Ferroel ectric Polynmer Menory Material Wth Cell Sizes
That Are Asynmmetric", Intel Corporation, U S. Patent
No. 7,084,446, 1 August 2006; and [4] Ebrahi m Andi deh,
AVais Isenberger M chael Leeson, Mani Rahnama, 5
—Formng Ferroelectric Polynmer Menories", U S. Patent
Application Publlcat|on hb. 2006/ 0048376, published 9
Nhrc?g2006 14 CLAI N5 menory device, conprising:
a fi FSTCRIUYARYige, C@“B”FWEst ferroel ectric pol yner
| ayen fRuesictirédd:i r st el ectrode; a second el ectrode
over the first ferroelectric polymer |ayer; a second
f er r adirgicferioelesyic pelymenyayer over thentirst elestradel ect r ode;

pol y R PhS SRR sh Frd eIeL s RV RE! BVBC ¢ oces
and ahsecbnd$érrasidctiequigmbelayee best theCsgeohdgéctrode;
| ayers defining first and second ferroelectric

capa®i i %le?m% oxer theheeeond fereoalectindoalyraet faygs the first,
sém%nﬁotrﬁﬂaee g'cfrﬁﬁeﬁ%dsﬂ?é)ﬂpstfﬁr{ %%L;Sﬁa rfbﬁo%%@?rfc' h8fymer
structures; Meric protective layeéer
laylees ﬂefusmgefnslt ared sedorﬂ@feraﬂlecmc|capapmd>ryslunctl.1?sewmeré|ﬁ the
device of claim1, rein the first
SPeand lettidey sy erpran 19 B isand daeaperaeleciin gagcior
sfri@medliply t he protective layer is deposited. 3. The
menory device of claiml or 2, wherein the second
el ecarprigmesc pzotek:weréayemertWeeprtbe dicsti ard Isagend ferroelectric

devi ce of any one of the precedi ng clains,
p&ﬁg}%ﬁ%%rﬁ'e protective layer is a filmformng
pol yner .

1

2. The memory device of claim 1, wherein the first ferroelectric polymer

layer is insoluble in a solvent from which the protective layer is deposited.

3. The memory device of claim 1 or 2, wherein the second electrode is
formed on the protective layer.

4. The memory device of any one of the preceding claims, wherein the

protective layer is a film forming polymer.

5. The memory device of any one of the preceding claims, wherein the
first ferroelectric polymer layer is resistant to damage at processing conditions

for forming the protective layer.

6. The memory device of any one of the preceding claims, wherein the
protective layer is resistant to damage at processing conditions for forming the

second ferroelectric polymer layer.

7. The memory device of any one of the preceding claims, wherein the

protective layer has a thickness of between about 10nm and about 200nm.
15
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25 5. The nenory device of any one of the preceding
clains, wherein the first ferroelectric polyner |ayer

is resistant to danage at processing conditions for
formng the protective layer. 6. The nenory devi ce of

any one of the preceding clainms, wherein the 30
protective layer is resistant to damage at processing
8condiTheomenfay deviad nfjanheones ot thel pfegedigd etaimisc wherein the

Lymer, | . 7..Th . deyi f h
plitet{i inyBL Rinelof dbpdanaisind o ratiedin 3are) B Vh ciuiose
abbité iyarfidebaid\eoudiflcataldgidyih@febfabout 200nm 15

8. The nenory device of any one of the preceding
clainms, wherein the protective layer is one of group

Facor 418, MnnuaRYee, Bl end T B KialiE FlHRESphesein the
pPotediive BpEDIsyarfielectzabinsariorone of the preceding
clainms, wherein the protective layer is an electrical

insulator. 10. The nenory device of any one of the

recggin j rtpe | .Si Dol L C
18l bsrr 5t Enaihrsyck, oF Finy, her T Ies oPoedy R MRS, futher
compeisingda polymeaicusubstrate ag whichether firstielectrede is formed.
conprising: formng a first electrode; formng a
ferroelectric polyner |ayer over the first el ectrode;

135 f armibfibPfof Aifa®LBRG AaHBMRYEHeVBS, EShpRShgCt i C
pol ynmer layer; formng a protective |ayer over~the

f er r fyminng aiftrstrlegtede;l ayer by deposition froma

bol y g BdprraBRPulcisanay BBy sREPHtE sl SHEREHESI 1| o
f r omf@nined MrBRIcoRa lalédtRiteCoVERths fétBodlesteie Patyraer 1aget; ;

20 wherein the protective layer is insoluble in the
secofimiRg venRroigriivenlayer epyeie thes tfemeelegtriar inglyraer tlayer by

Ao B P e 0 Y or manuracturing a
menoformiley iac subsequetit rfgrroelectrid polyiner layer over the protective
layer by deposition from a polymer solution comprising a second solvent;
wherein the protective layer is insoluble in the second solvent and the
ferroelectric material of the first ferroelectric polymer layer is insoluble in the

first solvent.

12.  The method for manufacturing a memory device according to claim 11,

wherein the protective layer is a film forming polymer.

13.  The method for manufacturing a memory device according to claim 11
or 12, wherein the ferroelectric polymer layer is resistant to damage at

processing conditions for forming the protective layer.

14.  The method for manufacturing a memory device according to any one
of claims 11 to 13, wherein the protective layer is resistant to damage at

processing conditions for forming the subsequent ferroelectric polymer layer.
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25 wherein the protective layer is a filmformng

pol yner. 13. The nethod for manufacturing a nenory

devi ce according to claim1l or 12, wherein the

ferroelectric polyner |ayer is resi stant to danmage at

roc [ et

Peyer e4b R RN IAEALRRNG MidHof Weuie BECIHINR o any one

oﬂelalme He toridi, whereinating protective layer has Hlthickne3s of between
the r ot qu ve layer is resistant to damage at

ﬁgﬂ{:i 2 R8for forning the subsequent

ferroel ectrl c polyner layer. 16 15. The nethod for

manuf acturing a nenory devi ce according to any one of

161 ai Mhe1methodiior manrufacturingea presnenyt dasce agfecvrdrrwoaany one

o BSHRSEE  hAFN 1 e PRI AR 408 Bonung o

palywinytialtdhbp (RVA), @efulosé a@e@&tﬁspdlilaﬁﬁdelﬁnd\m@dlﬁe@ ahBRgues
rotective layer is one of group consisting of

"B%'P? binyl alcohol (PVA), cellulose acetate, polyanide

and nodi fi ed anal ogues thereof. 10 17. The nethod for

manufacturing a nenory devi ce according to any one of

12l ai iThelhethodlfer mérerfactaringea premh@ytdevicd ayesrding nany one
Iectrl insul ator, 18. The met hod for nman fac uring

Riho 'y Tader eheB dhaPiertieRyepRcn glec Ok o

17, wherein the first electrode is formed on a

pol yneric 15 substrate. 19. A nmenory device,

18onpiTheimgthogit for eranufactugng st askeeryfdaviasehecarding to any one

oL Rl 10 7 HerBr 1L et Plsdivog, BClarbiehoaf Fogveri

stisstidte. 20 spaced apart by a protective |ayer. 17

19. A memory device, comprising:
at least three stacked ferroelectric polymer layers and a plurality of
electrode layers, each adjacent pair of the ferroelectric polymer layers being

spaced apart by a protective layer.
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