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THE | NVENTI %I{)&\mg{?esent i nvention relates generally to mcroelectronic
device fabrication.” More particularly, the present inventi ofCTE[S8¥8+44 o

fabrication of a mcroelectronic storage device. In particular, the

bri cat i on of _ _
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continual pressure exists to find faster, denser, and nore cost-effective

solutions to data storage. h 1 ' fast, on-die
o S RORE R A T, Lhe

storage such as static random access ne her it is
sonmewhat sl ower enbedded dynam c random access nenory (eDRAM, the 15 even

sl ower of fs- diRHEURGRTEE iNVENTI@scess menmory (DRAM, or whether it is
magneti c- or magneto optical disks for mass storage, each technology is

constantly being Jueprermt el rddtes gensafy ihicldié@dprdispged and

capacity. It was discovered that some polynmers exhibit ferronagnetism One
such pol yneifabiricafion.y Morenpaitidelady,fthe presiet (wsiifon retadeetorfabdeitioh@faul a i s
(CH2-CF2) n) 20 and sone of its copolyners. Another continual pressure
that exists MUCIOgiRsoRESIQYPoe saww-efmmrﬁcul@rr. theopresentinveatigarelaiesde age,

particularly [ 'gt}ile platform data storage that nay use storage nedi a
such as flasﬁxo%érﬁrgj? f%rm%?éﬂcap (&€ Menfryi@eV&eneeded in the art is a. :
non-vol atile, |ow power data storage solution. BRI EF DESCRI PTI ON OF THE

DRAW NGS+g ZSDESCFQIpcy[@qu!ﬂ'R@_Atr@gAﬁﬁnner-i n which the above recited and
Q'i}ger-advant ages. of the invention are obtained, a nore particul ar

ot i . . r . | b
r ef g; :agc:aotn oos pe?iﬁ fﬂi%]@%é@?%ﬁ%ﬁﬁ%’ﬁé?%gﬁﬁémgﬁﬁg%ﬁs%t?l's-'fi f%:é@%ﬁﬁéﬁe d

appen, g gg/ g(r) mdl@ﬁre bR tEsadidnRab dabesterdgel WANEO0BE dasQA 03377
fast, on-die storage such as static random access memory (SRAM), whether itis
| the somewhat siow_ér embedded dynamic random access memory (eDRAM), the
15 even éiower off-die dynam:c fandom access memory (DRAM), c')r“\-:vhethe'r |t|s
magnetic- or magneto optical disks for mass storage, each technology is
constantly being advanced to meet the demand for increased speed and ca.pacity. |
It was discovered- that some polymers exhibit ferromagnetism. One such
polymer is poly vinylidene fluoride (PVDF, whose repeat formula is (CHp-CF2) py)
) 20 and some of its copolymers. Another continual pressure that exists is lower
J energy requirements fof nonvélatile data storage, particularly for mobile platform
data storage that may use storage media such as flash memory or disk drivés.
- What ié needed in the ai‘t is a non-volatile, low-power data storage solution.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Inorderthatthe ‘mannre'r,,in,,which the.abo&b. recited and,oiharjdyantéges S
of_ the invention are obtained, a more particular deséription of the invention'briéﬂy
described abﬁ\}e will be _rehdered by refefence to specific embodiments thereof

- which are illustrated.'.in the appended drawings. Unders{anding that these
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drawi ngs depict only typical enmbodiments of the invention that are not
necessarily drawn to scale and are not therefore to be consi der%ygzt)@z?logg

limting ofwigdSeesope, the invention will be described and gg_pr{%gﬁzr%g“w t
additional specificity and detail through the use of the acc nyi ng

drawings in which: 5 Figure 1 is an elevational cross-section view of a
sem conductor structure that illustrates one stage of fabrication of an
embodi ment ofdrawiagp depieheniyriyricalieprhodinmengs pbthe ineerdion dhateae nohmedcessarily
cross-section, view of the sem conductor structure depicted in Figure 1
after furt heﬁfw%&ggq’%and Brg OPitherefre g ba capdidereddp beligitingefdtsissarei ew of

brocess no: A ventdoh I Uotsfiont BhibSitainEe Wl AdRundl sty i betan
sem conduct Okxrog Hg@t,}geeogﬁgia%@,qgé@i@ Gdivfhas idldin: f urther processing;
Figure 5 is an elevational cross-section vi of "a cross-point polyner

nenory cebl that Figuréd.is aneivatiodslcreds-sictios Vieheotiegimiceadidiorstadiee 4
after further 15 processing; Figure 6 is an el evational cross-section view
of a cross- pHahiliuplsalpamne stagmoffabridation lofian iembodimsmtdf tenphesentinwntiont ur e
depicted in Figure 4 after further processing; Fiqure 7 is a flow chart
“that descri bes 1998 &80 1gnal grpesgclionVipw of the semicendyaten onal si de

i f t : ' mbodi t of th t
nventi on. CEIRTEDHIRAEEBER Bt o R tI0me pr csont i nvent i on
relates to a ferrqghResid an B@vﬁﬁ&?alé?d&&%@@ticﬂ&%%ﬁé‘oﬁﬁb %é}ﬁi’cHH&Mora

ferroelectric polymer structure that 1s san between an array of

el gctrodes titaicturs kiepltte®ireRiniecahiterifamtedripigoereingss the ferroel ectric
pefymer structure. Wth the know edge of the ferromagnetic qualities of
such pol yners, t iéguiend énanelevelbonalicrods-sectiankde s b thet segaicomduckee ability to.
orient ferronagnetic polymer 2 16/12/2005 WO 03/003377 PCT/US02/20644

nol ecul es asSiACHER depictadind igwre Lafter Aurther gregessiagi gn nmay be acconpl i shed by

choosing preferr gl Pl 81d 2R 'evatibibl Rfcks-skalish Wel 57 £UbLL 53t bllymdP" Ove
. memory cell that is the semiconductor structure depicted in Figure 4 after fur.the'r
15  processing, | |
Figure 6 is an élevational cross-section view of a cross-point polymer
memory cell that is the s.émi.conductor structure depicted in Figure 4 after further
processing; ) - | |
Figure 7 is a flow chaﬁ that describes method embodiments; and

) 20 Figure 8 is an elevational side view of a storage system according fo an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
' The présent invention relates to a ferroeleciric polymer storage device
25 including a ferroglectric pdlyme‘r structure that is sandwiched between an array of
electrodes that achieve electrical signaling across the ferroelectric polymer
structure, With the knowledge of the ferromagnetic qualities of such polymers, the

inventors ventured to take advantage of the ability to orient ferromagnetic polymer
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menory rel i ‘abi | i ty and storage performance. The ferroel ectric pol yner
storage device may be referred to as a cross 5 point matrix pol yneg/meoiyos
structure. Regasgsse®f the mechanical- and thermal - sensitive ?ﬁéﬁ’e of the
ferroelectric polyner conposition enbodi nents, the present i o+
addresses surface engineering solutions for the polyner, nenory

structures. The cross-point matrix polynmer nmenory structure may conprise a
first 10 el edlaleawes g% pristaestviage device Hegarblel désiposag bepitohfishdd 5t
el ectrode. A fgrroelectric polyner structure is disposed over the
protective fi PPN RREETesiB tablayprss eldbnmag significanily immiove serceoidtile

protective fi i ed, in a crpss-layout configuration to the first
el'ectrode and Me rffea'@ﬁgf%?de%t?f%ﬁ OFH"aFﬁ% fol | owi ng description includes
terms, such as UppPAie felB¥REicid at e used for
descri ptive purposes onl y and deﬂgﬁ%ro%&aggggag%ggaé’f?eu%geré%aa{qEfﬁ?FWB?“ The

enbodi nents opoiamaRR@OHT MEman! dtRlcra! BEBRISRI FIREechNERL LAY HieRGL! Ded
(0} |

herein can be manufactured, used, or shipped in a nunmber positlons and
~ori ent at i ons. SeRéitive sattiee wf tHe faovueleetrivpdlymed cohpoditionertodM@its the! | ke
structures will be. 20 provided with. like reference designations. In order
to show the ﬁ??ﬁf&ﬂ?’@ﬁt'% aflfresppesfaceianginesting solutienscioe thd yolytbe dr awi ngs
i ncl uded her%&n%esﬁ@ic ranmati c representations of integrated circuit
structures. t Fual appearance of the fabricated structures, for:

,_exarrpleinaphoi ) r : ) r different while stjll

i ncorporating t he?gésgfadr%tg i%sr? %ﬁ%p §§§1§?5qeq‘??{g%yg®g%wam9mlﬁsﬁ_ﬁrﬂbr eover,
25yt he draw egsirshew QOptatedie I q&%ﬁr anpd the
présent invention. Adgi t?o'nalfmétn?ﬁ%‘?gps&%go itﬁe?‘:ﬁé%&%ﬁ%ﬁ%\/g not been
i ncl uded to fereiefackiopalpreecstaudting iotisbbseditRiitmgprotettiVOMA A3 7 5

16/ 12/ 2005 PCT/ US02/ 20644 Figure 1 is an elevational cross-section
i1 1 ustrati onS¥istatarefnsegond elgetredeand o sdcoridprotestive tlat amndisposad in a

ferroel ectri ol yme FEP nor ccording to one
Srogs-‘a\grou{ con |gu2atlrc?r31 to tl¥e irst electrode and the first protective film.

 The followihg 'descr'ip'_tion' includes tefmé. such as uppér. Iowér. ﬁrsf,
15 secohd, etc. that are used for descriptive purposes only and are not to be
construed as -Ii'miting. The embodiments of an épparatus or article of the present
invention described herein éan be manufactured. used, or shipped in a number of

positions and orientations.

) Reference will now be made to the drawings wherein like structures will be
20  provided with like reference designations. In order to show the structures of the
present invention most clearly, the drawings included herein are diagrammatic
representations of integrated circuit structures. Thus, the actual appearance of the
fabricated structures, for example in a photomicrograph, may appear different
while still ihcorporating the essential structures of the present invention. Moreover,
25 the drawings show only the structures necessary to understand the .present
invention. Additional structures known in the art have not been included to

maintain the clarity of the drawings.




| initially 15 @ER¥sIE hAybeen frmer dr subrieate 4

enbodi ment.” A substrate 12 is depicted as being patterned with a mask 14
and a recess 16 has been fornmed in substrate 12 through mask 14.1Reqess2405

s preparggologe@isept a first or lower electrode 18 as depiﬁﬁ@%&f(}%{;ﬁure

2. First electrode 18 may be formed by chem cal vapor deposi of
any material that is suitable as an electrical conductor according to
el ectrical conductors known in the art. In one enbodinent, first electrode

18.is. an al um num gERLEL i A an él@vQﬁE}’haé & QUlicREAM iuu%}déiﬁﬁtoﬁé‘?ﬁérhefl}&tﬁufétJré a

copper or.copper allToy material. I ckness 1 Irst electrode 18
(and the secot@ldefigsfabaestioddef atepveleetlic pblﬁm@t(FEPf)nemY abedramg torea t he
specific lithography and design rules. Figure 2 also illustrates

ext raneous el@wbedicenhoheubsttatéd2 iabepieteaias meringpatieret] wilbtmagk thiantawi | |
be renoved. In one enbodi ment, a self aligned structure may be forned by.

| w.oié@#waéﬁnfig&ﬁwezﬁé%&i tion
PVD i 0 _Fi . First 8 .nay . be. .

Ekmt orial %Eﬁlp?kégfgh{lflss%%?%iﬁr%ﬁpr laEoBrESHe BfudtetRY R Eir 2 5T what s
out 5 cor 19 agode! {Ehaf bE toiared fom BB EIRAIN (CVB) Jrafy BRI ©

si dewal | s 20 tabidy euitdbié' B e efdbtict eordudtdr sdcorlifflo adelerids cbAduorsagRem 16.
Acollimted PVYD will resist contact of electrode material with sidewalls

20 above t he impseart.s v drecembédimledt, first elegimsliet18ds iah atundnampeaterisht inonef t he
collimator is set to match or exceed the aspect ratio of recess 16. Mask 14
remai n &madipent st plgetrodmni 8 és aicappastor cepeerallas materialoThe dRigkIAFST i r st

my \

oo ey dn ' o6t B RECSRIAE B andihS beferiy Shatodehe, SSelknGigie T Aor suah
hing th i nsi - i ngl

ol eatro0s rmiePBfundhthel doBEiBStrddfastinald Adsfon ARETHAENaisgllERaRETS | |

the mask renmexgéndReEiditdte niatdHAR! B abbld!ghd 8h faskI. BB WHIEH Wiitpe e 10

after further processing to 4 16/12/2005 WD 03/003377 PCI/ US02/ 206- 14
forma sel f-emovesld el ectrode structure. A protective layer 22 is fornmed

over substrate 12 and first electrode 18. Protective |ayer 22 may be
“formed by CVD or Inmym embaestiment, aesalicalioaed struetuecmay be formadby initizdy of recess -
16. CVD ? 5nd gt\e/;%siting first electrode 18 by physical vapor deposition (PVD) as depicted in
Figure 2. First electrode 18 may be made of any material that is suitable as an
electrical c_dn‘ductor- according fo what is known in the art. First electrode 18,
when formed by PVD, may be carried out in a collimated fashion to achieve little
or no contact with the sidewalls 20 above an upper surface of first electrode 18in
) 20  recess 16 A collimated PVD will resist contact of electrode material with
sidewalls 20 above the upper surface of what is deposited if the aspect ratio of the
collimator is set to match or exceed the aspect ratio of recess 16. Mask 14:may
remain in place for both patterning of recess 16 and for forming first electrode 18
on substrate 12. After PVD of first electrode 18, mask 14 may be removed
25 according to known techniques such as wet stripping or such as ashing the mask -
and rinsing the substrate. Accordingly, extraneous electrode material 18" depicted
upon mask 14 in Figure 2, is removed with the mask removal techni'que.

Fi’gure 3 illustrates the m'e‘m:ory sti’ucture 10 after further processing fo
4




conditions are known in the art, and are often dictated by the specific
application, 5 the materials to be deposited, and the thernal budp@y 9‘726‘65
article beiy @%%?q actured. In one enbodi ment, atom c |ayer chem caiL vapor
deposi ti on %&?_ , according to known technique, is used tF&TfYSHefR064
protective |ayer 22. Protective layer 22 may be a netal, a refractory
nmetal, or a netal or refractory.netal alloy. Additionally, protective |ayer
22 may be a ﬁi:brfnli-ia@@lf—aﬂ%hé@ele@ﬁodé&rmraj deprofectie|JyBE 8 is bRheRGIHT Y metal,
or. all oy thereof. Further, conbinations of the abdve nay be sel ected such
as a conposi sebgirate detanddirsiaglectrodenis. arbttiivelzyen?2 prayttechimed bag¥D &2
includes a titaniumnitride |ayer. Another enbodinent includes a titanium
oxi de | ayer. PMi ivRederioraahiayegontach eleidewalls) 2 efirepess 16sCYD andtRMfD al s
enmbodi nent s, .set_fqrth herein, 15 Fiqure 4 illustrates the menpry
Structure 10T arenannf i 8 ang are iR ltated By 20S srepitarneleaion
. reduced ig v ' 2Ry il ' . : Lve film24
over fi rsfl eﬁ{eeizingﬁélggl@.ﬂé%e ug;{t%%%“gftﬁ? E]th\ﬁélrt?{dglae?)gﬁ{hgfﬂcgé r&%‘bé be carried

out by nechaniapatachebdsii 68 ebeliERt -BRRINGTheRitdl $8pa%epENdn chemi cal
et chback, and the like. In one enbodi nent, VP 20

Is enployed with a

cheni cal rec{Al€{Daactardingltednbwe techngulesisrused td fldm priotdutivg laysoz® reduct i on
of the wvertical -profile in the Z-direction may be pernitted. Accordingly,
a damascene st r JtPiRcEVE §yepRAErRYdIe & Medalr arefractory imetsk oed swtalede 18, and

first tective film?24 First protective film24 b f
mat o1 1 sl ELEBENY PRIA ot A3l Chiels e sy 22 meviae s atidsy exceres

ni trides j : ' ' ' e

erBodi oy , P8 of SR BELE Terdn ARl WPl erd?. FUBNER e b Bt 1
anot her enbae BBBYe nfdy!l s QS SlidEs A cbpdditdBidave [dyetr epkory netal
such as titanium a refractory netal nitride such as ti'taniumnitride
(TIN), or @middimeniofproietive ayecZ? molcdesa ttarigninri¢d (29e})., Aasthet t her
rutile or anatase phase. 5 16/12/2005 WO 03/003377 PCIT/US03/20644 O her
refractory raskadimaslinglidesiaditaniuraaxidmiayars Eorthemqethilst ofi protectivedayére??, i ke.

Q h fract t gl .includ t d the like. Gh f t
rotal sy SPAETRAIRAR FOTRHIMENS YR A6HH Retigst cn, and the |1 ke, G her
refract gy met aly iy fAGHIeR TABHbA itk hd 1t Tk AR BHTes GRS U and

the like.

Protective layer 22 has been reduced in vertical profile to leave a first or lower
protective film 24 over first electrode 18. Reduction of the vertical profile may be
carried out by mechanical polishing, chemical-mechanical polishing (CMP),
chemical etchback, and the like. In one embodiment, CMP is employed with a
) 20 chemical recipe that is selective to substrate 12, although some reduction of the
vertical profile in the Z-direction may be permitted. Accordingly, a damascene
structure is formed of substrafe 12, first ele;:tfode- 18, and first protective film 24.
. First protective film 24 may be made of a material selected from metals,
refractory metals, their alloys, their nitrides, oxides, carbides, and combinations 7
25 . thereof. In one embo_dim_ent, first protective film 24 may be a metal such as
aluminum. I_n another emb_odimentt first protective film 24 may be a refractory

metal such as titanium, a refractory metal nitride such as titanium nitride (TiN), or
a refractory metal oxide such as titania (TiO2), as either rutile or anatase phase.
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I n one enbodi nent, first protective film24 is formed by CVvD, PVD, or
ALCVD of TiN or Ti02. First protective film24 may be in a thick #1 05
m

from about, 10 ters (nm to about 100 nm preferably from about n
to about 5 norgﬁm&??ﬁ the formation of first protective fil Mt SYUSHERGHY

structure 10 is prepared to receive an FEP structure over the substrate
12. Figure 5 illustrates the nenory structure 10 after further processing.

mbodi ' | laver. 26.is formed b |
12 and. 11ret Creeioy mheR ma i kiR e e B
techni que. Thexthd:aEreupibl RERARLY idcdhd®) HslPth%dr IHeke SHBE AR IRy M\{%Hs known

in the art. It usually “conprises an ar%:?l ent tenperature process of dipping
a substrate i nfag ircludesstebmievhalybieu,| tuhgbternlapd taé likdaDtivdrlnbirdttegi pi tat e
onto the substrate during dipping. Thereafter, a spin-on FEP | ayer 28 is

formed above @etilomay indudasandiyerytipiem, laBianuon cEEAM| aye thedkenay be f or med
by depositing the FEP nmaterjal as a fl ui puddl e prine onto substrate

e
12 for a period ofin PPe gminsmeat, figst E@f@&%h&z%ﬁjfor@ﬁﬂMiqw_)-s%\ﬁ?,.tqfate 12
and in a rot aAL@valofﬁweﬁder?g”Fi?&gzﬁt?&%fﬂrﬁ‘éﬁ'rh'eg B5%h 8 Bickrbs8: r&ﬁff@g) to

about 6000 rpmand for a ti ran rom about seconds t

1ds.  Fol | g4 '
FEp |ayer 30 Tau &0 RaPRBTE (AoRboRE 100 AR, mebrpBlfond dopf SERRRS pffur PPE!

deposi tion t&ni Yith thélTerniationedfifiest ppdtedtiveim 2ad nipssrydtrbEfdrd fyRr s 26 and
30, respectively, 25 represents surface engi neering of spin-on FEP | ayer 28
t hat may redurepatedhirgreceive arhieEP stractuscever damerstiahe1ZEP structure 38 and:

&2@ first and secgond el ectrodes 18 and 34, resBectiver. I n other words,
~whére spifd- on FEPFigye S idigstiates thedsemprystmeiuse 10 afler tuithes peasesdia@sini n or der

L?;g%‘%éi?éo‘éi‘:ﬁ%%ﬁwﬁ‘ﬁéefd}f%ﬂﬁs&?{r'i‘cﬁ?é%?’ Bl 76 1 dpimosd QunrNska 1B A < 26
ddi i onal 1y 1% REtetve S 2 R TRRGAUR Aol e by The, e

bt o s AT RGOy bl el A BT 0ee
be used to focompfisessin ambienttamprBii: bayessofdfipging a substrate intoa vessel - T
15 containing fluid material that will precipitate onto the substréte during dipping.
Thereafter, a spin-on FEP layer 28 is formed above and on first FEP layer 26.
Spin-on FEP jayer 28 may be formed by depositing the FEP material as a fluid in
a puddle prime onto substrate 12 fora period of from about 5 to 25 seconds and
spinning substrate 12 and in a rotational range from about 300 revolutions per
) | 20 minute {rpm) to about 5000 rpm and for a time rahge from about 5 seconds to
about 20 seconds.
Following the formation of spin-on FEP layer 28, a second or upper FEP
layer 30 is formed above and on spin-on FEP layer 28 by the L-B depasition
technigue. The formation of first and second FEP layers 26 and 30, respectively,
25.  represents surface engineering of spin-on FEP layer 28 that may reduce damage
at the interface between the FEP structure 38 and the first and second electrodes
18 and 34, 'resp_ectively. In other words, where spin-on FEP layer 28 requires

isolation from the electrodes in order to prevent damage, surface engineering by
6




30. In"one enbodinent the FEP | ayers 26 and 30 are sel ected from pol yvi nyl
and polyethylene fluorides, copolynmers thereof, and conbinations) ghgrepsggs

I n anot her wﬁdrgsg(fb %% the FEP | ayers 26 and 30 are selected from

pol yvi nyl an Vet'hyl ene chlorides, copol ymers thereof, an&CEBRBYHSH ons
thereof. In another 10 enbodi nent, the FEP | ayers 26 and 30 are sel ected
from pol yacrylonitriles, copolyners thereof and conbi nations thereof. In

anot her efTbOd'chFﬁfﬁg at IQSstF cﬁfé ofltﬁ‘é/ ﬁfs?o?@e 6%?’ E@h 5 9%%@1 Fésﬁ?&t&%&yam des,

copol yners thereof, and nmbi nati ons t ere

i ncl ude conbi halpsdmacmievéh&aprafw@ isd1atiors; r Agditichaliy, Qhéﬂbnkﬁm&kﬁé&%f@?
pol yfl uori des and pol yam des or 15 pol yfl uori des and polyacrylonitriles. In

one enbodi nentayers 2&and 3a maycemeeleetpd tabe irsthe26ngesBomrabout & 5ok poshdut d5
| | ( CHF- CF2 CF2- CF2 -,
ond (= r;hzgegg‘t ﬁg?%@cknéﬁeeepaﬁ?ﬁm W@Rmbﬂ\eeéogpleﬁgs@rzmﬁt&uk Fam
| fe
Cho. Loy 18 (e, s RAoES L6 BREP ot it PR S2Eora P fover28 ap6 yrrer
O e or2) e, rforid ethBhdRienbhe 166 Bk b ArAsol FElcidd o ooflitki ang |

vi nyl i dene fluoride-triflouroethyl ene one  par Seul At @

and second FERIyehgese flddride3) copdyraedahlerlahd bmbiddtiors Heresr (FERothER) M

wherein n and mequal 1, and wherein n is in a fraction range from about
0.6 to about @n@odtr@eet &ebEY Iayassn26is0dt300ard selectiicdim oByinghand®5 or e
|t may be preferable to formcrystalline

f bl
Perroel oct 1 PBGRRTSCHPTITS, Copoiyars Seieoh e gpenbinatons dereg in anotner
. tall t t h
rodm & porymsrasint b BREIR S e ah 0 ars etied WM Bplomiso o
031003577 PCELS0RIeAIheledtCaR iinkfor ol B arBi it i1 o°

system or the wherel n substanti aI a ‘nonolayer 1's 1ni I'y~f or med.

I'n one exanpliayers ﬁeaharama;re@eleefedafromga@bﬁwdﬂs eépd?ﬁﬁ@% thefesr, aqepol ymer may
have a vertical profile of about 4 Most pol'ynmer systens w || exhibit

sone degr ee &fPmatnations theyeoth thereembaodiments rapBincheleriombindtions af thieeved
virtually isgéactlc polyner filns. Wiere a copolyner is fornmed by the L B

‘deposi tion tE88RYR féj@écmeﬁéhffqrwﬁtmqs suchrig pelfigoddes/and pelyamides or
15 polyfluorides and polyacrylonitriles.

In one embodiment, first and second FEP layers, 26, 30 are L-B deposited
polymers selected from (CH2-CF2) p, (CHF-CF2) f, (CF2-CF2) n, (- (- (-, and (-

phases thereof, preferably the (-phase, (CH2-CF2)n-(CHF-CF2)m copolymer, (-, (-
» {~ and (-phases, preferably the (-phase of (CH2-CF2)n-(CHF-CF2)m, copolymer,
) 20 -and combinations thereof. The copolymer of (CH2-CF2)n-(CHF-CF2)m may be
referred to as P(VDF-TrFE) or poly vinylidene fluoride-triflouroethylene. In one
particular embodiment, first and second FEP layers, 26, 30 are a -cepo.lymer of
(CH2-CF2)n-(CHF-CF2)m wherein n and m equa.I 1, and wherein n is in a fraction
range from about 0.6 to about 0.9, preferably from about 0.7 to about 0.8, and
25  more preferably about 0.75,
| It may be preferable to form crystalline ferroelectric polymers of first- and
second-layers 26, 30. By “crystalline” it may be understood that the L-B

_deposition technique may form a polymer that is a highly ordered structure
7




isotacticity than for a nonomer under sinilar deposition conditions. In
sonme. situations, a syndiotactic filmmay be formed, even where fugetiimznahos

groups in tWe gzmekymer or copolyner filmare bul kier than ot e
sanme token, a 1o syndiotactic copolyner is achievabl e under ?ﬁt@ﬁq%bdﬁ

deposition technique, but the copolyner will also tend toward atacticity,
dependi ng upon whet her the copolyner filmfornms as a random regular,

bl ock, or gr afidcoedingty Ry MillEheraalsThalcké Reical Sydfdnt b tHEBKe DRRE R O devi ate
froma highly ordered (isotactic or syndiotactic) lattice COI’H!I guration
wher e sever al substaitiajlg asnofiolayer SSnFHER Ermed: dr enakegahpled foymithe df-B
deposition technique. In one enbodinent, a five-nonolayer structure is
formed. |In arBPRYAYENYIAMRINTTFEA capnlypromay dave et varicalpesfilesoffabonbd.5 A.

Accordingly, instead .of .a high ordered.monocrystalline |attice
structure, |anel| d&° ‘fp%ﬂﬂ%ﬁsgfg‘%{? ko] eﬁﬁ'??ﬁlsgmgrd B8 ptataeirity oroweNer rthgome
~di sl ocati @ns (af tbB&hi ; ,;gd(-;[ : LN re of a five-
or 10 20 nono aye%?%@%%?éh%ay l%ﬁﬁcgﬁ%oégég: @Jy@éﬁ@@& ﬁglﬁbﬁ%;élc%o |9S}'
ordered fiveds @irmkerbymbedl-8¥RpostidriethAigue, the Firh WIPRNE HRIFe RN %0 |
crystalline to about 80% crygt al l'i ne. ian one enbodi r?ent, t he Jﬁ%’gred
amount of cr ysatadticityithan {odegnerenedr urideosiatilar depositidn conaitions ad serhéy) in the
FEP structure_is_in a range from about one- third to about two-thirds,

preferably gSBdttigns; gayndistagtic Bemaxibe fefmed eveavdidrafunzdons! goatpsrie the t o
and i ncl udi ngogbout 95% cr ordered _anount of the crystalline

ll1ine. .Th
structure mayCHEEPL5PPPY %@' ?lrlie i %ﬁtﬁénloglﬁ'iﬁi Bydae sqmee tal@nsaanni ng
| ect I CLOSH - X | £ f L.an, t,h . Und ight |
Corrott &l CSfBgRLuc KondmEh S LARL 08 uoBRF 8 OB EpoplibRlechhBile dltib e o506
for.5- and 1@o;§olﬂrﬁéﬂ%ll2é19§ten\?@n»@é”rﬁoﬁ§§t%7ty,'3&r?eﬂ4§9§ %ﬁ%éﬂ"}’él‘q#ﬁ%ﬁﬁoiymer
y&r nunbers. The sp

structures, and structures between these” nonol a n-on FEP
| ayer 28 t hafilni forulissysos sxhdont, veyiar] blpek, ordpafebsbd@Pmery be |ikewi se made of

any of the polyners, copolyners, conbinations, and ratios thereof as set
forth in this di sthesysallirpeiuchie ayhegut tojuviate iroRrEPhighlyesrdé@dmay 5 be in-
Soeat . 65 WSt SR ShEPibes o bl o w4,
Figure 5ol seep hHBARELAS rorHbd B thel HESishin' Botilio B oné embodinenP "
five-monolayer structure is formed. in another embodiment, a 10-monolayer
structure is formed. Accordingly, instead of a highly ordered monocrystalline
lattice structure, lamellae of monolayers or monolay'-er groups may form with some
dislocations at the lamellar interfaces. The crystalline nature of a five- or 10-
J - 20 monolayer structure may be compared to a hypothetical highly ordered five- or 10-
monolayer structure, in a range from about 20% crystalline to about 80%
crystalline. In one embodiment, the ardered amount of crystallinity (degree of |
isotacticity or syndiotacficity) in the FEP structure is in a range from about one-
_third to about two-thirds, preferably greater that about one-half of the lamellar
25  structure up to and including about 95% crystalline. The ordered amount of the
- crystalline structure may be quantified by diagnostic techniques such as scanning

electron microscopy, x-ray diffraction, and others. Under tightly controlied

operating conditions, crystallinity may be as high as about 95% for 5- and 10-
: . |




pr-ot ective film32 and a second or upper electrode 34 are forned in a
configuration that may be referred to as a "cross point" 36 arrayighat2/2005

exposes FEPwH h3mbhsyrgt ure 38 between first el ectrode 18 and sp&p@gz ~ﬁtrode
34. In other words, the cross point 36 or projection of the W % of

first electrode 18 upward onto second el ectrode 34 exposes an area of FEP
structure 38 that is about equivalent to the square of width Wif second

el ectrode 34 aionolahesstustudshand sehtures betdenhesd RpnakrpENturfbersEP
structure 38 that is within this projected area may be nost 15 susceptible
of being witten ttheppinraratER layer 28 that iedippyses| atwaen Bybsd2tremt 30 nillye
cross point 3 f menory structure 10 may have a dinmensjon in the X-
direction tha?t® B Maderfiaqy £f g PIVDEEr CORMMERS FEbinationagrd fatisnol ogy.

F | e, ylui I h | Ni t hat
0.25 " or omeetef BGBPRX A RS Sl TR eR4SeR aeh ERE SIS 2eaY ono.
- Oh 20 g ni Ritlgd ' ' f

appfair cabl 29 '? l)l{()gtjiki:i]eaic pr eggoz? %Pﬁ%tesr@%ﬁ&a%ﬁ?érﬂta qﬁ%%féﬁéeq%ﬁﬁm ﬁded& @%i;\rqgct i on

- thickness of amubn@00pk aireahosepréferablpRombostP0NA t6lag6lf ROG0 A4, May match
those of first protective film 24 and first electrode 18, respectively.

Figure 6 ill ustratféguradonlseilusinstedifurther padcessiog i whizhta sevoedtor apperl n one

25 enbodi nent, a single cryatalline FEP Ighecr 126 is formed by the L-B
t echni que as PrPEciv M 39209 @ seepnd prupnegglestrgde 34 asedrrpestingct ur e -

ci cctrode. 11 05*.*@%%@@&%%h%@“%eieg&%fﬁ}%l%%s“p%n@%@%%%8?363%&%551%@682’2r
widhin e ot Jesuftr 38 palieerst bt @ ot RechEIEtolkDa (B Yt o0 ey

126 is di smﬂ@er@b@?b@int aed;rgfbjeawwf&r@é@i_dmw,a;mﬂrsft bletrolé 9B epvakodtb! M 124.
Above and on crystalline FEP layer 126 is disposed a second protective

film132. Aceetatidrejegtrodti 34 oxpabeatamereanfiFBP strusttics 08 tipatdd aisit\equivialent 132
is a second or upper electrode 134. The cross point 136, defined by an
area that i stabgsauareoiyigi W sesandigieaodeSdnrisabanamidibtof abbelowidtidd/. 118

__,,?F‘-P', second e‘rﬁ& ta%%%%t %? éEP%Er%&S:t?Jrggb %at%s?’v?nﬂ%g%sr: i}:nsoej‘gctgd %ire nr%lay bemost . -
15 susceptible of being written to and read from as a memory element embodiment,
The cross point 36 of memory structure 10 may have a dimension in the X-
direction that may be fied to a particular minimum-feature mask technology. For
'example, lithography process flows may have minimum features that are 0.25
micrometers (microns), 0.18 microns, 0.13 microns, and 0.11 microns, Other
: ) 20 minimum features that may be accomplished in the future are applicable to the
present invention. As set forth herein, the Z-direction thickness of second.
protective film 32 and second electrode 34, may match those of first protective film
24 and first electrode 18, respectively. _
Figure 6 illustrates another embodiment of the present invention. in one
25 embodiment, a single crystalline FEP layer 126 is formed by the L-B technique as
is known in the art.
In Figure 6, a memory structure 110 includes a substrate 112 and a recess

116 that contains a first or fower electrode 118 disposed within sidewalls 120 of
"9




interface foor data storage according to an enbodinent. A crystalline FEP
structure 138 is therefore fornmed out of a single FEP | ayer 126. T@glge,gzgg5
of 10 crysta}dd H’i %3397may be in a range from about 20%to about 950 may
within this 3 8 may preferably be nore than about half. ﬁ‘tages
reside in this enbodinent in conparison to a nulti-|ayer structure such as
FEP structure 38 depicted in Figure 5. Although a single about 4.5 A thick
| aver, an aboulecd o LOURN ds2 Ret pRiedile iy 12# isBRs APAMin e SobBafl by er
15 for that matter, be SI to prevent

si gni ficant déf@@‘;%e@é 1t®eAthg1@Hfr&§bmﬁé FEd’Gayé?HQBfl@ﬁi%péwd Aol 4adbmf
second protective film32, a t'hi cker | ayer nmay be made with additional
processing tlsm:stramjﬂmamm&tstpruteﬁsfelfmg 124 mdboey ano pe chystatiiee FERdmyeof f f or
a single crystalline ferroelectric polyner |layer 126 that may be thinner
than ferroel et26 ts@lsm%al %ﬂ@@ﬂd §f¢fﬁ@tt\t§rfém3§2dé‘ﬁpeltdm’3{- ﬁ“ﬂﬁOQBF‘ abgve pfhever ,
the trade-off is that tinme during a sin rforrralon
byt he LB deb SN BproERYR I S5 A S oF Lo R ecien 4. TR oSt RUTL 1 e
that previousy, %éte@gsﬁ at%]{h% I8 40504 B Spbid G RIS, Speh EF, 30 as

depicted in Figureé g processin ot herW| se
woul d have begactkzd18%nd éécoﬁbl rél@&n%d@"t@h”@ﬁééé}%nﬁt ﬂiﬁ édmbﬁé@ra §

structure depicted in Figure 5 may be enployed to formecrystal ne FEP
structure 13anﬂépce:foedatmstﬁrmamcﬁrdls@to ampembodipesit.t Aanystallide FERt :  down
time for first FEP | ayer 26, set-up I n-on, cure, and shut-down tinme for

FEP | ayer 28, strafntmr%éa motheraf@@cf@rme@nu efrcsingle FERJaren 126 The dagreesf 12/ 2005
03/ 003377 PCT/ US02/ 20644 second FEP | a 0., Acc j ckness

000 si ndiPe. CEYYRNTI AR bR bS T EgE TOTApORI0% 18 2b A%« DT s HATnDS A ¢ o

about 2, 000 Qaqé] ”%{yﬁ’%f( rﬁﬁtgjb%%on% XnEBoﬁthﬁlf design rules of a specific

appl i catlon nesses nmay I'n"a rahge from about 200 A to about

1,500 A. Other th 200!
1000 A I anot o TR eRRa ey fgﬂd‘sﬂtﬁ"%%ﬁ%@ﬁﬁ’éﬁ% AiflrfBon 150G dger

stand- al one sEGRuURS sushtay PEPistubAsre B8 depietediis Fitppe & etdthbugﬁlagsitﬁgte Gbag a
single, crystalline FEP structure 138. The only deviation fromwhat is
‘depict ed i n HAighithictolayer, mabout 45 A thick layer; or twice i.e. an about 90 A thick layer.
15  for that matter, may not be .SIQntﬁcantly thick enough to prevent significant
damage at the polymer/electrode interface dur?ng ALCVD of second protective
film 32, a thicker layer may be made with additional processing time.
Additional processing time may come from a trade-off for a single
crystalline ferroelectric polymer layer 126 that may be thinner than ferroelectric
) 20  polymer structure 38 depicted in Figure 5. However, the trade-off is that
deposition time during a single FEP-layer formation by the L-B deposition
technique may expand to include all processing time that previously was needed
to form ferroelectric polymer structure 38 as depicted in Figure 5.
Hence the following processing times that otherwise would have been used
25  for surface engineering a multi-layer FEP structure. depicted in Figure 5, may be
employed to form crystalline FEP structure 138 depicted in Figure 6: set-up,
deposition, and shut-down time foz"_ first FEP layer 26, set-up, spin-on, cure, and

sh'ut-down time for FEP layer 28, and set-up, deposition, and shut-down time for
10




structure 138 is a spin-on layer instead of an L-B deposition layer. It may
be 10 noted that the degree of crystallinity of such a spin-on FEP5/12/2005

structure 139, d?%gsa?? | ower than the degree of crystalli ni ty%&%{"éo:z?ﬁi%&l |hl ne
t

FEP structure 13 ormed by L- B deposition. However, it is at
the spin-on |ayer be at |least half «crystalline. The thicknesses of a
spi n-on FEP structure 138 that nmay be selected may 15 be in a range from

about 300 A t scedFER IHRV 36. Acch@irdy, thd thidkRbSs 5P Qingl'é, ci95RARk Tt [ayer
surface engi neering of the FEP structure may be detailed as the ALC¥/D

formation of Wy te inst raggd froecabmirt 100 Hetvtdaboat 20008, dildrgandubRt only to the
respectively, as well as the use of PVD for the second el ectrode 134. The
fol | owi ng di sESYER BHesH( 2 sRecfpARRligalien. ( Othenthieknesseamey baépacamat rom 20

bot h Fi gures .2 Protecti £ 4 and 32, or 124 and_ 132 are
pref erably f%?‘?‘@%oﬁy’&‘&%ﬂﬂ?&c%?r%l hg’s“—’{ IRIGRRCE B Dedua rangs femgboat cvD
of second s el g5 A992n3dt Phod@2 i s not preferred due to the physical
contact- and tenperature-' sensitive nature of FEP structure 38 or 138,

ALCVD of prot ect i Vg ahotiigh eAthodRertl a spidon A2 I4VRY ni < bd E@ta‘?IPLaIB’l‘r!?.to the

| ower processing tenperatures required by 25 ACCVD. "After the formation of
second pr ot edtEN etriciunsssisiiar thdghatie depidtedlie Elguesiesis a SHgle 1d¢statige FBPmed by
PVD under conditions that will not substantially damage FEP structures 38,
138, respect iShaicipre g3y T&epniy deyatioatfom whet isclepicted inFigurb &dis tmatt t hat
descri bes fabricati of 11 WO 03/003377 16/ 12/ 2005 _  PCT/ US02/ 20644 a
nenory cel | éfruﬁﬁ”%%gf’éﬁ?ﬁe'ﬂ"tﬂrb'aﬁ?fd”?tﬁﬁ‘? opa’ brb gerosifignrlaver. diygavbering of

t.hg FEP gtryg " S vari rocess f| ow
i der nat ' es. ot BaPthe oo BRa T Bl iap b e A3 gy be
el ectrode onigwsrihad R Gegrdd 8f crySREMIRLECABLIIRE FEP dRRAIMIT | £,
ot her structures such as genbeddrgd 5 rr%m)rr?/.§t q’ﬁe I og% C anrg;‘[(:)alrB fé&ngéeoccibc@g
mermory .nay i Bedembsitiotr tHdwaves, isis phefased thad ¢eeshinhaayed ped ISdst haien (n- MOS) ,
p- doped MOS (p-MXS), complenentary MOS (CMOS), bipolar CMOS (Bi CMOS) and
others. The Sis#lingt e may al so be a processor that includes row and col um
~addressing commn.'i_cai i,q(n at a L
TR e - The thicknesses of a spin-on FEP structure 138 that may be selected may. -
15 bein a range from about 300 A to about 2,000 A or iarger. In this spin-on
embodiment, surface engineering of the FEP structure may be detailed as the
ALCVD formation of the first and second protective films 124 and 1 32,
rESpectiver, as well as the use of PVD for the second electrode 134,
The following discussion may be applicable to the structures depicted in
) 20  both Figures 5 and 6. Protective films 24, and 32, or 124 and 132 are preferably
formed by ALCVD according to known technique. Aithough a CVD of second
electrode 34 or 134 is not preferred due to the physical contact- and temperature-
sensitive nature of FEP structure 38 or 138, ALCVD of protective films 24, 32 or
124, 132 may be carried out due to the lower processing temperatures required by
25 ALCVD, After the formation of second protective films 32, 132, second electrodes.
= 34, 134 are formed by PVD under conditions that will not substantially damage
FEP structures 38, 138, respectively.

Figure 7 illustrates a process flow embodiment that describes fabrication of
11




peri phéery. ‘As set forth herein, the substrate may al so be a
fiberglass-resin (FR) 10 type structure. Upon the substrate, the gpyentiges

enbodi nment ( arranged with contact of first and sec rodes
at the peri p%@%“‘%’?t er formng 710 of the first el ectrode,%ﬁgghﬁg@égs

flow continues by formng 720 a first protective filmas set forth herein.
Thereafter, the process flow nay take various enbodi nents as 15 set forth

herein. 1n ongnesthedi daadf anFERL sPuAGBeHIdthAYeE8HbeS sdidcklepbinkBfhd oy 1S

carried out. Next, a spin-on 732 FEP layer is formed above an on the first
FEP |ayer. TREPesdriutre(sd s%pomdssFHR inalpdes varicepmrecessdionsditemcativedi frist o
the L-B technique. In another process flow enbodi mnent as set forth herein,
a single, crybedrpeess 7GMHbegins Befuing OfF Fist pleckade ped sebstrats. T68m t he
crystalline FEP layer 126 depj,cted _in Figure 6 that anounts to a
crystalline F%f;bsgl'@?q,@@é{ sialis’s‘;é’.” ‘ﬁiﬂé%f&&&gﬂiﬁ%%, U 9% € 468 sI over

t han spi n-9n I t4 | N kel JYBY s rom
one to aboéljt @gg%gylgggrlg%rgﬁ%f%ﬁb no%oﬁ{atgﬁfe)ﬁﬂr&a ggﬂess e?ﬁ'g\t/v er"r%%%lrén%ﬁt as

set forth hergiged e Bgide siRbA{RMOSO el ES (bMb9y, Beehpldndntd§ MaBunt s
to an FEP struc‘jt%gre as set fOI‘t-I‘(l hergeal ﬁ%ﬁfter trfg forrmatign of %ﬁ FEP

structure, tHhEMDS},ddsolét CMORBICMOS)rane! difersf dihel suhsiréie maysaisobd a
protective filmin a pattern that will be aligned with a second el ectrode.
As set forth meeessar thaténddasnawmndicobinn addrepsinggpmipricitip @t ander 12

16/ 12/ 2005 WO 031003377 PCT/ US02/ 20644 ALCVD condi tions that w |l

subst anti al | W%'Bﬁﬁ'iyorﬁ‘%éeﬁggh iﬁﬁf%%ﬁ?“ rq%@apgtagso E%?ﬁé?@%é?’f?ﬂar@gi ter, a
segond el gctr, | s.formed 770 above and on the second protective film

I erfaceﬁdaég%gs#%d?%é FEP structure may be significant only during 5

formation of the %ﬂriﬁe%hﬁétﬁ%ié,:_t}ié iri:j\féhme ARBBAIHEIYs] MagBR dFiingas With

engi neering process flow, t -B deposition 730 procéess nmay be omtted.

Accor di ngly, cantaet oCfrssaihd s¥conid dlequoaes atitherpampheryn Atter Tdithiag 710vef the
el ectrode, formng 720 a |lower protective film spin-on formng 732 an FEP

| ayer, L-B démisiactnegeste pracessfloarcontiongsbwfdriming FXPa fiegh erotestyefiimgis760 an
upper prot e-c ts»ietvf%rt];\ir:e%in?rlr%e];ga{ﬂ@r.r]tﬁe ;Zo%egg flow-may take va.trious-‘embodiments as
15 set forth herein. in one embodiment, an L-B deposition 730 of a first FEP layeris
carried out. Next, a spin-on 732 FEP layer is formed above an on the first FEP
layer. Thereafter, a second FEP layer is deposited 734 according to the L-B
technique.
I another process flow embodiment as set forth herein, a single, crystalline
) 20 L-B deposition 740 is carried out to form the crystailine FEP layer 126 as depicted
in Figure 6 that amounts to a crystalline FEP structure 138. L-B depositipn,
although it may be slower than spin-on deposition to achieve a preferred
thickness, may form from one to about 1,000 layers or more." In another process
flow embodiment as set forth herein, a single spin-on 750 FEP layer is formed that
25 amounts to an FEP structure as set forth herein.
After the formation of an FEP. structure, the process flow may continue by

forming 760 a second protective film in a pattern that will be aligned with a second

electrode. As set forth herein, the second protective film may be formed under
12




10 upper el ectrode. According to this enbodi nent, processes may be omtted
where not needed. One enbodi nent of the present invention is a npgp2/2005
system Fi gwe@ oSoosk}A ustrates an el evational side view of pa nory
system 800 that is JVlnserted into -a host (not pictured) accgkaﬁ%&f}f‘%ﬁén
enbodi ment of the present invention. 15 The nenory system 800 besi des the
host (not pictured) may include a nenory article 810 di sposed upon a
substrat e 812ALRYD crnyitles thativalb notasstantisiy caroproniise thbentbgdﬁ?-of the FEP
Alternatively, suybstrate 812 may be a board such as a fiberglass-resin
(FR) card or n{qidenddieseaiicn aisrongdeleaiiode s forpge 77Brbprednd onde séad | n

Figure 8, the t 812 is depicted as mcroprocessor silicon that 20
may contain I%%;tg(%ﬁ‘é‘lgﬂ@ﬁitry t hereon. A physical interface 814 for a host is

al so depicted in g | t ' interface 814 may
be a dual in- Iineﬁbggggfj ?gﬁé@éﬁc agéer'b;g ﬂ{é@% 'T”Fi?g?é?é?g‘?é“&?p?lﬁ%#“%”g

mot her boarsd, farmatiopastahe Becdrl stoteRtive AIRP| ASRIEIAG 16 B88S ki iéH@%r d
circuit (ASIC) board, or the Iiid'ke. A si gnal iln erfaceurl{f%élbgA, 8@1 s al so
depi cted in Frgeass Bw, the L4 depmsitiodi 78Ondrocesisgnay b bmiitkide rActerdifdly, GA may be
a bond wre that leads fromthe nenory article 810 to packaging structures
of physical PIPEESP oW Wil prossiegifeam forming Atiba 8vem alojrode sformingr#20i slewer| ead

frame such a Ly: al_.in-1ine. age, her epbodi ments_of a signal
interface na nif)tgétl‘%dg'%oﬁ?lpbc’éjl 'JOFHPE?]%?@&‘SF Eh Vﬁﬂihﬂgbq%ﬁﬂ?%t‘@ﬁ%@ﬁm%pat i al
13 WO 03/0033 p / ] r/ireceiver,_devices.
The data storééteayg{)egﬁ%%{' ftgﬁﬁyﬁgér#' ﬁ&ééﬁé@é@ﬁlg&ﬁ'e?ﬂc@gﬂn‘?ﬂi 7|grﬁﬂ ude

the menony auppelstediddel MicordinglicBRSAALSIMERE pRotes ; orth
h'e?ei n, the menory article 810gjrray conpri sehgpfi rs%éﬁna?régoc%ﬁédqgﬁggged on
a substrate, neine®dedP structure, and a second el ectrode as set forth
herein. Further, the menory article 810 may include first-and second
crystal | ine FEP f¥negmbodiaentiof thenpnesertiipvention és a Memary sestgim dtigirey8

solution to gesist da e.at the electrode-FEP interface. QOher, nore
specific enb'gg?stf?i?ﬁ an g?eq!pﬁgnql i ‘f"?‘@ié’% H@ﬁﬁf?"ﬁ%@@ﬁﬂ&@"’s@o thet istinsaitadei n

~.may Dbe enpl oy host (not pictured) - according to an embodiment of the present-invention. -

15 The memory system 800 besides the host {(not pictured) may include a memory
article 810 disposed upon a substrate 812 that may be microprocessor silicon or
the like. Alternatively, substrate 812 may be a board such as a fiberglass-resin
(FR) card or motherboard including a current type referred to as FRA4.

In Figure 8, the substrate 812 is depicted as microprocessor silicon that

- ) 20 may contain logic circuitry thereon. A physical interface 814 for a host is also

depicted in Figure 8. In one embodiment, physical interface 814 may be a dual in-
line fead frame package that will disposed upon a motherboard, an expansion
card, and application-specific integrated circuit (ASIC) board, or the like. A signal
interface 816A, 8168 is also depicted in Figure 8. In this embodiment, signal
25 interface 816A may be a bond wire that leads from the memory article 810 to
packaging structures. of physical interface 814. Signal interface 8168 may also
- comprise a lead frame such as for a dual in-line package. Other embodiments of

a signal interface may include optical interfaces including wave guides and spétial
13




10 Various physical interfaces may be enployed with the inventive nenory
system 800, dependi ng upon the appropriate host. The nenory systehs30Q /YOS5
be enpl oyeoweisshoms7physical interface that is configured to ﬁcﬂ?ﬁfmﬁéﬁﬂe

sel ected from comunications hosts such as a PCMCI A card intertace, a
personal data assistant (PDA) interface with or without wreless

communi cation ability, and a 15 hand-held host such as a cellul ar

t el ephone. Afvanbmvttdnbsdeivey devicey. be a nobile data storage interface that
may include a cong_act flash card interface, a MEMORY STICK? interface nmade
by Sony Cor por at i dhe datarsterage prrinn offibginvesth@ memery sustemBde mey inoludga

Co i on, ,a POCKET j nter f de by Intel Co i on, and
ot hor s, Anot HE MEGIHY B THayRBLS SRy e BB FU el Al ABGPLRITEERace, o
deskt . Lon- i the |ike, | h
deoKt 0P P! SSEheRIPHAte SEPREP b B R Rpp B0 o bt bR, 2%
to take o t HEP QAL ! S LECRIREISotrclas &t férh?hé}lefﬁ -Furthef] thamemoryhe

appearance of the specific signal interface 816 w vary to take o t he

‘requi si te coariielt 310 may include firblearitbséconderyallimxPEPlfiktns 8s BEMorA heasid has a

physical interface conpri.sing at |east the Iong edges of the card that
frictional | y2aagusecetengjnseringnsnietionviotresishearvagalatihy elecnde Fikfhimterfaceer f ace
[ | east the female multi- contact sockets at

for a PCMCI ard cong)rlﬁespﬁg | ea 1 le .
the back of JRPE SPestic embadiaents; of the inyentiyeduemerysystem pe set BRD 14

16/ 12/ 2005 177 [,US02/ 20644 of the card. Low operating voltages
are pref erre%%ﬁ‘ﬁ'{”g@ﬁ%&{}’é’g%ﬁ- enbodi nents of the present invention.

Acgor di to an aphgd : ' ' t e ol from
2bout 0.2 \'to 1 auaeph BR gl el ek B Aok Intelfive BB, 20
0.5 V to abaystdn ¥00,dependial LpoR th@upp@pAbe Hd@t.bﬂﬁé‘mbhﬁ)rﬁg%téﬁmqmﬂa?ead
nmet hod and the wite nethod according to an enbodi nent. nvol atil e nmenory
such as f| adie employedjwith @ phiyaicgeinterfasettikatis obmfigyradotocchost typasaladtedci ent
voltage to wite to the floating gate. The present invention presents a

| ow vol t age TtOBR RABIMBGIEAHONS hesiy sHeh AF @ RgMEH4y caddhterfage, perspealtdaéa need f or

- charge UMD assistant (PDAY intertace with or without wireless communication ability, and a = .

15 hand-held host such as a cellular telephone. Another host type may be a mobile
data storage interface that may include a compact ﬂash'card interface, a
MEMORY STICK® interface made by Sony Corporation, a HIP ZIP® or
PEERLESS® interface made by lomega Corporation, a POCKET CONCERT®
interface made by Intel Corporation, and others. Another host type may be a

) 20 removable storage medium interface, a desktop personal computer expansion slot
interface, and the like. In each instance, the appearance of the specific physical
interface 814 will vary to take on the requisite receptacle, etc. of the host.

Similarly, the appearance of the'speciﬁc signal interface 816 will vary to take on
the requisite connector, efc. of the host,

25 For example, a PCMCIA card has a physical interface comprising at least
the long edges of the card that frictionally and slidingly connect with the card bay.
The signal interface for a PCMCIA card comprises at least the female r;fiulti-

contact sockets at the back of the card, and the specific plug-in outlets at the front
' | 14




10 technol ogy and ot her higher-voltage menory technol ogi es. The foll ow ng
i s an exanple of a method of making an enbodi ment of the presentjg/12/2005

i nventi on. may be made to Figures 1-5. First, a su e 12 1s
provi ded, c%ﬁ/@?ﬁg | ogi c-bearing silicon for an inventive EE@@SSW%H

pol ymer nmenory structure including a dielectric material such as silicon
oxide. In substrate 15 12, a recess 16 is etched and a PVD al um num first
el ectrode 18 icdftHotawedd Within recess 16. A protective layer of TiNis
formed by CVD. Again, limted to thermal budget restrictions, PECVYD may be
substituted for théowseperatnghiclfages arergrefeatadrand aievet byiebotlirents fof tHe ng
of recess 16 by PECVD of TiN to forma protective |ayer 22, a 20 CWP

process is caffFSdt Hyentipra: Ascuiding do aRempogiment; swWirhngordltege gavtbrsintbaor y

t t 10 t t] | t ti
Fiimoa o unainas B Bod B el &% ReBreREbRiaR PRas 1BEh | ayer
26 is forngd Lgedt O.Bmmsf\[Om@PQI‘tggeﬁnéY?&a@ﬁﬁ%%t@ﬁg{aﬁgs?ﬂ&fv@rr y about

23 A from P(VDF-TrFE). Because surface englineering o erroelectric

pol ynmer st r uctatieod &Rt 8 Wiy déthed bitcdrgingfto SnithbodiBse NdhvblEleAbMeRf
material that is exposed to processing after the formation of structwure

38, first cry8tel &s fesh may sequiretchacgeplmpiechnaiogy 1@ Gcieye euffioient vathges set

forth herein., Next, ahesgi@%};on FEP_| ayer 28 is forned to a thickness from
about 500 A t & WP 1he derfing 9aip-o Tl Rrsgnhipyemtion pgeents a HW-YoageFEP | ayer

the PEP mat e FAMAROR OGP i e ek eDBecRe sed e arbrde ity o
pexi od OfﬂfrO@bﬁmﬁ%%gg%9th%55%89@&%9%%3&8%bﬂ@0!§@?§.trate 12 and in a

refational range fr out rev tirons ‘per m € (rpm to about 6000

rpmand for a.timerhHefalewingMaRbrathpl cTaGRagodid) farPénBE@RRABof thBI N S
on FEP | ayer 28 conprises a copol yner of (CH2-CF2)n-(CHF-CF2) m wherein n

and m equal Ipresent inwemtionn Referencebmay be.ridde B Bigomsd-Bir Fisgtpe substyesée 4Rl i ne
FEP layer 26 is L-S deposition formed to a thickness fromabout 5 Ato
about 45 A, p¢ Bfvidas, gompasing kaigbearing siiogpror aF iRventiveerpes-ppinhpelymier st -

O B BB s AL 3 RS S S o B SRSl 11

15 12, arecess 16 is etched and a PVD aluminum first electrode 18 is formed within
recess 16. A protective layer of TiN is formed by CVD. Again, limited o thermal
budget restrictions, PECVD may be substituted for the usually higher-temperature
CVD of TiN.

After filling of recess 16 by PECVD of TiN to form a protective layer 22, a

| ) 20 CMP process is carried out that reduces the Z-direction proﬁle of the memory
structure 10 and converts protective layer 22 to a damascene protective film 24.
Under L-B deposition conditions, a first crystalline FEP layer 26 is formed to a
thickness from about 5 A to about 45 A, preferably about 23 A from P(VDF-TrFE).
Because surface engineering of the ferroelectric polymer structure FEP 38 may

25  only be of significance o the polymer material that is exposed to processing after
the formation bf structure 38, first crystailine ferroelectric polymer layer 26 may be
omitted as set forth herein. Next, a spin-on FEP layer 28 is formed to a thickness

- from about 500 A to about 2,000 A, preferably about 1,000 A. Spin-on FEP {ayer
15




CF2) mwherein n and mequal 1, and wherein n is about 0.75. Thereafter, a
mask (not depicted) is patterned in a cross-point configuration t@/fixs3005

el ectrode 1 gBigsdmsk pattern exposes a width simlar to thg w dth of the
first el ectrode. Thereafter, a protective TiN layer is fornmefCHUsH/RoH

t hi ckness in the 15 range fromabout 10 nmto about 100 nmis forned under
PVD or ALCVD conditions that operate at or bel ow about 100 C. Thereafter, a
second el ect r ggigayise: fHPhEB Gy RELE| Pﬁng@ | |t .

bel ow about 150 Cyi n order ytopprg?gge@%%e F{!tg%uc bc?@rggﬁd@%é%fﬁ%i"ﬁgﬁo

this exanpl e, substrater €3 forpperiod® flohKabR@EYIRE S¥RBREY afd EpAAIHE SuIIRRAHSS N
a range bel ow about 9 V, and preferably in 20 a range fromabout 0.5 V to

about 5 V. THM in@ rofafionahrangelfeneabaut BOO nevdigimhegiar nubitedrpngad abetthod and
to an enbodinent. It will be readily understood

th it 1 i
to those s o 16 PR SRCHh fri Bhop s e 6 racongh i st senendsorSains,
faser i bod “anc iR RIS Sonfirisk 8 BP0l MeR BE(CHT LI FERB L bR P Doen

descri bed and illustrated in order ure of
i nventi on mayanBen @REE) Y dlONkerdPRAkLRG: 6 78M the principl es and scope of
) H 75,

the invention as expressed in the subjoined clains. 16 16.12. 2005 'What is
claimed is: 1. A prszvesd ovluppekirpstaiing FEPagRrd®Vis 168 GepRdific Remed fP5 M Ng a

first electrode over a substrate; formng a ferroelectric polyner structure
over the subdtigkiiess frosn abagt DA pboutgodk, eeeferably Rboutddeh fromePMOR-DEIECt i ¢

pol ymer strugture; 6%? form ng a second el ectrode over the first

protective fiITHEEIRG Tigt-andsesprd-prslelioeiFEP yem 2a0, raspetivebtarel ect r ode,
Bhar el ' fer i | s . |
\ 92{)8' N fOr Mhrgent, HACRIYErPHAhB SxbMBlel dontPriR¥ey %@bg{méﬂ 5@?5@#?%{3%@% st

C rises: formng a damascene structure int str

el ect rode anGFphg wéecainch aridmesiual/€ dnd whdigina ispitesyssel ected from
mechani cal polishing, chem cal -nmechani cal polishing chem cal etchback, and

ormng a st cloctr ods oVl & ST e e rer
“structure ovierfirstleciidsist &1t €he mask pattern exposes a width similar to the width of the
first electrode. Thereafter, a protective TiN layer is formed with a thickness in the
15 range from about 10 nm to about 100 nm is formed under PVD or ALCVD
conditions that operate at or below about 100 °C. Thereafter, a second electrode
is formed by PVD, also at operating _condi.tions at or below about 150 °C in order
to protect the FEP structure 38. According to this example, the cross-point matrix
+ polymer memory structure operates in a range below about 9 V, and preferably in
) - 20 arange from about 0.5 V to about 5 V. This voltage may relate to both the
destructive read method and the write method according to an embodiment.

It will be readily understood fo those skilled in the art that varjous other
changes in the details, material, and arrangements of the parts and method
stages which have been described and fllustrated in order to explain the nature of

25  this invention may be made without departing from the principles and scope of the

invention as expressed in the subjoined claims.
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formng a protective filmover the ferroelectric polynmer structure; and

formi ng a second el ectrode over the protective film wherei mdm@amopg a
ferroelectric polymer structure conprises: formng a first ferroelectric
pol ymer | ayer over the substrate; formng a spin-on ferroelectric polyner
| ayer W\retistclhinddis:st ferroel ectric polymer layer; and formng a second
ferroelectric polynmer |ayer over the spin-on ferroelectric polyner |ayer.
3. A nén’bpvcﬁ%mbmiakihmgstoagwe\meOemeti&imgade di sposed over a substrate; a
ferroel ectric ner structure disposed over the substrate; a protective
film di Cgfﬁt‘)‘g@é’rséG'éigt’qdﬁQV?ré‘rsFB%'la?ct ric polymer structure; and a second

el ectr dovr th rotectlvefllm wherein the ferroelectric

pol yne?oqr% g %}%reg(:t(r:% e ry&urgoy?rtige[sugftyaé? 'al line ferroel ectric pol yner

| ayer ginpgagr ﬁae%rcwehmn SR He/ B Rlecfe BBl LGl AR ect T ¢ pol ymer | ayer
di sposed over the first crystalline f oel ectric polynmer layer; and a
secondfdmiig bakddnd @leb@sde@RbraRd firkipragdtivémm; | ayer di sposed over the spin-on
pol ymer layer. 4. The menory according to claim3, wherein the spin-on

f er r oefopuing B se@ob provactivesfire pvaric firdt@lecitgtkt whdrkin @ormfng rseednd Gtdte otivedi & Tthe

| ayer sfirgeedtradiecaptpris¢se sane conposition. 5. A cross-point matrix pol ymer
rrem)ry structure conpri sing a first alum num or copper el ectrode di sposed
on a s{PHBIRY afﬂéma;ff"%mf@fezow sybstiatecfony e fiest elpgtipderancipe peoopd pretestivedim Bwa
pr ot ecPIPYES £F P ere GEEIP SR IRPESUgHChs M qahmeshapice! Palishing chefeical etghback 368 ect ri ¢
pol ymer—struc SUre i sposed over the substrate and the first protective
film gﬁ&g@ggofﬁgg@c&;%% JRLAL B ’Ji’li e or oxi de protective filmdisposed
over the ferroelectric yrrer str and a second al um num or copper
el ect rmdﬁngjaﬁ@s@@droa@wa@mt@@, t he second refractory netal nitride
protective film 6. The cross-point matrix polynmer nenory structure
accordiongngafecdoeibmiépolmlsemammbveerﬂerslubﬁ#aw;tri c polynmer structure further
conprises: a first crystalline ferroelectric polyner |ayer disposed over

t he sulggringe arotagierfibm ﬁVQrW@fﬁffqeéthr@rpyls’man $tiuplere; fregk r oel ectri ¢ pol yner . | ayer
has a i hickness in ar m about 5 .ANG to about 45. ANG ; a spin-on

ferroePEUPg ¢ 88058‘1’ §RgrdP a@*‘éﬁheoqf%fﬁﬁ%ﬂ%wa?rewﬁgmgrasfﬁ"%eﬂ%@gplvmﬂrestwcture

ferr oefEF% pol ynmer |ayer, wherein the spin-on ferroelectric polyner

| ayer %ﬁ%n@af:rjgff%nlf%?e%ﬁ'lc'p'alyﬁelrigyrkg%vérrtl%rguﬁgpd‘l’é; 500 . ANG to about 2,000

forming a spin-on ferroelectric polymer layer over the first ferroelectric polymer layer; and

forming a second ferroelectric polymer layer over the spin-on ferroelectric polymer layer.

3. A memory comprising:

a first electrode disposed over a substrate;

a ferroelectric polymer structure disposed over the substrate;

a protective film disposed over the ferroelectric polymer structure; and

a second electrode disposed over the protective film, wherein the ferroelectric polymer structure comprises:
a first crystalline ferroelectric polymer layer disposed over the substrate;

a spin-on ferroelectric polymer layer disposed over the first crystalline ferroelectric polymer layer; and

a second crystalline ferroelectric polymer layer disposed over the spin-on polymer layer.

4, The memory according to claim 3, wherein the spin-on ferroelectric polymer layer and the crystalline
- ferroelectric polymer layers are made of the same composition.

5. A cross-point matrix polymer memory structure comprising:

a first aluminum or copper electrode disposed on a substrate;

17




.ANG ; a second crystalline ferroelectric polyner |ayer disposed over the
spi n-on pol yner |ayer, wherein the second crystalline ferrog ecihscC

pol ymer layer has a thickness in a range fromabout 5 . ANG to about 45
.ANG ; and wherein crystallinity of the first and second crystalline
ferroelectric polynmer layers is in a range fromabout one-third to greater
t han abdst rebader aletal nifide dhexiderppstectipefilnt digpatdd aboondreanthd e sattréder Uct ur e
according to claim5, wherein the ferroelectric polyner structure further
conpr i gé&sroelgctie peynagrisirypture dispasedl evsr thesupgitajenand thefirgmraéatipofied above and on
the first refractory netal nitride or oxide protective film and bel ow and
on the? Bﬂ&PffraétPM{qf%W' def grideyiretertya fitsy digoserbovsy e &topipetris pelymengiieteein

the cPVYstalline ferroelectric polymer |ayer has a thickness |n a range

from aQQégont}glgmrdﬁ‘H%r c& enaQQé‘l’rIbdgd gng)o%ed %\bbélv?ahd g\?ﬁjl[e\é\@c%ﬂg de'?rgttgrgr S gldg and on

ref rach@fe¥tiveRign@! Nitri e or
the crystalline ferroel ectrl c pol yner |ayer. 8. The cross- poi nt mat ri x

pol ymee. e RRSsY-psibt ktitsdiynas 6RMdh 8ruétOreGcadrih@io cYmﬁ?B%Hbrélr‘i‘ﬂ\eff@fdefé%l@ﬁélﬁm&
pol ymestructite futhar cemprises:ner conpri ses a pol yner selected from (CH. sub --
CF. sub. 2).sub.n, (CHF-- CF.sub.2).sub.n, (CF.sub.2 -- CF.sub.2). sub n

al phaa first %Eﬂtfaillne fefrO%V;Moniym%tﬂﬂ%d@snoaed Weagesum%ememlﬁqrem (rEHirs atystalline
CF subfezyelgqﬁrﬂf n?*vme( has @ﬁ"@mﬁszr)agaﬁlse ﬁp@@pmtﬁn@MG to alpqmé5 ANG. bet a. -

a &gin %y Eeﬁjgv rihe irsterystaling dgrroelgctrigpoly ?r@lgr F'rél[n
r?';t fflx’thgi évégfe"ﬁg' P %ﬁ %ay%%s *fﬁ"aﬁ%g N rgﬁérﬁ?bgut%mﬁ??\ feadicd

ferroeﬁect ric pol yrrer structure further conprises a copol yner sel ected

from aj pliand erystiftfederroelddfi ymerl fisplbl Bver méas%ﬁ':%ncbfolyme( &l SiRerdn e
CF. subsedpndssrstaline féridefectric %géhaﬁslﬂlh kDR M BRe frod Mol ) ANGARCbBUIBU A
1, andAWders&dn N 1S in a fractl on range fromabout 0.6 to about 0.9. 10.

The cross-point matri x polymer nmenory structure according to claimb5,
wher ei wher¢ie ciyetalfinilobibe firstarplgiependrerystaliing (areelectficipdiymear layens|is in sesngeli®meaboythas e
(CH s utredhird togreaten tham abeusome-ha¥. (CH sub.2 -- CF.sub.2).sub.n --

T B LR e o o e
conpri ruﬁtare 'érth(féﬁ%gcf structure conprising an el ectrode; and 18
16.12. ggQéalﬂw f&?cfefb%{rl‘é‘%&%@r fa}%t‘ éﬁg&{se& Blgdi'/gtaHtﬁ &n {hg ITE %eré{SrE/ n¥etf'a? nﬂ%g%ﬁgﬁcﬂee

St r uctybBetive film, and below and on the second refractory metal nitride or oxide protective film, wherein the
crystalline ferroelectric polymer layer has a thickness in a range from about 100 .ANG. to about 2,000
ANG.; and

wherein the second refractory metal nitride or oxide protective film is disposed above and on the crystalline
ferroelectric polymer layer.

8. The cross-point matrix polymer memory structure according to claim 5, wherein the ferroelectric polymer
structure further comprises a polymer selected from (CH.sub.2 --CF.sub.2).sub.n, (CHF-—-CF.sub.2).sub.n,
(CF.sub.2 --CF.sub.2).sub.n, .alpha.-, .beta.-, .gamma.-, and .delta.-phases thereof, (CH.sub.2 --
CF.sub.2).sub.n --(CHF--CF.sub.2).sub.m copolymer, .alpha.-, .beta.-, .gamma.-, and .delta.-phases of
(CH.sub.2 —-CF .sub.2).sub.n -~(CHF--CF.sub.2).sub.m copolymer, and combinations thereof.

9. The cross-point matrix polymer memory structure according to claim 5, wherein the ferroelectric polymer
structure further comprises a copolymer selected from .alpha.-, .beta.-, .gamma.-, and .delta.-phases of
(CH.sub.2 --CF.sub.2).sub.n --{CHF--CF.sub.2).sub.m copolymer, wherein n and m equal 1, and wherein n
is in a fraction range from about 0.6 to about 0.9.

10. The cross-point matrix polymer memory structure according to claim 5, wherein the ferroelectric polymer
structure further comprises .beta.-phase (CH.sub.2 --CF.sub.2).sub.n in {CH.sub.2 —-CF.sub.2).sub.n --
(CHF--CF.sub.2) .sub.m copolymer, wherein n and m equal 1, and wherein n is in a fraction range from
about 0.7 to about 0.8.

11. A memory, comprising:

a damascene structure comprising an electrode; and

18




12. The menory of claim 11, wherein the ferroelectric polynmer structure
conprises: a first polyner |ayer coupled to the damascene sfgiachose; a
second polymer |ayer coupled to the first polynmer layer; and a third

pol ymer |ayer coupled to the second pol yner layer. 13. The menory of claim
11, wherein the damascene structure further conprises a protective |ayer,
wher ei afertoblectpt pdlgadrisirdctiraftened svebtlewamasdehestricwfd. r ode and t he
ferroelectric polymer structure. 14. The nenory of claim 13, wherein the
pr ot ecl2-vide mgyery o oapr 11 eereinttaieuoglentrioriotymedsiructubeecosipgedst ode  conpri ses

al um num or copper, and the ferroelectric polynmer structure includes a

pol ynef fifshprbmes laverqorried o tbrdamnasgrnesyictdRd pol yet hyl ene fl uori des,

pol yvi nyl and pol yet hyl ene chl orj des ol yacrylonitriles, polyam des,
copol ya ?Cson? H%If%%r%{?ye% OUBIS% tﬁﬁﬁﬁsﬁ?‘gy"{eﬁ%y%%?nd 15. A nethod, conprising:

f or m ngfabbiibr 16yeY SBleliid e SEEhABLIGRE!Aye: POl BT [ ayer over a substrate;

formng a spin-on terroelectric polynmer Tayer over the first crystalline

f err oel ®ahs remidsl of BiBim 112V BéraindidarsREdHeRBudurs RFABGL RN S drbtB@ive layer, wherein

f er r oeihe ptatéctivediayey Reetwedy Eie aldt@bdd ARl tiplefoddtird@olyier sthaydd.. 16. The net hod

of claim 15, wherein formng the first crystalline ferroelectric polyner

| ayer thripe meeery of apignid. wh@eiodipanrotectivp tayert domgrigelsditahiumsar nigndes the lelectrale

f er r oefWHFEAIWHNYTrET copass epnddiierrpsiectriq pebamen steiciirriingldas & nelymepleys sglegied

secondffq? dyvny anePobveinyigies Bioridqse PRlainylas pelgtByleneiniarifese Bolyashiamiliies Bl odget t

deposi RG99 RWBHG heggfh OF SPTRIRRICPESER ectri ¢ pol yner |ayer over the

Spi n- ofx ﬁ%dé(%rccl Ehe 17. The nethod of claim 15, further conprising:

form ng a danmascene Fructure coupled to the first «crystalline

fer r oeloRichg A firsPRYYATRE fdr¥REtric BEIGH &1 et HRr JaMRESENE Structure conprises an

el ectrode coupled to the first crystalline ferroelectric polyner |ayer.

18. Thierrimyg & ein-6i feerbélbdniclilynfen ldyérasvectheTrel Systfiine fdfolletific polpfi@tiBet ane | ayer

coupled to the first crystalline ferroelectric polynmer |ayer, wherein the

pr ot ecfeinvieg & sarend ¢rystélinerfercoelegtriatoolminer lhyeey ever tHeespineml polysneoteysteposi ti on  of

materials selected fromnetals, refractory netals, their alloys, their

nitri T%&*g&ﬂg%?f 13 g¥hsreinpierming e figstensstaline feyrrelectie palymer laygr comprises
angmuir-Blodgett depositing the first crystalline ferroelectric polymer layer over the substrate and wherein
forming a second crystalline ferroelectric polymer layer comprises Langmuir-Blodgett depositing the second
crystalline ferroelectric polymer layer over the spin-on polymer layer.

17. The method of claim 15, further comprising: forming a damascene structure coupled to the first
crystalline ferroelectric polymer layer, wherein the damascene structure comprises an electrode coupled to
the first crystalline ferroelectric polymer layer.

18. The method of claim 15, further comprising: forming a protective fayer coupled to the first crystalline
ferroelectric polymer layer, wherein the protective layer is formed by atomic layer chemical vapor deposition
of materials selected from metals, refractory metals, their alloys, their nitrides, oxides, and carbides, and
combinations thereof,
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